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This comprehensive literature review identified 643 studies of professional development
interventions related to math in grades K-12. Thirty-two of the studies used a research
design for assessing the effectiveness of math professional development approaches,
and five of those met What Works Clearinghouse evidence standards. Of the five, only
two found positive effects on student math proficiency.

This study used a systematic process modeled after the What Works Clearinghouse (WWC) study
review process to answer the question: What does the causal research say are effective math professional
development interventions for K-12 teachers aimed at improving student achievement? The study iden-
tified and screened 910 research studies in a comprehensive literature search for effectiveness studies' of
math professional development approaches. (See appendix A for details of the search, screening, and
review process.)

Of these 910 studies, 643 examined professional development approaches related to math in grades K-12
and were conducted in the United States. Of the 643 studies, 32 focused primarily on math professional
development provided to teachers and used a research design for examining effectiveness (see appen-
dix B for a list of the 32 studies). Five of those were determined to have met WWC evidence standards
(version 2.1) either with or without reservations (appendix C).> And of those five, only two found posi-
tive effects on students’ math proficiency.

Thus, there is very limited causal evidence to guide districts and schools in selecting a math professional
development approach or to support developers’ claims about their approaches. The limited research on
effectiveness means that schools and districts cannot use evidence of effectiveness alone to narrow their
choice. Instead, they must use their best judgment until more causal evidence becomes available.
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The effects of five professional development approaches
on student math proficiency

Of the five math professional development approaches that had effectiveness studies that met WWC stan-
dards, two had statistically significant positive effects, one had limited effects, and two had no discernible

effect (table 1).2

Table 1. Summary of findings for the five effectiveness studies of math professional development
approaches that met What Works Clearinghouse evidence standards

Findings of the effectiveness study Professional development approach

Statistically significant positive effects? + Intensive math content courses accompanied by follow-up workshops (Sample
McMeeking, Orsi, & Cobb, 2012).
- Lesson study focused on linear (measurement) model of fractions (Perry & Lewis,

2011).

Limited effects® + Cognitively Guided Instruction (Carpenter, Fennema, Peterson, Chiang, & Loef,
1989; Jacobs, Franke, Carpenter, Levi, & Battey, 2007).¢

No discernible effectd + America’s Choice (Garet et al., 2010, 2011).

+ Pearson Achievement Solutions (Garet et al., 2010, 2011).

a. Implies that the researchers are confident that there is a real, causal relationship between the professional development ap-
proach and any subsequent changes in student performance and that the probability of observing such a result by chance is very
slim. For more information, see U.S. Department of Education (2011) and WWC Glossary of Terms (http://ies.ed.gov/ncee/wwc/
Glossary.aspx).

b. The effects were limited to knowledge of the equal sign. None of the measures of broader mathematics proficiency were significant.

c. The findings described differ from those reported in Yoon, Duncan, Lee, Scarloss, & Shapley (2007), which evaluated studies
of professional development from 1986 to 2006 using standards similar to but less rigorous than those of the WWC standards
(personal communication with Kwang Suk Yoon).

d. Implies that there was no evidence that the professional development approach had an effect on student math proficiency. For more
information, see U.S. Department of Education (2011) and WWC Glossary of Terms (http://ies.ed.gov/ncee/wwc/Glossary.aspx).

Source: Authors’ literature review (see appendix A).

Statistically significant positive effects on student math proficiency

Intensive math content courses accompanied by follow-up workshops (Sample McMeeking, Orsi, & Cobb, 2012).
This approach, stemming from a Mathematics Science Partnership grant funded by the National Science
Foundation, combines math content courses and workshops. Teacher participants selected and enrolled in
one or two university summer courses in math (lasting two to three weeks). The courses were geared toward
the needs of middle school and upper elementary school teachers (for example, math modeling, algebraic
patterns and functions, geometry). Each course focused 80 percent on math content, with time spent on
math principles and math problems, and 20 percent on pedagogy. Fall follow-up workshops, held on four
Saturdays, focused on designing lessons using the content from the summer courses. The fall courses were
taught by university instructors, and the follow-up sessions were directed by both university instructors and
district personnel approved by the university. This intensive professional development effort resulted in
significant improvement in student math achievement as measured by the statewide assessment. The effect
was found only for teachers who enrolled in two full math courses during the summer; there was no effect
for teachers who enrolled in only one course.

