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Abstract

This article reviews research on the achievement outcomes of mathematics
programs for middle and high schools. Study inclusion requirements included use of a
randomized or matched control group, a study duratiat lefast twhkve weeks, and
equality at pretest. There wet82 qualifying studies28 of which used random
assignment to treatments. Effect sizes were very smeigfited meaikS=+0.G8 in 40
studie$ for mathematics curriculandfor computerassisted istruction(ES=+0.10 in 8
studies). They were largénveighted mealES=+018in 22 studie$ for instructional
process programs, especially cooperative learnigighted meaS=+042in 9
studie$. Consistent with an earlier review of elementary progrdims article concludes
that programs that affect daily teaching practices and student interactioriarigave
impacts on achievement measutesn thosemphasizingextbooks or technology alone.
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The mat hematics achi eve mlesthool stifden&imanr i cads
issue of great concern to policymakers as well as educators. Many believe that secondary
math achievement is a key predictor of a nat
example, Friedman, 2006). In countries other thattlse, results of international
comparisons of mathematics achievement, such as the PISA study (Thomson, Cresswell,
& De Bortoli, 2003) and the TIMSS study (IEA, 2003) are frpage news, because it is
wi dely believed that t thendscierxdisiofigreatt sé6 per f
i mportance to their nations6é competitive

nw O

The performance of U.S. students is neither disastrous nor stellar, and it is
improving. On the PISA studyriomson, Cresswell, & De Bortoli, 2003 merican 15
year olds ranked #Bout of 40, behind such similar nations as Canada, Australia, France,
and Germany, and far behind Hong Kong, Finland, Korea, and Japan. On TIBASS (
2003, U.S. eighth graders ranked™dut of 34 in 2003, butn a positive note, 3.
TIMSS scores and rank have gained significantly since 1995. On the U.S. National
Assessment of Educational Progress (NAERY), eighth graders are alshowing
steady progress. From%? of ei ght h graders scoi%ng at MAbe
scora atthatlevelin20) and t he percent scoring Aprofic
15% in 1990 tB2% in 2005. This is much in contrast to the situation in regdvhere
eighth graders in 200are scoring only slightly better than those in 1992.

Theproblem of mathematics performance in American middle and high schools is
not primarily a problem of comparisons to other countries, however, but more a problem
within the U.S. There are enormous differences between the performance of white and
middle clas students and that of minority and disadvantaged students, and the gap is not
diminishing. Onthe 200MAEP, 39% of white students scored proficient or better,
compared to 9% of Africaldmerican, 13% of Hispanic, and 14% of American Indian
students. Simdrly, 39% of norpoor eighth graders achieved at proficient or better, in
comparison to 13% of students who qualify for free lunch. Improvements are needed for
all students, of course, but the crisis is in schools serving many poor and minority
children.

Clearly, to continue to advance in mathematics achievement, we must improve
the quality of math instruction received by all students. What tools do we have available
to intervene in middle and high schools to significantly improve their mathematics
outcones? Which textbooks, technology applications, and professional development
approaches are known to be effective? The purpose of this review is to apply consistent
methodological standards to the research on all types of mathematics programs for
middle andhigh schools to find answers to these questions.

Although there have been reviews of research on effective classroom teaching
practices in math (e.g., Anthony & Walshaw, 2Q@/¢omprehensive review
systematically comparing the evidence base suppatiaghative programs in middle
and high school mathematics has never been done. The What Works Clearinghouse
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(2007) did review research on middle school textbooks and computer progkaros

this writing, i1t has pos trand It fated tWwogpogramg,e nes s r
| Can Learn(a core computer curriculum) aséxon Math{a backto-the-basics

textbook) as havi ngCSKMmAgsbraindThecExpert f ect s, 0 t wo
Mathematicah as having fApotent i aCorngcteathematicssv e ef f e
andTransition Mathematigs as havi ng Clewsll &t ald20@jbiriedlyc t s . 0

reviewed studies of math and science curricula and professional development models for

middle and high schools, but did not draw any conclusions. There lsavieesn reviews

of research on the use of computer technology in mathematics, and these have included

studies at the middle and high school level (e.g., Becker, 1991; Chambers, 2003; Murphy,

Penuel, Means, Korbak, Whaley, & Allen, 2002). Project 2061 (AAX®O0) evaluated

various middle school math programs to determine the degree to which they correspond

to current conceptions of curriculum, but did not focus on student outcomes.

The National Research Council (20@4e also Confrey, 20p6ommissionea
blueribbon panel to review research on the outcomes of mathematics textbooks for
grades K12. They identified 63 quasixperimental studies that met their standards, but
decided that they did not warrant any conclusions. It said nothing about outdomes o
particular programs or types of programs, and took the position that studies showing
differences in student outcomes are not sufficient, regardless of the quality of the
evaluation design, unless the content has been reviewed by math educators and
mathenaticians to be sure that they correspond to current conceptions of appropriate
curriculum. Since none of the 63 studies did this, the NRC panelists decided not to
present the outcome evidence it had found.

The current review builds on a systematic revidwesearch on the outcomes of
mathematics programs for elementary students, gradei{Slavin & Lake (2008)
That review focusd on three types of programsatinematics curricula (e.dzveryday
Mathematics, Saxon Mathcomputerassisted instructiofe.g.,SuccessMaker, Compass
Learning), and professional development programs (e.g., cooperative learning, classroom
management, tutoring). Studies were included if they compared experimental and well
matched control groups over periods of at least 1Xsveastandardizeaneasures of
objectives pursued equally by all groups. A total 6E&idies met these criteria, of which
36 used random assignment to treatments. Combining effects across studies within
categoriesSlavin & Lake (2008jound limited effets of the math curricula (median
ES=+0.10 in B studies), better effects of computesisted instruction (median
ES=+0.19 in 8 studies), and the best effects and the higheatity studies for
instructional process programs (median ES=+0.3%ist@dies). Within categories,
effect sizes for randomized and matched studies were nearly identical.

Focus of the Current Review

The present review uses procedures identictidse used bglavin & Lake
(2008)to review research on mathematics programs fddia and high schools, grades
6-12 (sixth graders appeared in the earlier review if they were in elementary schools, in
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the current review if they were in middlel®ols). As inSlavin & Lake (2008)the

intention of the present review is to place alleywf programs intended to enhance the
mathematics achievement of middle and high school students on a common scale, to
provide educators with meaningful, unbiased information that they can use to select
programs most likely to make a differerfoetheirstudenté st andar di zed t est
The review also seeks to identify common characteristics of programs likely to make a
difference in student math achievemdirtiis synthesis includes all kinds of approaches

to math instruction, and groups them in theategoriesMathematics curriculdocus

primarily on textbooks. These include the programs developed under funding from the
National Science Foundation beginning in the early 1990 as th&niversity of

Chicago School Mathematics ProjettGSMP andConnected Mathematicas well as
standard textbooks produced by commercial publiskEmsputerassisted instruction

(CAI) refers to programs that use technology to enhance mathematics achievement. CAl
programs can be supplementary, as when studentsrait® semputer labs for additional
practice(e.g., Jostens/Compass Learnjr@)they can be core, substantially replacing the
teacher with selpaced instruction on the compugerg.,Cognitive Tutor, | Can Leain

CAl is the one category of mathematmegrams that has been extensively reviewed in

the past, most recently by Kulik (2003), Murphy et al. (2002), and Chambers (2003), and
core CAl programs weréncluded in the What Works Clearinghouse (20@view of

middle school math programBhe third @tegory,nstructional process programs the

most diverse. All programs in this category rely primarily on professional development to
give teachers effective strategies for teaching mathematics. These include programs
focusing on cooperative learnirigdividualized instructionmastery learning, and
comprehensive school reforas well as on programs more explicitly focused on
mathematics content.

Review Methods

The review methods aessentiallyidentical to those used I8favin & Lake
(2008) who wsed a technique called best evidence synthesis (Slavi@), 1#8ch seeks
to apply consistent, wejustified standards to identify unbiased, meaningful information
from experimental studies, discussing each study in some detail, and pooling effect sizes
across studies in substantively justified categories. The method is very similar to meta
analysis (Cooper, 1998; Lipsey & Wilson, 2001), adding an emphasis on description of
each studyds contribution. 't i s Wdkso very s
Clearinghouse (209, with a few exceptions noted in the following sectig@ee Slavin
2008, for an extended discussion and rationale for the procedures used in both jeviews.

Literature Search Procedures

A broad literature search was carried iouan attempt to locate every study that
could possibly meet the inclusion requirements. This included obtaining all of the middle
school studies cited by the What Works Clearinghouse7j2@te middle and high
school studies cited by the National Reska&Council (2004), by Clewell et al., and by
other reviews of mathematics programs, including technology programs that teach math
(e.g., Chambers, 2003; Kulik, 2003; Murphy et al., 2002). Electronic searches were made
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of educational databases (JSTOR, ERHBSCO, Psychinfo, Dissertation Akegcts),

web-based repositoriea, nd educat i on pBedidesissaicleng Bykeywe b si t es
terms, we conducted searches by program name and attempted to contact producers and
developers of reading programs to checlethibr they knew of studies that we had

missed Citations of studies appearing in the first wa¥studiesvere also followed up.

Unlike the What Works Clearinghouse, which excludes studies more than 20 years old,

studies meeting the selection criteria &varcludedf they were published from 1970 to

the presentThrough these procedures we identified and reviewec than 508tudies

of secondary math interventions.

Effect Sizes

In general, effect sizes were computed as the difference between expatiand
control individual student posttests after adjustment for pretests and other covariates,
divided by the unadjusted control group standard devigB@). If the control group SD
was not available, a pooled SD was used. Procedures describegéy &ipVilson
(2001) and Sedimeier & Gigerenzor (1989) were used to estimate effect sizes when
unadjusted standard deviations were not available, as when the only standard deviation
presented was already adjustedsWweser covari at e
available. Schoelor classroorl evel SDo6s were adjuslkwld to app
SDés, as aggregated SD6s tend to be much sma
posttest means and SDO0s were prozesdont ed but a
pretests were subtractawim effect sizes for posttests. When effect sizes were averaged,
they were weighted by sample size, up to a cap weight of 2500 students.

Criteria for Inclusion
Criteria for inclusion of studies in this review wergf@fows.

1. The studies evaluated programs for middle and high school mathematics. Studies
of variables, such as ability grouping, block scheduling, and sseyie
classroomswere not reviewed.

2. The studies involved middle and high school students in giadi2splus sixth
graders if they were in middle schools.

3. The studies compared children taught in classes using a given mathematics
program to those in control classes using an alternative program or standard
methods.

4. Studies could have taken place in @owuntry, but the report had to be available
in English.The report had to have been published in 1970 or later.

5. Random assignment or matching with appropriate adjustments for any pretest
differences (e.g., analyses of covariance) had to be Regessiomiscontinuity
designs would have been included, but no such studies were located. Otherwise,
studies without control groups, such as-poest comparisongnd comparisons to
Aexpectedd gains, were excluded.
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6. Pretest data had to be provided, unless studied random assignmesftat least
30 units (individuals, classes, or schoais)l there were no indications of initial
inequality.Studies with pretest differences of more than 50% of a standard
deviation were excluded, because even with analyses ofi@ose, large pretest
differences cannot be adequately controlled for, as underlying distributions may
be fundamentally differentStudies in which treatments had been in place before
pretesting were excluded.

7. The dependent measures included quantitatieasures of mathematics
performance, such as standardized mathematics measures. Experimaziger
measures were accepted if they were described as comprehensive measures of
mathematics, which would be fair to the control groups, but measures of math
objectves inherent to the program (but unlikely to be emphasized in control
groups) were excluded. The exclusion of measures inherent to the experimental
treatment is a key difference between the procedures used in the present review
and those used by the Whabrks Clearinghouse.

8. A minimum treatment duration of 12 weeks was required. This requirement is
intended to focus the review on practical programs intended for use for the whole
year, rather than brief investigations. Brief studies may not allow progcams
show their full effect. On the other hand, brief studies often advantage
experimental groups that focus on a particular set of objectives during a limited
time period while control groups spread that topic over a longer period.

9. Studies had to have atl& two teachers and 15 students in each treatment group.

Appendix 1 lists studies that were considered but excluded according to these criteria,
as well as the reasons for exclusion. Appendix 2 lists abbreviations used throughout the
review.

Cateqorie®f Research Design

Four categories oksearch designs weidentified Randomized experiments
(RE) were those in which students, classes, or schools were randomly assigned to
treatments, and data analyses were at the level of random assignment. Vdbenasch
classes were randomly assignedthere weredo few schools or classes to justify
analysis at the level of random assignméme study was categorized asaadomized
guastexperimentRQE) (Slavin, 208). Several studies claimed to use random
assignment because students were assigned to classes by a scheduling computer, but
scheduling constraints (such as conflicts with advanced or remedial courses taught during
the same period) can greatly affect such assignments. Studies using schedulirtgrsompu
were categorized as matched, not randdatched(M) studies were ones in which
experimental and control groups were matched on key variables at pretest, before
posttests were known, whiteatched poshoc(MPH) studies were ones in whighoups
werematched retrospectively, after posttests were known. For reasons described by
Slavin (20®), studies using fully randomized designs lass likely to overestimate
statistical significanceyut all randomized experiments gneferable tanatched studigs
because randomization eliminates selection Biasng matched designs, prospective
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designs are strongly preferred to pbet or retrospective designs. In the text and in

tables, studies of each type of program are listed in this:dR@&mRQE, M, MPH.

Within these categories, studies with larger sample sizes are listed first. Therefore,
studies discussed earlier in each section should be given greater weight than those listed
later, all other things being equal.

Results
Mathematics Curricula

Much of the debate in mathematics instruction revolves around the use of
innovative textbooks or curricula. Tlearriculathat have been evaluated fall into three
distinct categories. One is innovative strategies based on the NBadardswhich
focus on problensolving, alternative solutions, and conceptual understanding. The most
widely used programs of this type, tbaiversity of Chicago School Mathematics Project
(UCSMB, Connected MathematicandCore-Plus Mathematicswere all created under
NSF funding. Anther category is traditional commercial textbooks, sudid@3ougat
Littell andPrentice Hal| that are also based on NCT3tandardsut have a more
traditional balance between algorithms, concepts, and problem solving. Finally, there is
Saxon Matha backto-the-basics textbook that emphasizes a-$tgstep approach to
mathematics.

In theSlavin & Lake (2008)eview of elementary mathematics programs and in
What Works Clearinghoug20(8 a, b)reviews of research on elementary and middle
school textboog, effects of alternative curricula were found tosbey small, and rarely
statistically significant.

Table 1 summarizebe qualifying studies of mathematics curriculahich are
thendescribedn detail.

NSFSupported Programs
University of Chicago School Mathematics Projéd€CSMP)

TheUniversity of Chicago School Mathematics Projgaé€SMB is the premier
example of researdbased mathematics reform in the UJBder National Science
Foundatiorand otheffunding, theUCSMPcreated and evaluated programs for
elementary and secondary schools. (The elementary programs are disseminated under the
nameEveryday MathematicsUCSMPmaterials published by SRAVicGraw Hill, are
by far the most widely used of the N&inded mathematics reform programs in schools
throughout the U.S.

The focus of all of th&/CSMPprograms is on putting into daily practice the
NCTM (1989, 20005tandards These programstrongly emphasize problesolving,
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multiple solutions, conceptuahderstanding, and applications. Calculators and other
technology are extensively used.

UCSMPis also the most extensively evaluated of all mathematics curricula. Many
of the studies lack control groups, or onlydisgeasures inherent to the program, and
therefore do not meet the standards of the present review. However, there are also several
studies that compatéCSMPand control students on measures that assess the content
studied in both groups, and these are reviewed here.

UCSMPTransition Mathematis

Hedges, Stodolsky, Mathison, & Florg986)evaluated th&J CSMPTransition
Mathematicgprogram in grades-9 PreAlgebra/General Mth classes. Twenty matched
pairs of classes were compared on the Scott Foresman General Mathematics scale.
Classes were @l matched at pretest. At posttest, 30% of students were allowed to use
calculators. Because calculators are a key pasG8MPbut were used (only
occasionally) in only on¢hird of control classes, analyses involving the students who
used calculatorsra biased toward thdCSMPstudents, as the study authors note.
Among the students who did not use calculators, there were no significant differences
(ES=0.08, n.s.).

Plude (1992) evaluatddCSMRTransitional Mathematicg a Connecticut
middle school. ighth graders in two classes usldG@SMPwere compared to those in
six traditional classes. Students were- jared posttested on the HSST General Math
assessment and the Orledtsnna PreAlgebra test. Students in thElCSMPclasses
gained more than contobn the HSST (ES=+0.28) but not on the Orlddasna
(ES=+0.04), for a mean effect size of +0.16.

Thompson, Senk, Witonsky, Usiskin, & Kaeley (2005) evaluated the second
edition of thetUCSMPTransition Mathematicprogram. In this study, four classes in
three diverse middle schools were matched with four control classes in the same schools,
using a variety of standard textbooks. Most students were in gra&8léhé High School
Subject TestéHSST)General Mattassessmentas used as a pend posttestAdjusted
posttestsion-significantlyfavored the control groufeG= 0.14, n.s.).

Swann (1996) evaluated thlCSMPTransition Mathematicprogram in a post
hoc matched evaluation in a suburban Lexington, South Carolina middle school. Seventh
graders who &d performed above the'7Bercentile on the South Carolina Basic Skills
Assessment Program (BSAP) in fifth grade uSezhsition Mathematics1 199394,
They were individually matched with seventh graders from the previous year who also
scored above the5" percentile on BSAP and had used traditional texts. There were 260
students in each group. At the end of seventh grade, there were no differences on the
Stanford Achievement TesBAT-8) total mathematics (ES6.07, n.s.). Looking at
subtests, howevethere were interesting patterns. Students inftla@sition Mathematics
classes scored significantly higher on Mathematics Applications (ES=+0.26, p<.001), but
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the control group scored significantly higher on Mathematics Computatior(qEB3=
p<.001). Tlere were no differences on Concepts of Number {€£38, n.s.). A subset of
72 highachieving students who took the PSAT in eighth grade were individually
matched with a control group difth grade BSAP scores. On PSATathematics the
Transition Mathematis students scored significantly higher than controls (ES=+0.32,
p<.05). Averaging the SA8 Total Mathematics and the PSMATathematics effect sizes
yields an average of ES=+0.12. The pattern of findings suggests that the effects of
Transition Mathematicfor these higkachieving students were to increase applications
skill (an emphasis of the program) at the expense of skill in computations.

UCSMPAIlgebra

A largescale cluster randomized experiment evaluating an early foth€8MP
Algebra Iwas reportedby Swafford & Kepner (1980). Teachers within 20 schools were
randomly assigned to experimental or control conditions in algagrexperiment. Of
these, 1Teachelpairs were used in the final analysékere were a total of 679
experimental and 611 cant students with complete prand posttest dat&@n the ETS
Cooperative Mathematics Test: Algebradjusted posttests favored the control group
(ES=-0.15). Posttest scores were not significantly different at the teacher level but were
significantly diferent (p<.001) at the student lev&here were modest positive effects on
a treatmenspecific test, but this measure did not meet the standards of the review.

Mathison, Hedges, Stodolsky, Flores, & Sarther (1989) evallXi&MP
Algebrain schools amss the U.S. The study compared eighth and ninth grade classes in
which students had or had not experiencedX@&MPTransitional Mathematics
program in the previous year and then experietn@8MPAIlgebraor alternative
programs. Classes of each typeevmatched on lowa Algebra Aptitude Test (IAAT)
scores and demographics. The posttest wad 8%T. Algebra. There were no significant
differences betweedCSMPand control classes, whether or not studbatspreviously
experienced ransitional Mathemat® The effect size was estimatede8=0.19.

Thompson, Senk, Witonsky, Usiskin, & Kaeley (2006) evaluated the Second
Edition of UCSMPAlIgebra Six classes in three diverse schools were matched with
control classes in the same schools. Control classgsaivariety of standard textbooks.
Most students were ninth gradetkCSMPand control classes were well matched at
pretest. At posttesHSST. Algebra),UCSMPand control students were not significantly
different, but the adjusted effect size was pesifES=+0.22, n.s.).

UCSMPGeometry
Thompson, Witonsky, Senk, Usiskin, & Kaeley (2003) evaluated the second
edition of UCSMPGeometryin eight classes located in four diverse schools in various
parts of the U.S. Most students were in gradé4.9n eactschool, twoUCSMPand two
control classes were identifig@ontrol classes used a variety of standard textbpoks
The report notes that dAwhere pUGSMPbI e, teach
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Second Editi-UCBMPgeémeér yomh e x titbecandedandprp. 18) , &
assignment was apparently not always possible, this is treated as a matched study.

The main outcome of interest widle HSST:Geometry, Form B. Students were
pre- and posttested on this measure. They werenvatthed at pretest. At ptest,
adjusting for pretests, there were no significant differences (ES=+0.08, n.s.).

Usiskin (1972) evaluated an early formWESMPGeometry. Eight teachers in
six schools served as the experimental group and nine teachers in seven different schools
using traditional texts served as controls. Students wer@pdeposttested on alternate
forms of the ETS Cooperative Tests in geometry. On posttests adjusting for pretests, the
control students scored at a significantly higher level, with an effecesizpated at
-0.47 (p<.01).

UCSMPAIgebra 1l

Hayman (1973see also Usiskin & Bernhold, 197&)aluated an early form of
UCSMPamong eleventh graders taking Algebrarkn UCSMPclasses were compared
with twelve control classes using standard textbo&@tsidents were prand posttested
on the ETS Algebra Il exam. There were no significant differences in adjusted posttests
(ES=+0.06, n.s.).

Across theenhigh-quality matched evaluations BICSMP, theweighted mean
effect sizewas only-0.10 It is important to note, however, thedme ofthe studies also
administered assessments specific tdt@&MPcontent, and on thesssessments
effects were positive. The authors of th€ SMPevaluations describe the findings as
indicating thatJCSMPstudents pdorm no worse than control students on traditional
measures, and they learn additional content not taught in the control classes. The
importance of the additional content taughUi@SMPis a matter of values and cannot be
determined in research of thendliemphasized here. All that can be said is that based on
research to dat€)JCSMPsecondary programs cannot be expected to increase
achievement on the type gatiandlobjecevessnur es t hat as
mathematics.

Connected Matbtmatics

The Comected Mathematics Project (CMR)appan, Fey, Fitzgerald, Friel, &
Phillips, 1998) is a probleroentered mathematics curriculum for gradeés ®©ne of the
NSFsupported curricula, it emphasizes connections between mathematical ideas and
their reallife applications, among different topics of mathematics, and between teaching
learning activities and student characteristitiglP lessons focus on complex problems,
addressing the NCTM (198%tandards

Clarkson (2001) evaluated tR®nnected Mathematics Pnam (CMP)in urban,
diverse middle schools in Minnesota. Eighth graders in two schools@smgected
Mathematicsvere compared tthose ina demographically matched school using
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traditional methods on a state Basic Skills Test (BST), controlling farfifteigrade

NALT scores. The schools had been ustumpnected Mathematidsr three years. At
posttest, BST scores were not significantly different ovelE8H-0.07, n.s.). Analyses

by ethnic groups found significantly higher achievement for White stadeCMP and
marginally higher achievement for African American students, controlling for pretests,
but Asian American students scored significantly better in the control group, and there
were no differences for Hispanic or American Indian subgroups.

Riordan & Noyce (2001) evaluatébnnected Mathematias a posthoc
matched experiment. Twentne Massachusetts middle schools that had Q& for
two to four years were contrasted with a set of comparison schools matched on baseline
state test scorepercent of students receiving fremnd reducegbrice lunch, ethnic
distribution, English language proficiency, and special education rates. Schools were
largelyWhite (89%) and noipoor (10% free/reduced lunch). A total of 34 comparison
schools (5587 stwhts) were identified for the ZZMP schools (1952 students). The
comparison schools used a variety of textbook programs.

The outcome measure was the Massachusetts Comprehensive Assessment System
(MCAS), given in eighth grade. Analyses of variance shoe¥ttts ofCMP to be
significantly positive (p<.001). Combining oneyédar school with 20-3 year schools,
the effect size was +0.23. Effects were similar for-freeh and nosfree-lunch students,
for students who were high, average, and low in profogpmance, for all subscales on
the MCAS and for each ethnic group (except that Hispanic students had particularly
large gains).

A follow-up of the Riordan & Noyce (2001) study was carried out by Riordan,
Noyce, & Perda (2003). Massachusetts schoalishtad use€€MP were rematched with
comparison schools due to one district dropping the program. A comparison of eighth
graders who had experienc€HIP for three years to those in matched comparison
schools who had also been in their schools for three whamwed small but statistically
significant differences on MCAS at the student level (ES=+0.09). A fellpw
comparison of tenth graders who had experie@dé through eighth grade and those
who had not showed no differences (ES=+0.02).

Schneider (2000carried out a pogtoc study ofConnected Mathemati¢sat was
similar in design to the Riordan & Noyce study. Twetltiee schools across Texas using
Connected Mathematiegere matched with2comparison schools, using a regression
formula to match sclads on predicted TAAS scores and demographic data. Then TAAS
data were obtained and analyzed as passing rates. Combining across schools that had
usedCMP for one, two, or three years, there were no differences in passing rates between
CMP and norRCMP schods. Studenievel differences were computed on the Texas
Learning Index (TLI), a score derived from TAAS that enables comparisons across
grades. The studetavel effect on TLI was not significant, and the effect size was
estimated ag¢ssentially0.00. Ths was true as well for a higlmplementing subgroup.
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Another oneyear matched pogtoc study ofConnected Mathematiegas carried
out by Ridgway, Zawojewski, Hoover, & Lambdin (2002; see also Hoover, Zawojewski,
& Ridgway, 1997). It compared sixth, sevenand eighth graders in nine schools in
various parts of the U.S. to matched schools, usually in the same districts. Matching was
done based on i a-buburbarunal designationn and djversityin b a n
student popul at i ogdemographit or ottewaridodetbetweenrGNiPp a r i n
and control schools were presented. Further, the matches were poor, with control schools
scoring significantly higher tha@MP schools in sixth grade ar@MP schools scoring
higher at pretest in eighth grade.ayses of covariance were used to attempt to control
for the initial differences.

Onthelowa Tests of Basic Skills (ITBS) there were significant differences
favoring the control group in sixth grade, possibly due to insufficient controls for the
substatial pretest differences. There were no significant differences among seventh and
eighth graders. Effect sizes across the three grades averaged nea6zefo02). On
average, differences were near zero for all subtests of the ITBS (computations, problem
solving, data, concepts, and estimation).

A large matched postoc evaluation o€onnected Mathematiegas reported by
Kramer Cai, and Merlino (2008). They identified 10 middle schools in 5 Pennsylvania
and New Jersey districts that useonnected Matmaticsfrom 1998 to 2005, and
identified an &erage of 6 comparison schofis each (control N=60 schools). The
schools werevell matched based on 1998 state test scores and demographics. At
posttest, in 2005, théonnected Mathematictored less wethan controls, in gains pe
year on state math tests (E846). Schools in which principals and teachers strongly
supported the program had better performance gains than those lacking such support.

In a matched pogioc comparison, Reys, Reys, Lapdolliday, & Wasman
(2003 evaluatedConnected Mathemati@s a middle class suburban middle school in
Missouri. Eighth graders who had ugednnected Mathematidsr three years were
compared on the Missouri Assessment of Performance (MAP) and TerraBigivis
grade scores on the same tests in the same schools were used for matching purposes, and
very close matchesere found At posttest, students who had experien€ednected
Mathematicsscored norsignificantly higher than controls on Terra Nova (ESZ260
n.s.) but norsignificantly lower on percent scoring proficient or advanced on MAP
(ES=0.09), for a mean of +0.01.

Across thesix qualifying studies o€Connected Mathematicthe median effect
size was0.05 indicating an insignificant effect fotamdardized tests. On the ITBS,
effects ofConnected Mathematiegere near zero not just on computations but also on
the kinds of outcomes more emphasized by NCTM Standestilstation, concepts,
problemsolving, and data (Hoover et al., 1997). Similaslypres on subtests of the MAP
(Reys et al., @03 did not show positive effects on subscales more closely aligned with
NCTM standards.
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CorePlusMathematics

Core-Plus Mathematicss a high schodiour-year integratedhathematics
curriculum funded by NSEhat is based on the NCTM (1989) Standards. It emphasizes
applications and mathematical modeling, use of graphing calculators, andyssoall
collaborative learninghrough problerbasednvestigations (Schoef Hirsch,2003.

A randomized evaluation @ore-Plus Mathematicsvas carried out by Tauer
(2002 in a middleclass suburb of Wichita, Kansd&arents and students signed up to
participate in a tweyear pilot study in grades 9 and 10. Students were randomly assigned
to experience eithéore-Plus Mathematicor the traditionaHeath McDougal Lig|
Algebra landGeometrytextbooks. Sixty students in the experimental group were
individually matched with sixty students in the control group. Two years later, 43
matched pairs remained. Pretest scorethe Kansas State Mathematics Assessment
(KSA-Math)were essentially identical for the experimental and control groups. At
posttestCore-Plus Mathematicstudents scored slightly higher than control on KSA
Math ES=+0.09. There were no differences oiKaowledge subscal&G=0.00, but
there wereslightly larger differences in ApplicationE6=+0.07. Core-Plus
Mathematics t udent s had a higher | ikelihood of
the KSAMath, 58.2% vs. 46.5%

Schoen & Hirsch (2003eported several evaluations@bre-Plus Mathematics
three of which met the standards of this review. In Study 1, ninth graders in a-middle
class suburban school in the South who qualified foralRyebra or nothonors Algebra
were randomly assigned @ore-Plus Mathematic{N=54) or to a traditional control
group (N=44). The two groups were weiktched on ITBS. After three years in the
Core-PlusMathematicgCourse 1, Course 2, and (in most cases) Course 3 programs, SAT
Math scores nosignificantly favaed theCore-Plus Mathematicggroup (ES=+0.28,
n.s.).

In a similar Study 2, ninth graders ilviadwestern city with a mixed
socioeconomic population who qualified for remedial mathematics through algebra were
randomly assigned tGore-Plus Mathematicor control conditions. Those in t&ore
PlusMathematicgroup took Course 1 in ninth grade and Course 2 in tenth, and some
took Course 3 in eleventh grade. The groups were well matched on CAT in sixth grade,
and on ACTs taken in the %br 12" grades, thre were no significant differences
(ES=t0.05, n.s.).