Lesson study focused on linear (measurement) model of fractions (Perry & Lewis, 2011). In the lesson study
approach small groups of teachers observed and analyzed fractions lessons that they planned collabora-
tively. The lesson study groups met 12-14 times over five months during the school year. Unlike the previ-
ous approach, where university instructors or district personnel provided intensive training and follow-up,
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teachers took turns leading the group, following the lesson study cycle outlined in the intervention mate-
rials. Instructors and consultants provided the intervention materials (including a fractions toolkit that
included materials to help students learn how to represent fractions on a number line*) and were available
to answer teachers’ questions as they led their teacher study groups. Implementation was thus similar to
actual practice in a school or district. This study resulted in a significant increase of fractions knowledge on
a test at the end of the year in grades 2, 3, and 5 but not in grade 4.

Limited effects on student math proficiency

Cognitively Guided Instruction (Carpenter et al., 1989; Jacobs et al., 2007). Cognitively Guided Instruction
focused on helping teachers understand how students think about math, what informal knowledge teachers
bring to the classroom, and how algebraic principles can be linked to the arithmetic taught in elementary
school. Carpenter et al. (1989) examined the effectiveness of Cognitively Guided Instruction provided in
a four-week summer workshop. Jacobs et al. (2007) looked at an approach in which teachers met once a
month, receiving onsite support from a facilitator one-half day a week. In both cases researchers from local
universities conducted the professional development. Neither study provided the information needed to
calculate effect sizes using WWC standards (version 2.1).° Jacobs et al. (2007) found a statistically signif-
icant positive effect on student performance on a test focused on one specific, fairly limited topic: under-
standing the equals sign for simple addition problems.

No discernible effect on student math proficiency

America’s Choice (Garet et al., 2010, 2011). America’s Choice asks teachers to solve sets of math problems
both individually and in small groups, use precise definitions, give short oral presentations explaining how
they solved the problems, and receive feedback on their approach. Teachers present their solutions and
discuss the most common student misconceptions associated with the topic. This approach was adapted
to conform to the requirements of a national research study on rational numbers for grade 7 students. The
adaptations included retooling the scope and sequence of the professional development approach. On a
test of student knowledge of rational numbers, no statistically significant effect was observed at the end of
either year 1 or year 2.

Pearson Achievement Solutions (Garet et al., 2010, 2011). Each professional development segment of Pearson
Achievement Solutions (also referred to as Lesson Lab) focuses on a single problem or task. Each task
is designed to elicit multiple approaches, which are intended to fuel extended discussions on the core
ideas, common student approaches, and potential misconceptions associated with the task. The tasks
were open-ended, and facilitators used their expertise to structure the discussions and determine whether
to extend a professional development segment to address teacher responses. Extensive time was devoted
to lesson planning, which was supplemented by videos. As in the America’s Choice study, this approach
was adapted to conform to the requirements of a national research study on rational numbers for grade 7
students. The adaptations included retooling the scope and sequence of the professional development
approach. On a test of student knowledge of rational numbers, no statistically significant effect was observed
at the end of either year 1 or year 2.

Implications of the findings

Until more causal evidence becomes available, schools and districts must supplement the limited evidence
of effectiveness with their best judgment. Schools and districts should be encouraged to rigorously evaluate
professional development approaches themselves and, when possible, to report the findings publicly to build
up the knowledge base on the topic.



Appendix A. The search, screening, and review process

The research question that guided the systematic review of evidence outlined below was: What does the
causal research say are effective math professional development interventions for K-12 teachers aimed at
improving student achievement?

Study eligibility criteria

To be included in this review, studies had to meet four relevancy criteria:

e Topic. Each study included an intervention, program, or product focused on providing math profes-
sional development to teachers. The professional development had to focus on improving teacher
content knowledge and instruction in math in order to improve student learning in math.

e Time. Math professional development studies had to be published between January 2006 and July
2012 or be identified in Yoon et al. (2007) as having met standards similar to earlier What Works
Clearinghouse (WWC) evidence standards.®

e Sample. The sample had to include math teachers and their students in grades K12 in the United
States.

®  Study design. Only studies that used a randomized controlled trial or a quasi-experimental design
with a comparison group were included.