Study 3 evaluate@ore-PlusMathematicswithin 11 schools in various parts of
the U.S. Each school usit@pre-Plus Mathematicsn some but not all classes was asked
to designate a control group, andth grades within each scha®=525 in each group)
were individually matched ofall ITED Ability to Do Quantitative Thinking (ITED
ADQT) scores. At the end @ourse 1 iminth grade, th€ore-PlusMathematics
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students scored significantly higher gming ITED-ADQT scoregES=+0.19, p<.001).

A subset othesestudents (N=195 in each grougt)the end of Course(Bnth gradg
showed no differences in scoressumngITED-ADQT, adjusting for pretest differences
(ES=+0.04, n.s.).

Nelson (205) carriedout aposthocevaluation ofCore-Plus Mathematice 22
Washington State high schools that igddthe program for at least two years. These
schools were matched with 22 control schools on rgntéldlel TED-Quantitative scores,
percent free lunch, perceminority, and school enroliment. The two groups were very
well matched. At posttest, tenth graders in@loee-Plus Mathematicschools passed the
Washington Assessment of Student Learning (WASL) Mathematics scale at a
significantly higher rate (61.2% Vv85.7% passing), with an effect sizetdf.11 This
difference was statistically significant (p=.025) in schieokl analyses. Effects were
similar for lowrincome and other students.

Across five studies, the weighted mean effect size was +0.11, indicabdest
effects on mostly standardized tests of mathematics.

Mathematics in Context

Mathematics in Contex$ a NSFfunded program that, like other such programs,
has a strong emphasis on problem solving, multiple solutions, and NCTM (1989)
standards.The only qualifying study oflathematics in Contextas a sevefyear
matched poshoc evaluation by Kramer Cai, & Merlino (2008). In it, middle schools in
Pennsylvania and New Jersey that had bdathematics in Contextom 1998 to 2005
were carefullymatched based on 1998 scores and demographics with schools not using
innovative curricula. Each of 8 schools in 4 mostly White, middle class districts was
matched with an average of 6 similar schools in other districts for a total of 48 control
schools. The schools were compared in terms of gains per year on state tests. There
were no differences overall (E€x02), but schools with principals and teachers who
strongly supported the programs had positive effects while schools with poor support for
the pogram performed less well than controls.

Math Thematics
Math ThematicqBillstein & Williamson, 1999 is another NSFunded program
based on the NCTM (1989) Standards. It was evaluated in a matchdwpastdy by
Reys, Reysl apan, Holliday, & Wasma(2003. Middle schools in two middielass
districts usingViath Thematicsvere compared to matched middle schools in two
different districts. Eighth graders were compared on the MAP and the Terra Nova. The
schools were well matched on those measurey®ass earlier, beforglath Thematics
was in use. At posttest, District 1 students usfiagh Thematicscored significantly
higher than controls on Terra Nova (ES=+0.25, p<.005) and on percent of student scoring
proficient or advanced on MAP (ES=+0.18,@R). In District 2, Terra Nova differences
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were significant (ES=+0.24, p<.01) but MAP differences were not (ES=+0.03, n.s.). The
overall effect size across both districts and both measures was +0.18.

SIMMS Integrated Mathematics

The Systemic Initiativéor Montana Mathematics and Science Integrated
Mathematics (SIMM$M) program is an NSfunded curriculum developed as part of a
State Systemic Initiative. It uses an integrated approach to mathematics across-grades 9
12 that emphasizes problesolving, aplications, technology, and accommodations to
individual learning styles. Lott et al. (2003) reported several evaluatiddid/diS M,
but only one had pretest information and therefore met the inclusion criteria. That study
took place in El Paso, Texag,majority-Hispanic high schools. Ninth graders within
eight schools who experiencB8®MMSIM (N=60) were matched on eighth grade TAAS
scores with others who studied Algebra | using eithéEMPAIgebraor a Houghton
Mifflin text (N=65). After one year, tre was no significant difference on PSMT
although adjusted differences favored the control group{&&2, n.s.).

Integrated Mathematics

McCaffrey, Hamilton, Stecher, Klein, Bugliari, & Robyn (2001) studied the
effects of integrated mathematicsaiarge urban district that was the recipient of an
Urban Systemic Initiative grant from NSF. Tenth graders across 26 high schools were the
subjects. Students in the integrated mathematics courses used one of two curricula, the
Interactive Mathematics Progm (IMP)or College Preparatory Mathematics (CPM),
both of which are inquirpriented, problem based curricula that emphasize conceptual
understanding, routine and nooutine problem solving and cooperative learning. Both
integrate topics in mathematicsstead of teaching the traditional sequence of Algebra I,
Geometry, and Algebra Il. The study authors considdvi@landCPM so similar that
they analyzed them together.

Students selected themselves into traditional or integrated courses in thisdmatche
posthoc design. In the final analyses there were 733 students in integrated math classes
in comparison to 3976 in the traditional sequence, of which 2703 (68%) were in
Geometry, 604 (15%) in Algebra |, and 669 (17%) in Algebra Il. Onadfminth grade
SAT-9 openended tests, integrated math and traditional students were fairly well
matched £S=0.17), but at posttest, there were no differences, adjusting for pretests, on
the SAT9 multiple choice scale (ES=+0.03, n.s.) or the egeted scaleHS=+0.02,

n.s.), for a mean effect size of +0.03.

Interactive Mathematics Program
Thelnteractive Mathematics Program (IM® an NSHunded curriculum that
emphasizes problesolving, experimentation, and the teaching of-trawlitional topics
such as statisticand probability. Webb (2003) described three studies evaluMing
but only part of one of these met the inclusion criteria of this review. In that study; a post
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hoc matched comparison was used to contrast data obtained from the transcripts of
studentsn a suburban, ethnically diverse high school in California. Students who scored
in the 78" percentile or higher othe Comprehensive Test of Basic Skills (CTBS}™"

grade were the subjects. Those who had spent three yélsii® {grades 1612) (N=48)

were compared to students matched on Grade 7 CTBS who did not expBviEnce

(N=43). SAT scores at posttest, adjusted for pretest differences, were not significant
(ES=0.09, n.s.). Two additional studies found that students who participate in
scoredbetter on measures of the content studidtid but not in traditional high school
courses (e.g., statistics, probability), but as such these measures did not qualify for
inclusion in this review.

Traditional Textbooks
McDougal Littell Middle School Matland Algebra |

McDougal Littdl is a traditional textbook that is one of the most widely used
programs in middle schools. The publisher contracted with an evaluation company to
carry out an evaluation of their middle schowthematics prograifCallow-Heusser,
Allred, Robertson, & Sanborn, 200%)lassrooms were nerandomly assigned to use
eitherMcDougal Littél or alternative textbooks in a prospective matched design.
Teachers were selected to useM@Dougal Littdl program, and then comparison
classs in different schools were chosen to match experimental classes on demographic
factors. In the final sample there were nine treatment and eight control teachers.
Experimental and control samples were well matched on demographic f@riagest
composedf publicallyreleased items from the National Assessment of Educational
Progress, there were no differences in outcomes, controlling for pré&&stf.04).

Prentice Hall Algebra | and Course 2

Prentice Hall Algebra Is a traditional, commercial tébook. The publisher
contracted with a thirgharty evaluator to do an evaluation of the program (Resendez &
Sridharan, 2005). Ithe evaluation24 teachers within two middle and two high schools
in various parts of the U.S. were randomly assigned t®resdice Hall Algebra bbor any
alternative Algebra | program. Schools were mostly middle class and&waere
mostly white or Asian. Mosttgdents were in grades 8 orAthoughteacheilevel
analysesvere carried ouythere were too few teachers foregdiate statistical power, so
studentlevel analyses are emphasizentehand the study is considegedandomized
guastexperiment.

Three measures were administered at pretest and posttest: ETS Algebra, Terra
Nova Algebra, and a fotitem unstructuredegonse test based on items from the
Coll ege Boardodéos SAT Practice Test. At postte
the student level on any of the outcome measures. Effect sizes were +0.05 on Terra Nova
Algebra +0.05 on ETS Algebra, an@.22 onthe constructedesponse test, for a mean
ES=0.04. Patterns were similar for all subtests and ethnic groups, except that Asian
students gained more in tReenticeHall Algebra Iclasses than in control classes.
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A study by the same company evaluateentice Hall Course 2a traditional
seventh grade curriculum that emphasizes proportional reasoning. In this study (Resendez
& Azin, 200%), seven teachers 18 classes (9T, 90 three middle schoslin Virginia
and Ohio wer@andomly assigned to ugeentice-Hall Course 2or control curricula, also
traditional textbooksBecause the number of teachers was not sufficient for tebashredr
analysis, this was considered a randomized egigserimentThe students were seventh
graders in higipoverty, urbarschools; 83.4% qualified for freer reduceeprice
lunches, and about two thirds were African American. Experimental articbtstudents
were comparablen demographic variables.

Students were preand posttested on Terraia Math. Some of the pretest
differences favored the treatment group, but these were controlled for in the amstlyses.
posttestPrentice Hall Course 8tudents scored substantially higher than control
students, controlling for pretests. Effect sizes were2dobMath Total and +&7 for
Computations, after adjustment for pretests. In light of the great similarity between the
experimental and control curricula in two of the three schools, these results are difficult
to explain. A clasgevel HLM analysis with onlyine experimentaindnine control
classes showed statistically significant effects on Math Totdlhere werano
differences on Math Computations.

Backto-Basics Textbooks
Saxon Math

Saxon Maths a program that emphasizes teaching in small, incremental steps,
ensuimg mastery of each concept before the next is introduced. Previously learned
material is practiced throughout the year. The program emphasizes active teacher
instruction followed by individual student practice.

A prospective matched study in a disseoratby Lafferty (1994) compared two
middle schools in a suburb of Philadelphia. One school (five teacherspased Math
and one (three teachers) useddadisorWesleytext. Students were pttested in sixth
grade on the Metropolitan Achievement Test (M8) and posttested on the MAT At
pretest, th&Saxonstudents scored somewhat higher, but at posttest they scored
significantly higher, with an adjusted ES of +0.19. Differences were similar for
Mathematics Procedures and Mathematics Concepts andmrSblging subtests.

In a 1989 dissertation, Denson (1989) comp&axbn Algebrao a traditional
text among Southern California ninth graders, in a prospective matched design. Thirteen
ninth-grade classes @axon 6 control) within three high schoolseeve norrandomly
assigned to the two groups. The Comprehensive Assessment Program General
Mathematics and Algebra scales were used asapreposttests. Students in the two
groups were nearly identical at pretest. At posttest, the control group scoggdaitar
significantly higher than th8axon Algebrgroup ES=0.25, p=.08), controlling for
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pretests. Patterns of differences were similar for seven subtests and for high, average, and
low achievers, with two exceptions. Control high achievers scoreeéthilghnSaxon

high achievers on polynomials and radicals and quadratics subtests, causing the overall
mean (across all three student subgroups) to be significantly higher in the control group

on both subtests.

A prospective matched evaluation@dixon Méh was carried out in a dissertation
by Rentschler (1994) in two rural West Virginia schools. Seventh graders in one school
usingSaxon Matlwere compared to those in a similar school in a different county using
Silver Burdett Students were prand poststed on CTBS. The experimental group
scored nossigrificantly higher at pretest. At posttest, ANCOVAs found that students
who had experience8axon Matrscored significantly higher than controls on
Mathematics ComputationE$=+0.60, p<.001), but nesignificantly higher on
Concepts and Applications (ES=+0.18), for an overall mean effect size of +0.39.

Under contract to Harcourt, the publisheiSafxon MathResendez, Fahmy, &
Azin (2005) carried out a poesibc evaluation o6axon Mathn Texas middlechools,
grades 6. Fifteen middle schools that usdxon Mattwere matched with 15 schools
randomly selected from among 40 matched schools provided to the researchers by the
Texas Education Agency. The schools were well matched on prior state testfseeres
lunch, ethnicity, and other demographic factors, and were similar to Texas middle
schools overall on these factors, with 43%akonand 48% of control schools
qualifying for free lunch. Control schools used a variety of traditional curricula.

Among students who had three years of exposusaton Mathn grades €8,
Texas Learning Index (TLI) scores were significantly higher than for control students
(ES=+0.26, p<.001), using ANCOVAs controlling for pretests and percent
disadvantaged. Differensavere very similar at the end of sixth, seventh, and eighth
grades, and twgear and ongear effect sizes were +0.25 and +0.17, respectively,
indicating that there was little incremental gain$@xon Mattstudents after the first
year, beyond what wagen in the control group. Separate analyses of theybeze
gains found significantly greater performance am8agon Mattstudents who were
economically disadvantaged, minoritiesyiak, and in special education. Effects by
TAKS subscales were assedseparately for each grade, and differences consistently
favoredSaxon Matlon each of six subscalessaventh and eighth gradasd on four of
thesix subscalef sixth grade.

Another posthoc study also done under contract to Harcourt evali@dsh
Mathin Georgiamiddle schools (ResendezA&in, 200%). That study included an
evaluation ofSaxon Mathn elementary schools, which found no difference between
students irBaxon Matland control students at that level (see Slavin & Lake, 2006). The
middle school part of the evaluation compared 17 schools thaSased Mathn sixth
grade to 15 control schools, and3&xonand 12controlschools in seventh and eighth
gradesState CRCT dta analyzed at the school level showed no statistically signtfi
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differences, but means tended to favor$lagon Mathmiddle school students.
Individuatlevel effect sizesestimated from the aggregate statistics given in the paper,
were +0.07 for the total CRCT.

A smaller poshoc evaluation ocaxon Matlwas @rried out in a dissertation by
Roberts (1994). A total of 185 eighth graders in six schools in two rural Mississippi
districts were compared. Students in one district had experi&scexh MatHor three
years, and those in the other, in a different cgumd used a traditional text. The two
groups were well matched on sixth grade scores, althoudbatten Matrschools were
somewhat higher in percent African American (33% vs. 29%). The®#Was used as a
pre- and posttest, and Otleennon School Abilly Tests were also used as covariates.
Results indicated higher gains on the SAT for students in the control group than for those
in theSaxon Mathgroup ES=0.13). These differences were statistically significant on a
Math Computation subtest, but not ©oncepts, Applications, or Total Math, although
differences favored the control group on all subtests.

Saxon Algebra
A small yeaflong evaluation by Peters (1992) randomly assigned 36 eighth

graders to experien@axon Algebrar theUniversity of Chicag SchoolMathematics
Project (UCSMP) in a yeaflong study in a Nebraska junior high school. The subjects
were mathematically talented studefitise OrleandHanna Prognosis Test was used as a
pre- and post measure. The two groups were very similar at prAtgsosttest, scores
were not significantly different, with an effect size of +0.15.

Pierce (1984) evaluateshxon Algebran a suburban middielass high school
near Tulsa, Oklahoma. Ninth graders in Algebra | werenaodomly assigned by
schedulingcomputer to sections and then sections were randomly assigBegdn
Algebraor control conditions within teachers. Teachers taught either two or four sections
in the study, so each taught an equal number of experimental and control classes. Then
six classes were randomly selected from among the set of 18 for measurement. Because
there were too few sections for HLM analyses, this is considered a randomized quasi
experiment.

The groups were compared on the-efigear Lankton Firsi¥ear Algebra Test,
in analyses of covariance controlling for SRA math scores given before the experiment.
Pretest scores were very similar. There were no significant differences in posttests,
controlling for pretests. Adjusted posttest effect sizes slightly favoreflathen Agebra
classes (ES=+0.12). Effects were rmgnificant and near zero in each of ten subjects,
but the exception was graphic representation, on which the Saxon students significantly
outperformed controls. Graphing is a particular focus of the Saxon method.

A dissertation by Abrams (1989) compaf@akon Algebr&o control textbooks in
two middleclass Colorado districts, in a prospective matched design. Nine teachers in
three high schools participated, each teaching either Saxon or control classesdonly on
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taught both). Collectively, they taught 18 classes, of which nine were in each condition.
Most students were ninth graders. Students wereapeposttested on the Cooperative
Mathematics Tesfrithmetic scale and Mathematics Problem Solving Rart |
Undeastanding the blem The two groups were very similar at pretest.

The data were analyzed using teachers as both fixed and random factors. The
fixed effects model (similar to studelatvel analysis) found that the control group scored
significantly higker than those in th®axongroup ES=0.44). The differences were not
significant in the randoreffects (teachelevel) analysis, due to the small number of
teachers. Outcomes varied somewhat on different subtests, but adjusted posttests always
favored thecontrol group, though to different degrees.

Johnson & Smith (199&valuatedsaxon Algebran a oneyear prospective
matched study in an Oklahoma high school. Twelve classes weramdomly assigned
such that each of six teachers taught one clasg 8sixon Algebrand one using a
traditional textbook. Students in grades@were pretested on the SRA Mathematics
Composite test in spring, 1984, and posttested on the Comprehensive Assessment
Program Algebra | test in spring, 1985. At pretest, the stsdeere reasonably well
matched, and averaged above th@ @&rcentile. At posttest, in MANCOVAs adjusting
for pretests, there were no significant differences (E&¥. Across seven subtests there
were no significant differences on six, but the cordroup scored significantly higher
on Definitions and Theory.

A follow-up of the Johnson & Smith (1983ample in a dissertation supervised
by Johnson was carried out by Lawrence (1992), examining routine tests taken by the
participants as they moved thugh high school. Seventeen months after the end of the
original oneyear study there were no differences, controlling for pretests, on Preliminary
Scholastic Aptitude Test math scores. Twemtyg months later there were no differences
on MAT-6 or SRAMath scores. Thirtyfour months later there were still no differences
on MAT-6 or the American College Testing (ACT) Mathematics test, but there were
significant differences on the algebra subtest of ACathematics, favoring the control

group.

McBee (1982) omparedSaxon Matho a traditional textbook in seven Oklahoma
City high schools. In each school, one Algebra | teacher was asked to teach one section of
Saxon Mathand one of the traditional text. Assignment was nonrandom, but the groups
were well matchedn the California Achievement Test (CAT). On CAT postteSésion
Math students performed significantly higher than control stud&#s#0.17).Saxon
Math students also scored substantially better than control students on a local test, but
effect sizes ould not be determined.

Across 11 qualifying evaluations 8bxon MatrandSaxon Algebratheweighted
meaneffect size was +04], a modeseffect The What Works Clearinghouse geévaxon
Mathi t s highest rating, A p o ievolving gradesed. f ect s, 0 b
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However, this rating depended substantially on a study by White (1986), which did not

qualify for the present review because it used a teanhede test that may have been

slanted toward the objectives emphasizeSaron MathAlso, the White studydid not

qualify for the present review becaus@itolved only 46 students assigned by a
scheduling computer to two sections taught

Conclusions: Mathematics Curricula

Taken together, there we4@ qualifying studies evaluating various mathematics
curricula, with a median effect size of oM§.03. This isless tharthe effect size of
+0.10 for elementary mathematics curricula reporte8layin & Lake (2008)There
wereeightrandomized and randomized quagpermental studiesalsowith aweighted
meaneffect size of+0.03. Effect sizes were somewhat higher for 8axontextbooks
(weighted meaES=+0.H4 in 11 studies) than for the N&fpported textbooks (median
ES=0.00 in 26 studies) However the NSF programadd objectives not covered in
traditional texts, so to the degree those objectives are seen as valuable, these programs are
adding impacts not registered on the assessments of content coveréchatrakbntgsee
Confrey, 2006 Scheenfeld, 2006) Among tiree studiesf traditional math curriculeone
(of Prentice Hall Course Pfound substantial positive effects, but two found no
differences.

Computer Assisted Instruction

Computer assisted instruction (CAl) is one of the most common approaches
intenrded to enhance the achievement of students in middle and high schools. In their
review of research on elementary mptbhgrams, Slavin & Lake (2008und38
gualifying evaluations of CAIl programs, which had an overall median effect size of
+0.19. However the studies that used randomized or randomized -gxasrimental
designs (e.qg., Becker, 98 Dynarski et al., 2007 as well as the studies involving 250
students or moréended to findew effects of CAL.

At the middle and high school levels there three quite different applications of
CAl. One involvesupplemental CAbrograms such as Jostens/Compass Learnimg
which students work on computers perhapg.30ninutes per day, primarily to fill in
gaps in their prior knowledge. These approactiesimilar tothose evaluated at the
elementaryevel. A second approach, more comnimomiddle and high schools,
involvescore CAlapproaches in which the computer largely replaces the teacher,
providing core instruction, opportunities for practice, asseent, and prescription, all
tailored to the needs of each stud&xamples aré Can Learn Cognitive Tutoyand
PlatoThe teacherés role in those programs i s
encouragement, and answer questions, but not to prexidasive direct instruction. The
third approachgcomputermanaged learning systemsses a computer to assess students,
print out individualized assignments, score the assignments, and provide feedback to
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teachers on student asllegsons Ghis eategoryfcangistsoforee i n  t
program Accelerated Math

Quialifying studies evaluating CAl programs are summarized in Table 2.

Core CAl
Cognitive Tutor

Cognitive Tutoralso known a€arnegie Ajlebra Tutorand as th@ittsburgh
Urban Mathematics Project (PUMPIis an intelligent tutoring system thephasizes
algebra problem solving. Working on computers, students carry out investigations of
realworld problems using spreadsheets, grapherssyméolic calculators. For
example, students are given the harvest rate of old growth forests in the U.S. and use
algebraic notation to predict when they would be gone. Other problems involve choosing
between longlistance providers, estimating the cosaoéntal car, and checking the
amount of a paycheck. The computer gives students hints and provides scaffolding if
students make errors. The computerized lessons occupy only about 40% of their class
time during the school year. Between these lessons ndsuderk in cooperative teams
to solve problems similar to those presented by the computer, and teacheasiteach
Algebra | content.

In a large randomized quaskperiment in Maui, Hawaii, Cabalo & Vu (2007)
evaluatedCognitive Tutoramong students igrades 8L3. Seven teachers in 6 schools
each had their classes randomly assignétbgnitive Tutoror control conditions by coin
flip, so each teacher taught both experimental and control classes. There were a total of
11 classes and 281 students assigio theCognitive Tutorgroup and 11 classes and 260
students to control. About 55% of the students were Asian, 26% racitil, 14% White,
and 4% Hispanic, evenly distributed across conditions. Students were pretested on the
NWEA Math Goals Survey 6 standardized test. On adjusted NWEA-efidourse
algebra tests, there were no differences in overall scores (ES=+0.03, n.s.). Effects varied
somewhaby subtest. On Quadratic Equations, the control group scored significantly
higher than th€ognitive Twor group (ES=0.33, p<.01), and similar outcomes were
seen on Algebraic Operations (E®=25, p<.01). There were no differences on Linear
Equations (ES=0.04, n.s.) or on Problem Solving (ES= +0.02, n.s.).

An evaluation ofCognitive Tutotby Morgan &Ritter (2002) took place in four
junior high schools in Moore, Oklahoma. Ninth grade students wereamalomly
assigned to sections, and then sections were randomly assigned to learn Algebra | either
with Cognitive Tutoror with aMcDougal Littell HeathAlgekra | text. The outcome
measure was the ETS Algebra | esfecourse testThe evaluation was described by its
authors as a random assignment experiment, but this is only partially true. First, students
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were noarandomly assigned to classes. Then sestwere intended to be randomly
assigned within teacher, but for a variety of reasons the sample for which achievement
comparisons were made contained five (of 12)ramdomly assigned control classes.

No pretests were given, so any deviations from troda®m assignment were particularly
problematic, as they leave open the possibility that there were pretest differences that
may have affected the final results.

A subanalysis presented in the paper offers the only interpretable data. This
analysis compardabe scores of the twelve classes (6E, 6C) that were randomly assigned
within teacher. Because the classes were randomly assigned, it can be assumed that the
classes were not too far apart, on average, at pretest. However, this is a randomized
guastexperment, with analysis necessarily at the student level due to the limited number
of classes. For this subsample, effect sizes were estimated at +0.32, similar to the
estimate of +0.29 reported by the study authors for the full sample@bdmitive Tutor
ard 12 control classes.

Shneyderman (2001) evaluat€dgnitive TutorAlgebra lin six Miami high
schools. Students were in grades 9 and 10. Two classesQgingive Tutorand two
matched classes in the same schools using traditional textbook progratomeared.

The groups were essentially equivalent on FCAT pretests. On ETS Algebradf-End
Course assessments, used at posttest, studentdaoghgive Tutorclasses scored
significantly higher (ES=+0.22, p<.01). Effects were more positive for baysftr
girls. However, on FCAINRT posttests, there were no significant differences
(ES=+0.02), for a mean effect size of +0.12.

A matched study by Koedinger, Anderson, Hadley, & Mark (1997) evaluated
Cognitive Tutorin three Pittsburgh high schools, itiwh 50% of students were African
American. Twelve ninth grade Algebra | classes u€ingnitive Tutomwere compared to
five comparison classes. Students were well matched on prior year grades. At posttest,
students in th€ognitive Tutorclasses scoredgiificantly higher than controls on the
lowa Algebra Aptitude Test (ES=+0.35, p<.05).

In a 2001 dissertation, Smith (2001) evalua@edinitiveTutor in seven high
schools in urban Virginia. Students were those who had completadigetara the
previous yar, and were generally low achievers who took a tkezeester course
(higher achievers took the course in two
Standards of Learning (SOR)gebra | test were used as outcome variables, 3AtH-9
pretest scoreserving as covariates. Classes usdognitiveTutor were compared to
those using a traditional textbook program. Students were assigned to classes by a
computerized scheduling program, which does not ensure equivalence, but experimental
and control class were well matched on the SAT One problem with the study is that
there was substantial attrition from pte posttest, but the attrition was similar in
experimental and control groupst posttest, an analysis of covariance found no
difference betwae experimental and control groups. Students in the control group scored
slightly better than those taught wi@ognitiveTutor, after adjustment for pretests§=
0.07).

Corbett (2001) evaluatgdognitive Tutomwith seventh graders in two suburban
middle schools near Pittsburgh. Students were-ramtdomly assigned within schools to
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Cognitive Tutoror traditional control conditions. Students were-janed posttested on a
multiple-choice test comprised of released questions from the Pennsylvania PSSA,
TIMSS, and NAEP. There were no significant differences in analyses of covariance in
either school (ES=+0.01, n.s.).

In a similar study in the same schools the following year, Corbett (2002)
compared eighth and ninth grader€iognitive Tutorto those in tradional classes. On a
multiple-choice test using items from PSSA, TIMSS, and NAEP, there were once again
no significant differences (ES=+0.19, n.s.)

Acrosssevenstudies ofCognitive Tutoy theweighted meaeffect size was
+0.12. Thetwo randomized quasexperimers by Cabalo & Vu (2007) ant¥organ &
Ritter (2002) had eighted measeffect size of +A.7.

| Can Learn
| Can Learn(ICL) is a program for middle school mathematics that delivers core
lessons through interactive, multimedia software. Studeoitk at their own pace
through a series of lessons that include text, video, graphics, and audio. Students are
assessed and placed initially in a sequence of lessons, and are then assessed as they
compl ete units. The cl| asgngsrtoococoiatdaamengtheer 6 s r ol e
students and answer questionste@ch difficult material, and otherwise support the
computerized lessons, not to provide class lessons.

Kirby (2004a) evaluatetlCan Learnin a small randomized study. Eighth graders
in a schol in Hayward, California were randomly assigned@t or traditionallytaught
general mathematics classes. On California Standards(T&St§ controlling for CST
pretests, there were no significant differences (ES=+0.04, n.s.).

Kerstyn (2002evaluate | Can Learnin Tampa, Florida, following up on an
earlier study, Kerstyn (2001), reported beldmthis study, a larger number of eighth
grade classes (N=129) usihGan Learnwere compared to the rest of the students in the
district within each of théour math levels (Algebra |, Algebra | Honors, #8Jand MJ3
Advanced). FCAT scores were used as prel posttests. Hierarchical linear modeling
(HLM) was used, but fixed rather than random effects were reported, making the analysis
essentially equivald to an individualevel ANCOVA. In any case, differences were
small and nossignificant for Algebra | (ES=+0.05), Algebra | Honors (E&85), and
MJ-3 Advanced (ES=+0.03). In all three analyses, there were pretest differences favoring
the control groupThe weighted mean effect size across the four groups was +0.04.

Brooks (1999) evaluatd€L in Algebra | classes for gradesl® in Jefferson
Parish, Louisiana. A total of 10€L classes were compared to 67 traditional classes on a
textbook Algebra hchievement test. Adjusting for pretests, there were no differences in
scores at posttedE$=0.04, n.s.).
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Kerstyn (2001) carried out an evaluationi @an Learnamong eighth graders in
Tampa, Florida middle schools. Intact classes (N=59 pairs) u§iag Learnwere
matched with traditionallyaught classes on instructional time, prior achievement, class
size, and proportion of minority students. Four levels of math were studied: Algebra | (8
matched pairs), Algebra | Honors (8 pairs),-B1(porealgebra (33 pairs), and M3
Advanced (10 pairs).

Although district tests were also used, the main outcome of interest that was
consistent across all levels was the Florida Comprehensive Assessment Test (FCAT),
given in February. FCAT scores from the previgaar were used as covariates in
analyses of covarianceCan Learnand control students were waflatched at pretest in
all four levels. At posttest, tHeCan Learnclasses consistently scored higher, but none of
the differences were statistically sigo#nt, analyzed at the classroom level. Student
level effect sizes were +0.27 for Algebra I, +0.01 for Algebra | Honors, +0.06 f&, MJ
and +0.07 for M-B Advanced, for a weighted average of +0.08. District@rskemester
scores were similar, withCan Learnclasses scoring nesignificantly higher than
controls.

In a study in Collier County, Florida, Kirby (2004c) compared students in Algebra
| classes usintCL to those in matched control groups on the FCAT. Controlling for
pretests, théCL studentsscored higher (ES=+0.18, p<.02).

A posthoc matched evaluation €L took place intheNew Orleans Public
Schools (Kirby, 2008). Within 13 schools, studentsi@L were matched with students
in traditional classes in a semedtang experimentThe auhor described the study as
randomized, because students were assigned to classes by scheduling computer, and the
What Works Clearinghouse (2007) accepted it as such. However, use of a scheduling
computer does not ensure randomization or initial equatitthis case, pretest
differences were +Q10onITBS (p<.05)on Math Totaladifference thatvould be
unlikely if sucha large number of students (N=1360) were truly assigned at random.
After accounting for pretest differences, thi students scored maoskty but
significantly higher than controls (ES=+0,1<.001).