Reviewing studies using What Works Clearinghouse evidence standards

Studies were reviewed using the WWC Procedures and Standards Handbook (version 2.1) for group design
studies (U.S. Department of Education, 2011) . Although each study that met the screening criteria was
reviewed by a WWC-certified reviewer, this report is not a WWC review but was modeled after the WWC
approach to reviewing causal evidence. Studies that the first reviewer determined to have met standards
were reviewed independently by a second reviewer. A senior reviewer double-checked each completed
review to ensure its accuracy and to reconcile any differences between the reviewers. The summary of pro-
grams described in this report includes only professional development approaches with studies that review-
ers determined met WWC evidence standards (version 2.1), with or without reservations.

Screening the research studies

Initially, 910 research studies were located through a comprehensive literature search (figure Al). Studies
were then screened using a three-phase process:

® 643 studies met Phase I screening, which means that they:
© Included an intervention related to math.

o Were published between January 2006 and July 2012 or were identified in Yoon et al. (2007) as
having met standards similar to earlier WWC evidence standards.

o Examined students in grades K-12.

o Were conducted in the United States.

® 47 studies met Phase II screening, which means that they:

o Included an intervention, program, or product focused primarily on providing math profession-
al development to teachers.
0 Used a relevant design (randomized controlled trial or quasi-experimental design).

e 32 studies met Phase III screening, which means the nature of the math professional development
approach was relevant to this brief. (15 studies from Phase II were excluded because the profes-
sional development approach was either generic professional development that did not focus on
math—for example, school reform focused on strategic plans—or professional development that
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was associated with implementing a specific curriculum.) These 32 studies were reviewed using
WWC evidence standards (version 2.1).

e 5 studies met WWC evidence standards (version 2.1), with or without reservations. One two-year
study was discussed in two reports, each focused on one year of the project (Garet et al., 2010,
2011). This was treated as one study, but two professional development approaches were involved.
Impacts were reported separately for each approach. One professional development approach (Cog-
nitively Guided Instruction) was included in two studies.

e 2 studies (representing two professional development approaches) met WWC evidence stan-
dards (version 2.1), with or without reservations, and showed positive impacts on student math
proficiency.

Figure Al. Screening funnel

47 met Phase Il screening
met Phase Il screening

met What Works Cleari i with or without reservations

showed positive effects on student math proficiency

Source: Authors.




Appendix B. Thirty-two final studies reviewed
using What Works Clearinghouse standards

Of the 910 studies identified in the literature search, 643 examined interventions related to math in grades
K-12 and were conducted in the United States. Of the 643 studies, the 32 studies listed in this appendix
focused primarily on math professional development provided to teachers and used a research design for
examining effectiveness. Five of those were determined to have met What Works Clearinghouse evidence
standards (version 2.1) either with or without reservations; these are identified with an asterisk.
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Appendix C. Research basis for the five studies
meeting What Works Clearinghouse evidence standards
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Notes

Effectiveness studies determine whether there is a causal relationship between the approach and the
outcomes; in this case, effectiveness studies examine whether mathematics professional development
approaches cause improvements in student mathematics proficiency.

These studies focused only on students in grades 1-8.

There are many professional development programs and approaches beyond the five presented here, and
not all five have positive findings. These five are highlighted because the research evidence for these
approaches is of the highest quality in terms of determining the professional development approach’s
effect. For this WWC-style review, the review team determined that these five studies met WWC
evidence standards (version 2.1) with or without reservations. Effect on student achievement is just one
piece of evidence to consider when deciding whether to adopt an approach.

Earlier case study research suggests that focusing on concrete materials that are also used in the class-
room is a hallmark of effective professional development (Garet, Porter, Desimone, Birman, & Yoon,
2001; Gersten, Chard, & Baker, 2000; Huberman & Miles, 1984).

This finding differs from those reported in Yoon et al. (2007), which evaluated studies of professional
development from 1986 to 2006 using standards similar to but less extensive in some dimensions of
research quality than an earlier version of the WWC standards (personal communication with Kwang
Suk Yoon).

Yoon et al. (2007) evaluated studies of professional development from 1986 to 2006, using standards
similar to, but less extensive in some dimensions of research quality than, an earlier version of the
WWC standards (personal communication with Kwang Suk Yoon).
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