Kirby (2006b) evaluatetiCan Learnin a posthoc matched study involving low
achieving tenth graders in higioverty high schools in New Orleans. Students uking
Can Learn(N=166) were compared to students in matched classes in the same schools
using traditional methods (N=978)Can Learnstudents scored significantly lower than
controls on ITBS pretests but one semester later, LEAP posttests showed no difference,
yielding an adjusted ptisst of ES=+0.23, p<.001.

A small posthocevaluation by Oescher & Kirby (2004) compared ninth graders
taught usindCL or control methods in a Dallas high school. On the TAKS, adjusting for
pretests|CL students scored significantly higher (ES=+0g0,001).
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Acrosseightstudies, theveighted meaeffect size fol Can Learnwas+0.09.

Learning Logic Lab

Learning Logic Labs a selfpaced mastery learning computerized program used
as a core approach to mathematics. McKenzie (1999) evaluategram in a southern
Georgia high school. The school used a block schedule in which students studied Algebra
| 100 minutes per day for 3 I months, the eg
two Learning Logic Lalrlasses were compared to thosenn classes using traditional
methods. The final test from the Merrill Algebra I: Applications and Connections test was
used as a prand posttest. Pretest means favored the control group, but controlling for
these differences with analyses of covariatice control group gained substantially more
than the treatment group$=0.78, p<.001). Effects were similar for male and female
students.

The Expert Mathematician
The Expert Mathematiciaiis a program in which middle school studeake
taught to usé¢he LOGO pogramming language and proceed through a constructivist,
integrated series of computer and workbook activities emphasizing problem solving and
creativity. A small study evaluatinthe Expert Mathematiciawas carried out in a
dissertation by Beer (1997) in a suburban St. Louis middle school. Initially, 90 eighth
graders were assigned to Udee Expert Mathematiciaf2 classes) or thd CSMP
Transitionsprogram, designated as the control group (2 classes). Although the
assignment was describedraadom, the study is treated as matched because of its use of
a scheduling computer, not true random assignment. Also, there were substantial pretest
differences (ES#.46, p<.05) on the Math Concepts and Applications scale of a test
called Objectivesb$$t r ands, descri bed as a fApractice t .
di strict. o At posttest , -sgdfjcantsdifferamags f or pr et es
favoring the experimental students (ES=+0.38, n.s.).

Supplemental CAl
Jostens/Compass Learning
One ofthe most widely used and evaluated supplementary CAl programs was
originally calledJostensand is now calle€ompass Learnind.ike all integrated
learning systeml(S) programs,Jostens/Compass Learnipgovides an extensive set of
assessments, whiclhape students according to their current levels of performance and
then give students exercises designed primarily to fill in gaps in their skills. ILS models
also provide teachers with regular informat.i
are typially used for 15830 minutes per day, often®2days per week.

Hunter (1994) evaluatetbstensn grades 2B in rural Jefferson County, Georgia.
The part of the evaluation involving grade8 & described here. Chapter 1 students who
received 3@minute ahily sessions witllostendor 28 weeks were compared to those who
did not receive CAl, in a prospective matched design. Three experimental and three
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control schools were compared. Fifteen students at each grade level were randomly
selected for measuremeamdffect sizes were estimated at +0.37 for sixth graile4 for
seventh grade, and +0.34 for eighth grade, for a mean of +0.22.

New Century Integrated Instructional System

TheNew Century Integrated Instructional Systsnan integrated learning system
that uses individualized instruction along with animation and graphics. A study
commissioned by the publisher (Boster, Yun, Strom, & Boster, 2005) evaluated the
program among seventh graders performing one to two years below grade level in a
suburban Saamento County school district. Thirtyne percent of students qualified for
free or reducegbrice lunches, and 18% of students came from homes in which Spanish
was the primary language. Students were randomly assigned to conditions within six
junior highschools. However, significant numbers of experimental students were
excluded from the analysis because they did not complete enough computer activities.
Due to this systematic remowafl students from one group, the design was considered
matched rather timrandomized. Students in thiew Centungroup (n=139) were
expected to use the computers 90 minutes per week, while those in the control group
(n=167) did not use computers. On CST posttests, adjusted for preteblswti@entury
students scored sigrohntly higher (ES=+0.28, p<.004).

PlatoWeb Learning Network

ThePlato Web Learning Networis an integrated learning system that has been
evaluated as a remedial program. In awBgk study of AfricamAmerican students in
innercity Miami high schoolsThayer (1992) evaluated useRiato and another
program calledCSR Students were those who had scored in the first or second stanines
on the SAT, and were in a remedial math course. Those in the experimental group were
given one hour per week Blato, CSR or both. Each of seven teachers in two schools
taught at least one CAIl and at least one control class. On the State Student Assessment
Test, there were no significant differences at posttest controlling for pretests (ES=+0.21,
n.s.).

In a small, m&ched comparison, Baker (2005) evaluated use dPldu® Web
Learning Networkn remedial algebra classes in Aldine, Texas. Students (N=59) using
Plato were compared to matched students (N=63) in a traditional teaehtared
classroom. Adjusting for prests, thd”lato students scored nesignificantly higher on a
district benchmark assessment (ES=+0.29, n.s.).

SRA Drill & Instruction

Dellario (1987) studied the use of SRA drill andtructionsoftware among low
achieving ninth graders in high schooisSouthwestern Michigan. Students with stanine
scores of 43 in one school using CAl in reading and math were compared to those in two
other schools. The samples were well matched in demographics. Growth scores on the
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Stanford Diagnostic Mathematics T€SDMT) were significantly higher for the CAl
students than for controls (ES=+0.36).

Other Supplemental CAI

The largest randomized evaluation of compiatesisted instruction in
mathematics was carried out by Dynarski et al. (200Wjo oneyear compasons were
made, one in sixth grade math and one in algebn&se studies are particularly
important not only because of their size and use of random assignmealstiiecause
they assess modern, widalged forms of CAl, unlike the many studies afler
technology reported in this section.

The sixth grade study involved 28 schools in 10 districts throughout theTUeS.
schools were relatively disadvantaged, with 65% of students qualifying for free or
reducedprice lunches.Overall, 35%of participantsvere Hispanic, 34% White, and 31%
African American. Schools were randomly assigned to use one of three programs,
Larson PreAlgebra, Achieve NoworiLearn Math Then within schools teachers were
randomly assigned to use the school's pmagrato continue using their usual methods.
The report does not break out results by program, however, so it is only possible to
describe combined impacts across all three.

A total of 81 teachers were randomly assigned (47E, 34C), serving 3,186tstud
(1878E, 1258C) Students were prand posttested on the Stanford 1@djusting for
pretests and other covariates, the differences were very small, with effect sizes of +0.07
(n.s.) for Procedures, +0.05 (nj Problem Solving, and +0.07 (n.syerall.

The algebra study used a very similar design with secondary students taking
Algebra 1. In this comparison, 23 schools in 10 districts were invol$ddents were at
different grade levels, but were 15 years old on averkidb/-one percentfathe students
received freeor reduceeprice lunches, 43% were White, 42% African American, and
15% Hispanic.Schools were randomly assigned to Gegnitive Tutor, Platpor Larson
Algebra. A total of 69 teachers (39E, 32C) were randomly assignedrvathools, with
1404 students (774E, 6300pn ETS Enebf-Course Algebra Exams, adjusting for
pretests and other covariates, effect sizes wel® for Concepts (n.s)0.06 for
Processes (n.s.), +0.02 for Skills (n.s.), @&n@6 overall (n.s.).

Beder (1990) carried out a large evaluation of the use of CAl in middle schools,
grades 8. Fifty schools around the U.S. were recruited. In each, teachers were asked to
designate similar classes, one of which would use any of a variety of CAl software
(mogly Milliken Math) and one of which would serve as a control group. Schools agreed
to use CAl at least 30 hours over the course of the school year, although not all schools
did so. In 24 of these schools, the researcher was able to randomly assign giudants
or control classes. Students were-amed posttested on the Stanford Achievement Test,
which was adjusted for whatever pretests were available and transformedoui@z.
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For the 24 researcheandomized schools, there were no significant tbffiees (adjusted

ES=+0.06 for Computations, +0.08 for Applications, +0.07 overall). These outcomes

were similar to those for all 50 pairs in t
faithful i mpl ementationso (ES=+0.05).

Moore (188) evaluatedMilliken Mathematicsn grade 78 classes for very low
achieving students, half of whom were in special education. Students (N=117) were
randomly assigned to four classes, two of which used CAI plus-€Abmdividualized
approach and two of which used a texab@rogram. Students were well matched at
pretest. At posttest, CAl students scored marginally significantly higher (p=.063) on a
district math placement test, controlling for pretests (ES=+0.24).

Bailey (1991) carried out a small randomized evaluatice Hampton, Virginia
high school. Lowachieving Math 9 students (N=46) were randomly assigned to receive a
variety of supplemental computer lessons or to continue without CAl. Students were
randomly assigned to two CAI or two control teachers. At posttestrolling for
pretests, the CAI group scored substantially higher on ITBS (ES=+0.69).

Hoffman (1971) studied the effects of giving secgedr algebra students
opportunities to learn and apply BASIC computer programming. Students in two Benver
area hgh schools were nerandomly assigned to experimental and control classes within
schools, and two classes at each school were randomly assigned to conditions, making
this a randomized quaskperiment. Scores on the Cooperative Mathematics Test,
Algebra 1, were not different at posttest, controlling for pretest scores (ES=+0.11, n.s.).

In a 13week experimental in a Knoxville, Tennessee high school, Davidson
(1985) studied the use of CAl with leachieving Chapter 1 students. Five classes
serving grade8-12 were randomly assigned to CAl or control conditions, which were
identical except for the use of the computers. A variety of software chosen by the
teachers was used in the CAIl groups. Students werameposttested on the
Metropolitan Mathematicabktructional Test. On analyses of covariance, there were no
significant differences (ES=+0.16, n.s.).

Portis (1991) evaluated an application of CAl in an integrated, low to middle SES
junior high school in Charlotte, North Carolina. Eighth and ninth gsaid®k Algebra |
in classes in which there were 30 computers\&addch software. Teachers had the
option of assigning all students to work on the computers, to work with small groups and
assign the remainder to work on the computers, or to teach the elass without
computers. The comparison classes were students who had taken Algebra | the previous
year in the same school. On a state-efidourse Algebra | test, controlling for CAT
pretests, CAl students scored significantly higher (ES=+0.91, px.Ubé&re was an
interaction with grade level, such that the differences favoring CAl were greater in the
ninth grade than in the eighth, but there were no interactions with gender or race.
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Chiang (1978) evaluated the outcomes of an authoring system et sghelp
teachers create their own CAl lessons. Special education students in matched CAl and
control classes in four junior high schools were compared in terms of gains on the Key
Math Diagnostic Arithmetic test. The mean effect size was +0.19.

Saundes (1978) evaluated the provision of 25 minutes per week of computer
resource materials (called t@®@mputer Resource Boolo students in secongear
Algebra. Students in grades-1@ in a suburb of Pittsburgh were assigned to CAI (2
classes) or control (@asses). On the Cooperative Mathematics Takgsbra Il,
controlling for pretests, there were no significant differences (ES=+0.14, n.s.).

An early CAI study by Jhin (1971) compared Algebra Il students in an Auburn,
Alabama high school taught traditalty or with supplemental CAI. Two matched
classes were compared at-aad posttest on the Cooperative Mathematics Tests
Algebra Il. Controlling for pretests, there were no differences at posttest (ES=+0.16, n.s.).
However, results differed by pretestdds. High achievers gained significantly more in
the CAl treatment (ES=+0.48, p<.05), but there were no differences for middle achievers
(ES=+0.17, n.s.) or low achievers (EB:20, n.s.).

A semestetong study by Clarke (1993) evaluated two forms ofl.G2ne used an

ordinary CAl approach designed in collaboration with IBM consultants, and the other
used an audinteractive touch screen. Students were assigned to the groups by choosing
every fifth name from a list of lovachieving students, tenth graslevho scored between

the 10" and 4%' percentiles on CTBS. At posttest, controlling for pretests, there were no
significant differences. Effect sizes were +0.15 for the touch screen and +0.10 for
ordinary CAl, for a mean of ES=+0.13.

In a large matchedosthoc comparison, Watkins (1991) evaluated a
supplemental CAIl program call&toject IMPACin 180 Arkansas schools. Ninety
schools usingroject IMPACwere matched with 90 neiMPAC schools on the MAT6
in 1981, before the program began. The study dediuschools that begdPAC in
years from 1983 to 1987, and the posttest was 1989 scores, so schools could have used
the program for from 2 to 6 years. Tenth grade soeeze used as posttests. Comparing
gains from 1981 to 1989, there were no differerma/eenProject IMPACand control
schools (ES=.01

A posthoc matched study by Ngaiyaye & VanderPloge (1986) evaluated various
CAIl models in two innecity Chicago schools. CAl and control studem®stly in
grades 63, were identified within the schés Differences favored the CAI group in one
school but not the other, for a mean of ES=+0.10.

McCart (1996) evaluated the use of the WICAT ILS withisk eighth graders in
rural New Jersey. The CAI students used WICAT for 30 minutes twice a wegk for
months Control students did not have access to CAIl. On a state Early Warning Test,
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students in the CAIl group scored substantially better than those in the control group,
adjusting for pretest&£G=+1.20, p<.001).

ComputerManaged Learning Systems
Accderated Math

Accelerated Mati{AM) is a technologyenhanced progress monitoring and
instructional management system. In it, students take a corguidptive test, and based
on this the computer generates appropriate practice exercises. After compeseng th
exercises, students feed a scglreet into a scanner, and the computer gives feedback to
the student and his or her teacher. Teachers may use information from the computer to
guide their classroom instruction, but the main focus is on providing sugptel
individualized practice to help students fill in gaps in their mathematics understanding.
Accelerated Matlis not atypical CAl program, in that the computer is used only for
assessment, prescription, and scoring. Students do their actual exarasesputer
generated paper. However, the program is very similar to a CAl program in that it
provides supplemental, individualized practice and feedback to students and teachers.

Ysseldyke & Bolt (2006) carried out a ydang randomized quasixperimento
evaluateAccelerated Matln classrooms located in three middle schools in Mississippi,
Michigan, and North Carolina. Classrooms were randomly assigned within teachers, so
that each teacher taught at least Ahkand at least one control class. Contlakses
used a variety of traditional textbooks. Experimental and control groups were similar in
demographic compositions. Students were anel posttested on the Terra Nova. The
groups were similar at pretest. At posttest, there were no difference®(&8=.s.).

Outcomes were somewhat more positive on a STAR Math assessment, but this test,
developed by the same company and used in the program, was more closely aligned with
AM than with the control treatments, and did not qualify for this review.

Gaaldert (2001) evaluateticcelerated Matlin PreAlgebra, Algebra |, and
Geometry classes in a Kansas high school. One teacher of each subject tadyht one
and one control class. This prospective matched study took place over one semester.
Students were prand posttested on tIBAT-9. Classes were adequately matched at
pretest. Posttest differences favoredAMeclasses to different degrees in each subject.
After adjustments for pretests, effect sizes were +0.09 feARebra, +0.62 for Algebra
I, and 40.35 for Geometry, for a mean of +0.35.

Atkins (2005) evaluateAccelerated Matln grades 8 in a school in rural East
Tennessee. Terra Nova posttests were compared for students who participdeahoh
those who did not, controlling for Terra Noveefests. The adjusted posttests
significantly favored the control groug$=0.26, p<.001).

Acrossthreestudies, theveighted meaeffect size folrAccelerated Mathvas
-0.02
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Conclusions: Computekssisted Instruction

A total of 40 qualifying studiesvaluated various forms of computessisted
instruction. Overall, the median effect size wa€080No program stood out as having
notably large and replicated effecthere werdew differences among programs
categorized as coreneighted mealeS=+009in 17 studies) andsupplementgbrograms
(weighted meaS=+007 in 20 studies) Computermanaged learning systems (ES=
0.02in 3 studies)had lower effect sizes

Instructional Process Programs
Instructional process programs are approaches to maibhsmeiorm that
emphasize extensive professional development to help teachers use effective teaching
strategies. Studies in this category typically hold constant the textbooks, content, and
objectives used in experimental and control groups. What is cthangehe teaching
methods, not the content.

Instructional process programs used in secondary sk further divided
into six subcategories:
Cooperative learning
Metacognitive strategy instruction
Individualized instruction
Mastery learning
Comprelensive school reform
Table 3 summarizegualifying studies of instructional process approaches.

abrwnE
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Cooperative Learning
Student Team#chievement Divisions

Student Teamachievement Divisions (STAB)a cooperatie learning program in
which students work in-fnember heterogeneous teams to help each other master academic
content. Teachers follow a schedule of teaching, team work, and individual assessment. The
teams receive certificates and other recognition basdbe average scores of all team members
on weekly quizzes. This team recognition and individual accountability are held by Slavin (1995)
and others to be essential for positive effects of cooperative learning.

Slavin & Karweit (1984) carried out a largyearlong randomized evaluation 8fTADiIn
Math 9 classes in Philadelphia. These were classes for students not felt to be ready for Algebra I,
and were therefore the lowesthieving students. Overall, 76% of students were African
American, 19% were Wte, and 6% were Hispanic. Foiftyur classes in 26 junior and senior
high schools were randomly assigned within schools to one of four cond®dA&, STAplus
Mastery Learning, Mastery Learningr control. All classes, including the control group,duse
the same books, materials, and schedule of instruction, but the control group did not use teams or
mastery learning. In thiglastery Learningconditions, students took formative tests each week,
students who did not achieve at least an 80% score reaa@uedtive instruction, and then
students took summative tests. Results relating tMtstery Learningondition are described
in more detail unde¥lastery Learninglater in this paper.

Shortened versions of the CTBS in mathematics served asangiosttest. The tests
were shortened by removing every third item, to make it possible to give them within one class
period.

The four groups were very similar at pretest. On 2 x 2 nested analyses of covariance
(similar to HLM random effects analyses),the was a signi ficant effect
(ES=+0.21, p<.03)The effect size comparirgTAD + Mastery Learningp control was
ES=+0.24, and that f@TADwithout Mastery Learningvas ES=+0.18. There was no
significantMastery Learningnain effect oteamsby mastery interaction either in the random
effects analysis or in a studdetel fixed effects analysis. Effects were similar for students with
high, average, and low pretest scores.

Nichols (1996) evaluate8TADIn a randomized experiment in higbhool geometry
classes. Students were randomly assigned to expef@dmdefor the first 9 weeks of the 18
week experiment, for the second 9 weeks, or neither (control). The control group used a lecture
approach for the entire 28eek period. At the endf 18 weeks, botlSTADgroups scored higher
than controls on a measure of the content studied in all classes, controlling for ITBS scores
(ES=+0.20, p<.05).
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In a randomized quasixperiment, Barbato (2000) evaluated a cooperative learning
method similara STADIn tenth grade classes taking the New York State integrated mathematics
course, Sequential Math Course Il. The same two teachers taught eight sections. Four sections
were randomly assigned to experience cooperative learning and four continuddionah
methods. All classes used the same textbooks and content, and differed only in teaching method.
On the New York Integrated Math Test for Course I, controlling for Course | scores, students
taught using cooperative learning scored substantiajlyeni(ES=+1.09, p<.001). Female
students gained more than males from cooperative learning, but the gender by treatment
interaction was not statistically significant.

Reid (1992) evaluated a cooperative learning model simil&T£&D in which there was
competition among heterogeneous learning teams, in an entirely Afitanican school in
innercity Chicago. Seventh graders who participated in cooperative learning were compared to
matched control students. On posttests adjusted for pretests, the tteepeaaning groups
scored significantly higher on th€BS (ES=+0.38, p<.05).

Across four studies, three of which used random assignment to conditiowgighé=d
meaneffect size folSTADwas +0.42

PeerAssisted Learning Strategies (PALS) and @uinm-Based Measurement (CBM)
PeerAssisted Learning Strategies, or PALS (Fuchs, Fuchs, Hamlett, Phillips, & Bentz,
1994) is a cooperative learning strategy in which students work in pairs to help one another
master academic content. CurricukBasedVieasuremenbr CBM (Fuchs & Fuchs, 1991) is a
method in which students are assessed once a week on progress toward success on course
objectives and are given help if they indicate problems. The experimental treatment combined
PALSandCBM. Ten classes with 9&udents with learning disabilities in grade$2®
participated in a 1bveek study by Calhoon & Fuchs (2003). Three teachers each taught both
PALS/CBMand control classes, which were randomly assigned within teacher. Despite random
assignment of classeabere were substantiglmore AfricarAmerican students ithe
PALS/CBMgroup (64% vs. 38%) artie PALS/CBM group scored higheretest
(ES=+0.37). However, the pretest differences were controlled for in the analyses.

Only 56 students were prand msttested on the Tennessee Comprehensive
Achievemenf(Test (TCAP). Adjusting for pretests, TCAP posttests favored the control group
(ES=-0.30, n.s.). Differences favored the experimental group on experinmeatky tests of
computations, and there were nffatences on experimentenade tests of applications, but
these were considered aligned with the treatment and therefore did not meet inclusion criteria.

IMPROVE

IMPROVEIis an approach to mathematics that combines cooperative learning,
metacognitive inguction, and mastery learning, developed in Israel by Mevarech & Kramarski
(1997). The name stands for the seven main elements of the approach:

I ntroducing new concepts
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M etacognitive questioning
Practicing

Reviewing and reducing difficulties
Obtaining matery

Verification

Enrichment

IMPROVEwas designed as an alternative to ability grouping, to accommodate student
diversity in heterogeneous classesthia programstudents work in small, heterogeneous
groups. After the teacher introduces the concepasients work in their groups to ask and
answer metacognitive questions in which students ask each other to articulate the main problem,
categorize it, choose an appropriate solution strategy, and identify similarities and differences
with other problemsheyhavehad. After about 10 lessons, students take a formative test on the
unit content. Those who do not achieve a score of at least 80% are given corrective instruction,
while others do enrichment activities. Finally, students who received corrediugction take a
parallel test.

Kramarski, Mevarech, & Lieberman (2001) evaludtd®ROVEin three Israeli junior
high schools. The schools were randomly assigned to one of three treatMBR&VEIn both
math and English as a foreign langudi®?ROVEIn math only, and control. However, since
there was only one school (and two classes) per treatment, this was a randomized quasi
experiment. Seventh graders were pretested on a test of elementary math and posttested at the
end of the year on a comprehemstest of the content studied in all three schools. Combining the
two IMPROVEgroups, pretests were similar, BMPROVEstudents scored substantially higher
than control students at posttest, controlling for pretests (ES=+0.79).

Mevarech & Kramarski (197, Study 1) evaluatdPROVEiIn four Israeli junior high
schools over one semester. Three seventh grade classéSIB&VEand five served as
matched controls, using the same books and objectives. The experimental classes were randomly
selected (not rdomly assigned) from among those taught by teachers with experience teaching
IMPROVE and matched control classes were randomly selected as well. Students weme pre
posttested on tests certified by the Israeli superintendent of mathematics aalfajraops.
Pretest scores were similar across groups. On analyses of covariance with classes nested within
treatments, treatment effects significantly favoredMi@ROVEclasses on scales assessing
introduction to algebra (ES=+0.54) as well as mathealat@asoning (ES=+0.68), for an
averageeffect sizeof +0.61. Effects were similar for low, average, and high achievers.

In a second study (Mevarech & Kramarski, 1997, StudiMPROVEwas once again
evaluated in four Israeli junior high schools, thmse over a full school year. In this study, six
IMPROVEand three matched control classes were randomly selected as in Study 1. On an
algebra test, a nested analysis of covariance found significant differences faMtRQVE
(ES=+0.25). As in Study 1, feicts were very similar for low, middle, and high achievers, and on
four of five subtestsAveraging the three studies, the weighted mean effect sizZRIRROVE
was +0.52.
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Metacognitive Strategy Instruction

A key component of IMPROVE, described abogahe usef metacognitive strategy
instruction, or seffegulated learning. In these methods, students working in small groups are
taught to ask themselves aloud questions of comprehension, connections and
similarities/differences with previous problerappropriate strategies, and reflection.
Component analyses by the creators of IMPROVE have evaluated metacognitive strategy
instruction independently of the full model.

Mevarech, Tabuk, & Sinai (2006) evaluated the metacognitive strategy instruction
aspects of IMPROVE in a randomized qua&siperiment among eighth graders in an Israel
junior high school. Four classes were randomly assigned either to a cooperative learning program
with metacognitive strategy instruction or cooperative learning withowsaoghitive
instruction.Students were prand posttestedn experimentemade measures not aligned with
the treatments. Students in the metacognitive strategy instruction and cooperative learning group
(N=43) scored significantly higher than cooperate@rhing only students (N=57) (ES=+0.21,
p<.05).

In a fivemonth study in four Israeli junior high schools, Kramarski & Hirsch (2003)
compared eighth graders who received metacognitive strategy training to those who did not. Four
classes in four differersichools were randomly assigned to treatments, making this a randomized
guastexperiment. Students were peand posttested on experimenteade algebra tests
unrelated to the metacognitive treatments. On adjusted posttests, students who received the
metaognitive strategy instruction (N=20) scored substantially better than control students
(N=20) (ES=+0.56, p<.05). In addition, students who received the metacognitive treatment and
computerassisted instruction (N=20) scored better than those who receirguliterassisted
instruction alone (N=23) (ES=+0.78, p<.0Byeraging these comparisons, the overall effect
size was +0.67.

Individualized Instruction

Bull (1971) carried out a randomized evaluation of individualized instruction in an-upper
middle classuburban high school near Phoenix, Arizona. The individualized treatment involved
allowing students to choose their own learning experiences to meet teatdtdrshed
objectives, with the teacher providing a great deal of assistance to individuamalhgreups.
Students were also encouraged to help each other. Students in two geometry classes were
randomly assigned to individualized instruction (N=68) or traditional instruction (N=68), using a
table of random numbers. Two teachers were randomlyreessig teach either individualized or
traditional classes in the morning, and they switched treatments in the afternoon.

There was no pretest, but there were adequate numbers of students randomly assigned to
assume that pretest differeneese negligibe. On a standardized Midear Geometry Test,
given at the beginning of the second semester, the individualized instruction group scored at a
significantly higher level (ES=+0.55, p<.01).
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Morton (1979) evaluated an approach to algebra in which studentsdvibiough a
series of teachenade instructional activities at their own pace. Two teachers worked together in
a team with 76 ninth graders. The students in this program in a suburbanoutfichigh school
were compared with conventionaligught studenti two similar high schools. Students were
pre- and posttested on the Lankton Fiya&ar Algebra Test. At posttest, controlling for pretest,
the students in the individualized instruction group scored marginally higher than those in the
control group (ES#0.19, p<.10). Outcomes were very positive among students who had scored
lowest on the pretest (ES=+0.54), but there were no differences for average achievers
(ES=+0.17) or high achievers (E®-13).

Mastery Learning

Mastery learning (Block & Anderson916) is an approach to instruction intended to
bring all students to a pestablished level of mastery (such as 80% correct) on a set of
instructional objectives. Students are taught to-deefined standards, formatively assessed,
given corrective instretion if needed, and then summatively assessed.

Slavin & Karweit (1984), in a study reported earlier, carried out a randomized evaluation
using a 2 x 2 factorial design, in which leghieving Math 9 students in Philadelphia junior and
senior high schoslreceivedsTAD(a cooperative learning approach), mastery leari8igD+
mastery learning, or control. The mastery learning vs. control comparison involved 21 randomly
assigned classes, and 298 students. Control students used the same texts ahedasiotc
instruction as mastery students, but did not experience formative assessment or corrective
instruction, the core elements of mastery learning. Nested analyses of covariance (similar to
HLM) compared treatments. There were no significant diffe¥gmn the math test, a shortened
form of the CTBS, controlling for CTBS pretests. The studieve| effect size comparing
mastery learning and control classes was +0.01.

A study innorthern Montana by Olson (1988) evaluated mastery learning in gradds 7 an
8. Each of nine teachers in nine schools taught two or more classes of seventh or eighth grade
mat hemati cs. Each teacher taught at | east one
without, but the mastery learning comparison involved matched classess teachers. The
studyés duration was one semester-andf rom Septe
posttested on th8AT. The mastery learning group scored higher at pretest (ES=+0.30).
Analyses of covariance found no differences on posttests edjimstpretests (ES=+0.02).

A form of mastery learning called tihehievement Goals Prograwas evaluatetly
Sullivan (1987)n a San Diego junior high school among {performing eighth graders. Sixty
students were assigned by computer schedulingdackassesyhichwere similar at pretest.
Students were prand posttested on the CTBS. On Math Total, the mastery learning class
scored significantly higher (ES=+0.22). Differences weresignificant on Computations
(ES=+0.13) and on Concepts and Apations (ES=+0.10).

Anderson (1988) evaluated mastery learning in two middle class, mostly, White
junior high schools. Mastery learning was used in Algebra | classes in one school, and the second
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served as a control group. There were two classexcimshool. Both schools used the same
textbook. Students were pretested on the Orlémah Algebra Prognosis test and posttested
on the FEPIII Algebra Endof-Course test. Pretests favored the Mastery Learning classes, but
posttests adjusted for prete showed no differences$%=0.05).

Monger (1989) compared mastery learning and control students in two middle schools.
Thirty-five seventh graders were selected within each school by choosing every third or fourth
student. Students were pend postisted on the MAT. In analyses of covariance, the control
group scored significantly better on Mathematics Total (BS34) and Concepts (ESx42),
and nonsignificantly better on Computations (E®-8) and Problem Solving (ES%07) for a
mean effecsize of-0.25.

Aitken (1984) evaluated mastery learning in an Arizona junior high school. One class
(N=30) of eighth graders using mastery learning was compared to a traditional class (N=30).
Students were prand posted on CTBS. The adjusted effect wias +0.22.

Across six studies of mastery learning, Weighted measeffect size was0.05.

Mathematics=ocused Professional Development
Comprehensive School Reform

Comprehensive school reform (CSR) programs are wéwieol models that include
extensve professional development in instructional methods, curriculum, school organization,
classroom management, parent involvement, and other issues. Only CSR models with specific
approaches to mathematics are included here, but for broader reviews ofanaitligh school
CSR, see CSRQ, 2007; Borman et al., 2003.

Talent Development Middle School Mathematics Program

TheTalent Development Middle School Mathematics Progesathe mathematics
component of th&alent Development Middle School (TDM&ompreknsive school reform
model (Maclver, Ruby, Balfanz, & Byrnes, 2003). It builds onto the curriculum provided by the
University of Chicago School Mathematics Projextensive professional development;sie
coaching, and followup. Teachers receive thrdays of inservice each summer, and then
participate in monthly -3our Saturday sessions, focusing primarily on mathematics concepts and
means of presenting them to students.sid@ coaches visEDMSschoolsl-2 days per week to
visit teachers in theirlassrooms. The largdalent Development Middle Schanbdel uses
looping, so that teachers stay with the same classes for multiple years, and it uses semi
departmentalization, so that each teacher sees the same students for at least two subjects.

Balfarez, Maclver, & Byrnes (2006) carried out an evaluationr&MS Mathematic
three innercity Philadelphia middle schools. Two were majoAfyican American and one
majority Hispanic. The schools were matched on demographics and test scores witmthoée co
schools, which also us&dCSMPcurriculum materials but without the extensive professional
development.
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Data from school records were used in a longitudinal evaluation. After three years of
implementation, eighth graders were compared on disttioinistered SAT9 scores,
controlling for their fourth grade SAY scores. Only 38DMSand 26 control students were
found at both points in time. Among this group, there were no differences in Math Procedures
(ES=+0.06, n.s.), but there were significarfteslences in Math Problem Solving (ES=+0.30,
p<.001). The average SAT effect size was +0.18.

On Pennsylvania assessments (PSSA), the analysis followed students from fifth to eighth
grade. A much larger proportion of students were included in thessese8887TDMS and
1181 control. Controlling for pretests, PSSA differences were statistically significant (ES=+0.17,
p<.05). Averaging PSSA and SAToutcomes yields an effect size of +0.18.

Talent Development High School Mathematics

TheTalent Develoment High SchodITDHS)is a comprehensive school reform program
that provides extensive professional development to-haylerty high schools (Legters, Balfanz,
Jordan, & McPartland, 2002). A key part of the approach is a Ninth Grade Success Academy,
locaed in a separate part of the school building, in which students receive intensive instruction in
reading and math to help them overcome any deficits in these areas likely to inhibit success
througlout high school. Reading and math are each taught 90 esimatch day. In
mathematicsT DHSstudents experience a program callednsition to Advanced Mathematics,
which emphasizes manipulatives, student discussion, connections with the real world, and hands
on experiences.

A third-party evaluation oT DHSwascarried out in higkpoverty Philadelphia high
schools by MDRC (Kemple, Herlihy, & Smith, 2005). FitBHSschools were compared to six
similar Philadelphia high schools matched on prior PSSA scores and demographic factors. A
comparative interrupted timemses design compared the schools for three years bEIHS
began and then followed entering ninth graders for three ye@dBBHi$and control schools.

Data from up to three baseline cohorts and up to fivelpastline cohorts were obtained and
averagedrom each of the schools.

Math outcomes were estimated by obtaining eleventh grade PSSA scores for the students
who took PSSA on time. Due to high mobility and retention rates, this represented only 39% of
the original sample, and greatly underrepresgtihe lowest achievers (but to the same degree in
experimental and control groups). Among this group, there were no significant differences in
PSSA Mathematics (ES®9.07, n.s.). However, there were significantly positive impacts of
TDHS on several othemportant outcomes, including the percent of students promoted to tenth
grade, total credits earned, and attendance rates.

Balfanz, Legters, & Jordan (2004) evaluatedtB#SNinth Grade Success Academy in
three innercity Baltimore high schools. Contrschools also provided 9finute periods in
ninth grade reading and math, but did not usé'ieSinstructional strategies.
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Students iMTDHSand control schools were tested at the end of the ninth grade on the
Terra Nova. CTBS scores from the end ohéiggrade were used as covariates. ThelS
students scored higher than controls, controlling for pretests (ES=+0.18, p<.05).

Partnership for Access to Higher Mathematics (PATH)

The Partnership for Access to Higher Mathematics (PA%&H a program for aisk
eighth graders, designed to help them prepare for advanced classes. It focused on improving
curriculum and instruction with use of constructivist approaches, manipulatives, and technology,
and provided social work interventions to deal with issuel ag attendance, parent support,
and behavior. An evaluation BATHby Kennedy, Chavkin, & Raffeld (1995) compared 61
PATHstudents in 3 classes to 39 comparison students in 2 classes receiving traditional
instruction. Students in both groups were at38tHispanic and 1/3 White. The groups were
well matched on demographics and prior year state tests {Refarenced Assessment Program
for Texas, or NAPT). On a final algebra test, controlling for NAPATH students scored
substantially higher than conts (ES=+0.47, p<.001). Significant differences were apparent on
TAAS Math (p<.05), but there was insufficient information to compute effect sizes.

Conclusions: Instructional Process Programs

As was true in th&lavin & Lake (2008yeview of elementary ath programs, the middle
and high school approaches with the strongest evidence of effectiveness are instructional process
programs. Acros22 qualifying studies, the median effect size wasl80However, outcomes
varied considerably by type of approatio forms of cooperative learnin§TADand
IMPROVE had aweighted meaeffect size of +@l6 across 7 studies, and 4 of these, with a
weighted mean effect size of +0,48ed random assignment to conditions. The findings for
thesecooperative learning pgrams are in line with those of the elementary review, which found
a median effect size of +0.28r cooperative learninSlavin & Lake, 2008 However, a
negative effect was found forsanall study of dorm of Peer Assisted Learning Strategies
(PALS) which contrasts with positive findings at the elementary level. In contrast, six studies of
mastery learning found no effectsgighted meaS=-0.05).

Overall Patterns of Outcomes
Across all categries of programs, there wet2 studies of middle andigh school math
programs that met the inclusion criteria, of wh8used randonassignment to treatments. The
weighted meaeffect size was +07 overall, and +@8 for the randomized and randomized
guastexperimental studies.

Outcomes were quite d#rent according to types of programs. Tweighted meaeffect
size for math curricula was only +@.CCAI studies haé weighted mean effect size of &8.
Among the instructional process programs, however, there was great variation. Two cooperative
learning programsSTADandIMPROVE had very positive outcoméaeighted mean
ES=+0.46) and several other types of approaches had positive effects in one or two studies. In
contrast, six studies of mastery learning found no differences-QES}
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Acrossprograms, effects were similar for students of different social classes and different
ethnic backgrounds. There were few consistent differences on different subscales of the math
tests.

Outcomes by Socioeconomic Status and Minority Status

A question of onsiderable policy importance is whether various secondary mathematics
programs are particularly effective for disadvantaged and minority students. These students lag
behind middle class students in mathematics achieveswfihding programs with substzad
effects for these students woulddfeparticular value.

I n order to examine this issue, studiesob s
socioeconomic status if students averaged 50% free/reduced price lunch or more. In some cases,
free lunch data weneot available, but other indicators of poverty were presented. Acro$82he
studies25 served IowSES populations. The proportions varied by category. Only 5 of 40
studies of curricula (13%) involved Ie®ES populations, bi#3% of CAl and 32% of
instructional process studies involved kES groups.

Looking across studies, effect sizes liow-SES studies were slighthigher than those
for other studies. Among &5 low-SES studieghe weighted mean effect size wasG8)in
comparison to +05 for studies of nomlisadvantaged students.

Many studies compared outcomes by socioeconomic status or race. A total of 17 studies
across all categories reported race by treatment interactions, SES by treatment interactions, or
both.A few found trends showvg larger effects for one or another group, larteareported clear
results showing differential gains.

Although the numbers of studies that investigated interactions with ethnicity and SES are
small, the patterns within and across studies suggeshthhest way to use the information in
this article to benefit disadvantaged and minority students is to apply the most effective programs
in school serving many such students.

Is Random Assignment Essential?

As an important methodological note, it wateresting to find that there were no
differences in median effect sizes between studies that used random assignment to conditions
and studies that used matched designs. The ower@hted mean effect sizes werry similar
+0.08 for randomized or raranized quasexperiments and +0.G6r matched studie3.he
review of elementary math programs ®kavin & Lake (2008also found minimadlifferences in
outcomes between randomized and matched studies. It is important to recall that the current
review andSlavin & Lake (2008lsed stringent inclusion criteria for matched studieshese
findings may not apply to all matched studi€lis finding reinforces conclusions made by
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Cook, Shadish, & Wong (2008})avin & Smith (2008)andGlazerman, Levy, & Myex (2002)

that highquality studies with welmatched control groups produce outcomes similar to those of
randomized experiments. Randomization is still valuable in reducing the possibility of selection
bias, but these findings suggest that reviewers efirek on educational programs can include
well-matched evaluations. The exception to this is wheress&dttion or other forms of

selection of individual students creates a characteristic bias in gmoriolled studies, as in
studies of voluntary afteschool programs (where more motivated students might attend) or
studies of gifted programs (where selected students are likely to be superior to rejected
applicants, even controlling for test scores). However, when there are fewer obvious reasons to
expect strong selection bias, randomized and \wekched studies may produce similar results.
SeeCook et al. (2008) anglavin (20@) for more on this.

Sample Size Mtters

Anotherimportantmethodological observation is the profound impact of sample size.
Large studies (sample size Qnedidhdfecssizasthevery s or
category: Math curricula (+0.06 large, +0.12 small), CAIl (+0.07 large, +0.21 small), and
instructional process (+0.18 large, +0.22 small). In fact, focusirthelarger studies, only
instructional process programs have robust achievement effects. See€SEmith (2008) for
more on this issue.

Summarizing Evidence of Effectiveness for Current Programs

One of the most di ffi ctulworiksssou erse siemartchhe irse
outcomes of many studies, balancing factors such as methodological quality, effect sizes, sample
sizes, and other factors. For example, simply computing average effect sizes (as in meta
analyses) risks ovemphasizingmall and biased experiments, while restricting the review to
randomized experiments would result in a small number of studies, many ofmilgttthave
small samples, brief durations, or other features that greatlygeneralizability. Slavin (2008
discussed these issues and proposed a rsystgmsimilar to that used by the What Works
Clearinghouse for the strength of evidence for educational programs. It balances methodological
guality (favoring randomized experiments), effect size, and larger sarggilleast 250
students). This system was used previousl$layin & Lake (2008and Slavin et a2008).

Programs were categorized as follows.

a Strong Evidence of Effectiveness

At leasttwo studies, one of which islarge randomized or randomaguasi
experimental study, onultiple smaller studies, with a median effect size of at least +0.20. A
large study is defined as one in which at least ten classes or schools, or 250 students, were
assigned to treatmenSmaller studies are counted asieglent to a large study if their
collective sample sizas at least 250 students.

O Moderate Evidence of Effectiveness
At least twoqualifying studiesor multiple smaller studies with a collective sample size of
500studentswith a median effect sizd at least +0.20.

O Limited Evidence of Effectiveness
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At least one qualifying study of any design withedfect size of at least +0.10.
O Insufficient Evidence of Effectiveness

One or more qualifying study of any design with a median effect size brss-thl10.
N No Qualifying Studies

Table 4 summarizes currently available programs falling into each of these categories
(within categories, programs are listed in alphabetical order). Note that mtirat are not
currently available, primarily the older CAl programs, do not appear in the table, as it is intended
to represent the range of options from which

In line with the previous discussions, the programs repteden each category are
strikingly different. | n t hteopfo@dns thfprm&ofi denc e
cooperative learningstudent TeamAchievement DivisiorandIMPROVE No programs met
t he st an dderatéEsideficeor @A Mo

Thaeifmi ted Evi denc adgreateravarietyod programscludingthdee s
math curricula Core PlusMathematicsMath ThematicsPrenticeHall Course 2andSaxon
Math), five CAl programs JostensPlato, | Can Learn New CenturyandExpert
Mathematiciar), andTalent Development Mathemati@sdPATH, which are comprehensive
school reform programs. Theelvepr ogr ams | i sted under Ainsuffi
ef fect i vatleastere qualliymgistudy biatled to findeducationally or statistally
significant differences.

Discussion

The research reviewed in this article evaluates a broad range of strategies for improving
mathematics achievementmiddle and high schools. Perhdpe most important conclusion is
that there are fewdarge,high-quality studies than one would wish for. Although a total @
studies across all programs qualified for inclusion, there were small numbers of studies on each
particular program. There we28 studiesthat randomly assigned schools, teachers,uolesits
to treatments, but many of thesere quitesmall. Clearly, moréargerandomized evaluations of
programs used on a significant scale over a year or more are needed.

This being said, there were several interesting patterns in the reseanafdésand high
schoolmathematics programs. One surprising observation is the lack of evidence that it matters
very much which textbook schools choogeighted mealkS=+003 across40 studies). NSF
funded curricula such a$CSMP, Connected Mathematics, andréd’lus might have been
expected to at least show significant evidence of effectiveness for outcomes such as problem
solving or concepts and applications, but the gaaperimental studies that qualified for this
review find little evidence of strong effes even in these aredheweighted meaeffect size
for 24 studiesof NSF-funded programs was @QOeven lower than the median of +0.12 reported
for elementary NSfunded programs b$lavin & Lake (2008)
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It is possible that thetandardized tests asthte assessments used ingbalifying
studies may have failed to detect some of the more sophisticated skills taughtfinns &
programs but not other programs, a concern expressédridyey (2006) an&choenfeld (2006)
in their criticisms of the What Works Clearinghouse. However, in light of the small effects seen
on outcomes such as problem solving, probability and statistics, geometry, and algebra, it seems
unlikely that misalignment between the N§ponsored curricula and therstardizedests
account for the modest outcomes.

Studies of computeaissisted instruction foundveeighted measeffect size (ES=+08)
slightly higher than that found for mathematics curricalagless tharthe median for CAI
studies (ES=+0.19) reported Bjavin & Lake (2008)for elementary CAl studies.

The most striking conclusion from the review, however, is the evidence supporting
instructional process strategiespecially cooperative learningight studies, iive of which
wererandomized experiments mndomzed quasexperimentsfound strongimpacts (eighted
meanES=+042) of cooperative learningrograms

The debate about mathematics reform has focused primarily on curriculum, not on
professional development or instruction (see, for example, AAAS, Zfltfrey, 2006 NCTM,
1989, 2000, 2006§IRC, 2004). Yet this reviewn agreement with the review of elementary
math programs b§lavin & Lake (2008)suggests that in terms of outcomes on traditional
measures, such as standardized tests and state abddyrassessments, curriculum differences
appear to be less consequential than instructional differences. This is not to say that curriculum is
unimportant. There is no point in teaching the wrong mathematics. The research onthe NSF
supported curriculasiat least comforting in showing that refeamented curricula are no less
effective than traditional curricula on traditional measures, so their contribution+o non
traditional outcomes does not detract from traditional ¢8esoenfeld, 2006)The moverant
led by NCTM to focus math instruction more on problem solving and concepts may account for
the gains over time on NAEP, which itself focuses substantially on these domains.

Also, it is important to note that the three types of approaches to maitemsiruction
reviewed here do not conflict with each other, and may have additive effects if used together. For
example, schools might use an NSkported curriculum such BRCSMPor Connected
Mathematicsvith well-structured cooperative learning angbglemental computessisted
instruction, and the effects may be greater than those of any of these progtasmassives
However, the findings of this review suggest that educators as well as researchers might do well
to focus more ohow the classroons organized to maximize student engagement and
motivation,rather than expecting that choosing one or anotlérdek by itself will move
students forwardn particular, both the elementary revie8lgvin & Lake, 2008and the
current review find thathe programs that produce consistently positive effects on achievement
are those that fundamentally change what students do every day in their core math classes.

As noted earlier, the most important problem in mathematics eduaatiom U.S.is the
gapin performance between middle and lower class students and between White and Asian
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American students and African American, Hispaarad Native American students. The studies
summarized in this review took place in widely diverse settings, and sevérahofeported
outcomes separately for various subgroups. Overall, there is no clear pattern of differential
effects for students of different social class or ethnic backgrounds. Programs found to be
effective with any subgroup tend to be effective witlgatlups.This suggests that educational
leaders could reduce achievement dapproviding researcproven programs to schools
serving many disadvantaged and minority studeSgscial funding to help higpoverty, low
achievirg schools adopt proven progracould help schools with many students struggling in
math to implement innovative programs with strong evidence of effectiveness, as long as the
schools agree to participate in the full professional development process used in successful
studies and tamplement all aspects of the program with quality and integrity.

The mat hematics performance of Americaods
particular, schools serving many students at risk need more effective programs. This article
points to mattlprograms for middle and high school students hlaae the strongest evidence
bases today. Hopefully, higher quality evaluations of a broader range of programs will appear in
the coming yeardVe mustuse what we know now at the same time as we work poove our
knowledge base in the future, so thhistudentseceive the most effective mathematics
instruction we can give them.
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Table 1

Mathematics Curri@alst: Desbriptive Information and Effect Sizes for Qualifying Studies

Encyclopedia (BEE)

Effect Sizes by | Overall
Sample Evidence of Measure/Sub | Effect
Study Design Duration N Grade | Characteristics | Initial Equality Posttest group Size

NSFSupported Programs
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(40T, Connecticut Matched on
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in8 OrleansHanna | +0.04
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(2T, 6C)
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65C) at pretests

Burke, & 8 El Paso, Texas,

Lundin schools Low SES.

(2003)

Integrated Mathematics: IMP or CPM

McCaffrey, 4709

Hamilton, students Large, urban

Stecher, (733T, T

Klein, Matched 1 year 3976C) | 10th school district. | Matched on SAT-9 +0.03

S Post Hoc (L) 35% FL, 69% | pretests

Bugliari, & at 26 AA

Robyn high '

(2001) schools

Interactive Mathematics Program

The

Best Evid

ence

Encyclopedi a

Institute of Education Sciences, U.S. Department of Education.

S

a free web

si t e c rteeDaitere Reformyn Edubagon (CODREsunderdupdingninttee Uni ver si ty




Best Evidence

Encyclopedia (BEE)

Empowering Educators with Evidence on Proven Programs www.bestevidence.org
Students above
the 75th
91 percentile on
Matched students | 10th- CTBS ata .| Matched on
Webb (2003) Post Hoc 3 years (48T 12th suburban HS in oretests SAT -0.09
43C), California. 42%
W, 20% H,
16% AA, 16%
Asian
Traditional Textbooks
McDougal Littell Middle School Math
Callow: 361
Heusser students .
Alired ' (203T, Loca.tllons not | Matched on ltems from
Rober1tson & Matched (L) | 1 year _158C) 7th specified. 12% | pretests an(_j NAEP -0.04
' in 16 FL demographics
Sanborn classes
(2005) (8T, 8C)
Prentice Hall Alegbra 1
2 high schools
Resendez & 731 and 2 middle ETS Algebra | +0.05
) , students | 8th & .
Azin Randomized tauaht | oth schools in the Matched on
(2005a): quasi g US, mostly Terra Nova
. 1 year by 24 (some ) pretests and +0.05 -0.04
Resendez & | experiment teachers | 10th middle class. demographics Algebra
Sridharan (L) at 7 12th) 50% W, 25% Fouritem
(2005a) schools Asian, 13% H, unstructured | -0.22
12% AA. response test
Prentice Hall Course 2 (Middle School)
Resendez & | Randomized| 1 year 453 7th High-poverty, Matched on Terra Nova +0.55

The Best Evidence Encyclopedia is a free web site c rtebDuvterREformyn Edubaton CODREsUnderdupdingnintte Uni ver si ty
Institute of Education Sciences, U.S. Department of Education.



Best Evidence

Encyclopedia (BEE)

Empowering Educators with Evidence on Proven Programs

www.bestevidence.org

Azin quast students urban middle | pretests and
(2005b); experiment taught schools in demographics Math Total +0.52
Resendez & | (L) by 7 Virginia and
Sridharan teachers Ohio. 83% FL, .
(2005b) at 3 68% AA, 26% Computations | +0.57
schools W. Low SES.
Back-to-Basics Textbooks
Saxon Math
454
students Suburban
Lafferty (324 T, : . Matched on MAT 7
(1994) Matched (L) | 1 year 130 C) 6th Phllaldelpr;]la | pretests subtests +0.19
at 2 middle schools
schools
212 Control high
students . achievers scored
) Innercity )
in 13 . CAP General | higher than Saxon
Denson 9th, schools in Matched on ; . )
Matched (S)| 1 year classes T Mathematics | high achievers on | -0.25
(1989) primarily | southen pretests :
(7T, 6C) e and Algebra | polynomials and
California '
at3 radicals and
schools guadratics subtests
211 CTBS
students Rural West
Rentschler 6-7 (65T, o Matched on .
(1994) Matched (S) months | 146C) 6th Virginia pretests Computations | +0.60 +0.39
schools
at 2 Concepts and +0.18
schools Applications '
The Best Evidence Encyclopedia is a free web site c rtebDuvterREformyn Edubaton CODREsUnderdupdingnintte Uni ver si ty

Institute of Education Sciences, U.S. Department of Education.




Best Evidence

Encyclopedia (BEE)

Empowering Educators with Evidence on Proven Programs

www.bestevidence.org

6th: 32
schools Georgia middle Georgia's
(17T, schools. 54% Criterion
/Fi;f]e(”z%%%‘g‘) '\P"c")";fmefc L) 5Years %fh(-:)z's 6th- 8th | FL, 62% W, Mrgttgs‘tesd ON | Referenced +0.07
sch.ools 29% AA, 6% b Competency
sth: 28 H. Low SES. Test (CRCT)
schools
30 Texas middle
Resendez, schools. 51% | Matched on . ]
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Table 2
Computer-Assisted Instruction: Descriptive Information and Effect Sizes for Qualifying Studies
Effect Sizes
Evidence of by Overall
Sample Initial Measure/Sub | Effect
Study Design Duration N Grade | Characteristics Equality Posttest group Size
Core CAl
Cognitive Tutor
Quadratic
Equations:
Suburban and ,A(\)I;esbraic
Randomized 541 students rural Maui, NWEA Operations:
Cabalo & Vu | quast (281T, 260C) | oth 4 4n | Hawaii. 55% Matched on '
: 1lyear | gh-13 ; Math Goals | -0.25 +0.03
(2007) experiment in 22 classes Asian, 26% pretests Survey 6+ | Linear
(L) (11T, 11C) multiracial, 14% .
White Equations:
-0.04
Problem
Solving: +0.02
Randomized 444 students L
Morgan & quast 1 (224T, 220C) Junior h'.gh Matched on ETS Algebra
. . year ; 9th schools in Moore | endof- +0.32
Ritter (2002) | experimenta in 12 classes Oklahoma pretests course test
(L) (6T, 6C)
Shneydermatr ~777 students 9th & | High schools in | Matched on ETS Algebra
(2001) Matched (L) | 1y&r | 3557 450C)| 10th | Miami, FL. 54% | pretests and | 1 022 +0.12
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at 6 schools FL, 59% H, 29% | demographics
AA, 12% W. FCAT-NRT | +0.02
Low SES.
Koedinger . High schools in
' Students in 17 .
Anderson, Pittsburgh, PA. | Matched on
Hadley, & Matched (L) | 1 year glél)sses (12T, | 9th 50% AA, 50% orior grades IAAT +0.35
Mark (1997) W. Low SES.
. . Virginia
High schools in a
3 445 students High large, urban Matched on E;i?g?}rds of
Smith (2001)| Matched (L) (29T, 216 | 29" | district in g -0.07
semesters School | |, .~ pretests (SOL)
C) Virginia. 67% W, Algebra |
25% AA. g
test
Multiple-
. Suburban junior choice test
Students in 15 : . o
Corbett high school in Matched on using items
(2001) Matched (S)| 1 year ‘i';"é?es @T, 17t | pA 16%FL, | pretests from PSSA, +0.01
95% W. TIMSS, and
NAEP
Multiple-
. choice test
Students in 9 Suburban schoolg o
Corbett Matched (S)| 1 year classes (3T, 8th- in PA. 16% FL, Matched on using items +0.19
(2002) 6C) 9th 950 W pretests from PSSA,
o ¥ TIMSS, ad
NAEP
| Can Learn
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Kirb Randomized 204 students School in Matched on California
(200>:1a) (S) 1 year (91T, 113C) | 8th Alameda County, retests Standards +0.04
at 1 school CA P Tests (CST)
6213 students it\;ﬁgrgfs rlnna];(r)lua:t FCAT
Kerstyn (1791T, schools in Matched on Alg 1 +0.05
(2002) Maiched (L) | L year 2:;23232 I(nlgélz o Florida. 43% FL, | pretests Alg 1 _0.05 +0.04
3980) 50% W, 24% H, Honors
20% AA. PreAlgebra | +0.06
PreAlg Adv | +0.03
4,644 students
(3012T, Schools in Textbook
Brooks 1632C) in 169 7th- Jefferson Parish,| Matched on | Algebra |
(1999) Matched (L) | 1 year classes (102T| 10th Louisiana. Low | pretests achievement -0.04
67C) at 21 SES. test
schools
Students in four FCAT
2536 students different math Alg | +0.05
Kerstvn (1222T, levels at Tampa, Matched on
(20013/ Matched (L) | 1 year 1314C) in 118 8th FL middle retests Alg | Honors | -0.06 +0.08
classes (59 schools. 37% FL, P
pairs) 47% W, 25% H, PreAlgebra | +0.06
24% AA. PreAlg Adv | +0.03
. : High school in
Kirby 797 students | High . Matched on .
Matched (L) | 1 year Collier County, Florida CAT +0.18
(2004b) (97T, 700C) | School Florida. 36% AA. pretests
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35% W, 29% H.
1360 students
| (680T, 680C) New Orleans
Kirby Matched 1 tau ht’b 57 | sth public schools. | Matched on LEAP +0.19
(2006a) Post Hoc (L) | semester ght by 96% AA. Low pretests '
teachers at 13
SES.
schools
High schods in
Kirby Matched 1 1144 students New Orleans. Matched on
(2006b) Post Hoc (L)| semester| (166T, 978C) 10th 96% AA. Low pretests LEAP *0.23
SES.
High school in
Oescher & | Matched 1 vear 198 students oth Dallas, TX. 39% %ZEZZ?Sd;nnd Texas TAKS +0.40
Kirby (2004) | Post Hoc (S) y (99T, 99C) FL, 89% AA, 9% b : '
demographics
H. Low SES.
Learning Logic Lab
High school in .
, 52 students , : Merrill
McKenzie 31/2 .| High | southern Georgia Matched on
(1999) Matched (S) months (25T, 27C) in school | 59% W, 39% pretests Algebra I 0.78
4 classes AA final test
The Expert Mathematician
Missouri
suburban middle
school with b
Baker (1997) | Matched (S)| 1 year 70 students | 8th students from Matched on Objectlves" +0.38
) pretests by Strands
mainly low
income white
families
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Supplemental CAIl

Jostens/Compass Learning
90 students ?c;f]ools inCruraIt gIt'hBS s
efferson County, +0.37
Hunter Matched (S)| 28 weeks (45T, 45C) at | 6th- Georgia. 83% Matched on 70 -0.04 +0.22
(1994) 6 schools (3T, 8th AA 17% W. Low pretests
3C) ’ ' gh +0.34
SES.
New Century
Low-achieving
students in suburl
of Sacramento,
Boster et al. 306 students CA. 39% FL, Matched on
(2005) Matched(L) | 1 year (139E, 167C) 70 18% ELL. pretest CST +0.28
PLATO Web Learning Network
467 students Remedial math
(234T, 233C) students in an
Thayer in 22 classes | 9th- innercity high Matched on
(1992) Matched (L)| 18 weeks taught by 9 12th schools in Miami.| pretests SSAT *0.21
teachers at 2 80% AA. Low
schools SES.
Remedial
Algebra | Algeb
122 students students. 69% Matched on gebra 1b
Baker (2005)| Matched (S)| 1 year (59T, 63C) 9th FL, 75% H, 18% | pretests benchmark +0.29
AA, 6% W. Low exam
SES.
SRA Drill & Practice
10C
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202 students Low-performing
Dellario Matched (116 T,86 C/ students in Matched on SDMT,
(1987) Post Hoc (S) 1 year Math: 97 T, | 9th southwestar pretests and | (MAT, +0.36
43 C) at9 Michigan. 62% | demographics | CAT)
schools W, 35% AA.
Other Supplemental CAIl
Dynarski et
al. (2007): & 28 schools Schools in 10
grade 81 teachers districts Matched on Procedures:
(Larson Pre | Randomized 1 vear (47E, 34C) 6th throughout the retests and | Stanford 10 +0.07; +0.07
Algebra, (L) y 3136 students US, 65% FL, gemo s Problem '
Achieve (1878 E, 35% H, 34% W, grap Solving: +0.05
Now, or 1258C) 31% AA
iLearn Math)
Dynarski et .
al. (2007): 23 schools S.Ch(.)OlS in 10 Concepts:
districts ETS Endof-
Algebra Randomized 69 teachers throuahout the Matched on Course -0.10
(Cognitive lyear |(39E,32C) |8M1d" g pretests and Processes: | -0.06
(L) US, 51% FL, - | Algebra
Tutor, Plato, 1404 students| demographics -0.06
43% W, 42% Exam g
or Larson (774E, 630C) Skills: +0.02
AA, 15% H
Algebra)
Paired classeg Computatns:
Becker Randomized at 50 schools 5th- Schools Matched on Star)ford +0.06;
1 year (24 schools throughout the Achievement .| +0.07
(1990) (L) . 8th pretests Applications:
randomized us Test
+0.08
by student)
101
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117 students

, (59T, 58C) in i Remedial math District math
(I\:ggrg; (Rsa;ndom|zed 9 months| 8 classes gm students, half in Mrgttgztesd on placement +0.24
taught by 4 special education P test
teachers
46 students High school in
Bailey Randomized (21T, 25C) in Hampton, VA, Matched on
(1991) (S) 1 year 4 classes (2T, Sth ITBS scores pretests TAP +0.69
2C) <30th percentile
83 students in
Randomized 4 classes at 2 Algebra
Hoffman quast 6-7 schools (1C | High CMCP 2nd Year | Matched on Cooperative
: algebra classes ir ) +0.11
(2971) experimental months | and 1T class | School pretests Mathematics
the Denver area
(S) at each Test
school)
. Low-achieving
Davidson Rﬁgg}omlzed 54 students 9th - Chapter 1 Matched on
9 . 13 weeks| (18T, 36 C) students in MMIT +0.16
(1985) experimenta hool 12th i pretests
(S) at 1 schoo Knoxville, TN.
Low SES.
Educationally
. disadvantaged
Ngaiyaye & 222 students i :
VanderPloge| Matched (S)| 1year | (137T, s5c) |Oth- | studextsinpult | Matchedon | g o +0.10
8th out programs in | pretests
(1986) at 2 schools .
Chicago. Low
SES.
10z
The Best Evidence Encyclopedia is a free web site c rtebDuvterREformyn Edubaton CODREsUnderdupdingnintte Uni ver si ty

Institute of Education Sciences, U.S. Department of Education.







