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Abstract

The Council of Chief State School Officers (CCSSO) was awarded a grant from the National
Science Foundation to conduct a meta analysis study with the goal of providing state and local
education leaders with scientifically-based evidence regarding the effects of teacher professional
development on improving student learning. The analysis focused on completed studies of
effects of professional development for K-12 teachers of science and mathematics. The meta
analysis results show important cross-study evidence that teacher professional development in
mathematics does have significant positive effects on student achievement. The analysis results
also confirm the positive relationship to student outcomes of key characteristics of design of
professional development programs.
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Effects of Teacher Professional Development on Gains in Student Achievement: How Meta
Analysis Provides Scientific Evidence Useful to Education Leaders

In the present education policy environment a high priority has been placed on improving teacher
quality and teaching effectiveness in U.S. schools (Darling-Hammond et al., 2009; Obama,
2009). Standards-based educational improvement requires teachers to have deep knowledge of
their subject and the pedagogy that is most effective for teaching the subject. States and school
districts are charged with establishing and leading professional development programs, some
with federal funding support, which will address major needs for improved preparation of
teachers. The whole issue of teacher quality, including teacher preparation and ongoing
professional development, and improving teacher effectiveness in classrooms, is at the heart of
efforts to improve the quality and performance of our public schools.

The Council of Chief State School Officers (CCSSO) has led recent initiatives designed to
identify, analyze and disseminate important findings from research and evaluation studies of
teacher professional development. Our goal is help K-12 education decision-makers base their
decisions on programs using best evidence of effectiveness (Blank, et al, 2007; 2008;
http://www.ccsso.org/projects/improving_evaluation_of professional development). In 2006,
CCSSO was awarded a grant from the National Science Foundation (NSF) to conduct a meta
analysis study with the goal of providing state and local education leaders with scientifically-
based evidence regarding the effects of teacher professional development on improving student
learning. The analysis has focused on completed studies of effects of professional development
for teachers of science and mathematics. The two-year study was designed to measure and
summarize consistent, systematic findings across multiple studies that show significant effects of
teacher professional development on student achievement gains in K-12 mathematics or science.
The present paper provides a summary of findings from the CCSSO meta analysis. In the paper
we describe the studies that met the criteria for inclusion in the meta analysis, and explain the
steps in the meta analysis methodology as applied in this area of education research. Meta
analysis is frequently used in fields such as medicine, mental health, and criminal justice to
confirm and validate findings across studies. Our paper helps to demonstrate why effect sizes
and meta analysis are important for comparison of findings across education research and
evaluation studies to adequately determine the quality and significance of evidence concerning a
key education policy issue, such as designing and implementing teacher professional
development.

State Education Leader Needs for Research Evidence

State education agencies are responsible for directing and managing the use of federal funds for
teacher development and improvement as well as guiding programs supported by states.
Additionally, states are now required under NCLB to report on the qualifications of teachers in
core academic subjects and the proportion of teachers that receive high quality professional
development each year. Finally, state education agencies provide leadership for local systems on
how to design, select, and implement professional development for teachers. Strong, research-
based program designs, and evidence on their effects, are now in high demand across the U.S.
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State responsibilities for administering, designing, evaluating, and reporting on federally
supported and state-funded programs for improving teaching and teacher quality provide a strong
rationale for the proposed work by CCSSO to lead a meta analysis study of effects of well-
designed professional development programs. States and in turn local districts seek models for
designing and implementing effective professional development and particularly models
supported by research evidence.

The CCSSO meta analysis study of effects of professional development with mathematics and
science teachers is important for state education leaders because of four intersecting trends that
are now strongly affecting education policy, data, and research.

1) Federal legislation. NCLB pushes for use of scientifically-based research in program
decisions and evaluation of effectiveness of programs.

2) Student achievement as the preferred measure of effects of programs. The
increasing interest within the education community and from policymakers for measuring
effectiveness of initiatives by evidence of gains in student achievement, partly due to the
improved capacity of data systems to relate programs to student outcomes.

3) Recent research findings. A large body of research has identified the design and
features of professional development for teachers which will be more likely to produce
effects on student learning.

4) State leadership needed with teacher development resources. Typically, we see a
small state policy role in the design and evaluation of professional development, and
local program designs are not often based on research evidence and thus may be lacking
coherent or consistent focus.

Federal legislation supporting funding for K-12 public education under No Child Left Behind
(NCLB) has produced a strong push toward application of results from scientifically based
research in education program decisions and methods of evaluation. NCLB regulations call for
programs that have been proven effective through scientifically-based research (Shavelson &
Towne, 2002). In implementing NCLB through the several Title programs, the U.S. Department
of Education has advocated for program evaluations that are based on experimental designs. A
challenge for state education agencies has been to carry out their legislated function of directing
federally funded programs for teacher improvement that meet criteria for quality as specified
under NCLB Title II (Birman, et al, 2007). States have also been challenged in determining how
to encourage and fund evaluation studies that use experimental designs, especially those with
random control trials, and would meet the goal of providing scientific evidence of the effects of
teacher-focused improvement efforts on improving the achievement of students they teach
(Noyce, 2006; Coalition for Evidence-Based Policy, 2003).

Under the Title IIB Math-Science Partnership program of NCLB, program grants are awarded by
state competitions. State education agencies are responsible for ensuring that programs include
scientifically-based evaluations of program outcomes as well as reporting program results to the
U.S. Department of Education. Reviews of existing program evaluations indicate that most
professional development programs for math and science teachers are not evaluated with
experimental designs (CCSSO, 2006; Frechtling, 2001). States and districts currently have very
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limited capacity for relating pre-service teacher preparation or professional development to
student outcomes (Carey, 2004).

Student achievement as the preferred outcome measure. Education research that measures
effects of improving teacher preparation and development of teacher knowledge and skills on
change in student achievement has developed and expanded since the 1990s. Kennedy carried
out one of the first reviews of research on the relationship of quality of teacher preparation to
subsequent student achievement a decade ago (1998). At that time, she identified a relatively
small number of research studies that were able to draw a direct link between the level of teacher
preparation in their teaching field and achievement of students. Darling-Hammond (1999)
analyzed large-scale assessment data across the states, and her research results showed that
teacher preparation in field was positively related to student achievement. These study findings
resulted in extensive policy and research debate, that still continues, about the importance of
formal teacher preparation and qualifications, including teacher certification.

More recently, several major research synthesis projects have broadly analyzed evidence on the
effects of mathematics and science teacher preparation and development initiatives on student
achievement. One approach to reviewing evidence across studies is to apply a logic model and
to examine the relationship of teacher preparation on student achievement through effects on
intervening variables such as teacher knowledge and instructional practices (Clewell et al., 2004;
Ingvarson, Meiers & Beavis, 2005). This kind of full analytic model allows educators and
leaders to identify key decisions about the organization, delivery and support of teacher
development that are ingredients to positive outcomes.

Another approach to research synthesis analysis is to specifically define teacher professional
development initiatives and to identify those studies which reveal effects on student achievement
directly linked to the initiative. In research for the Southwest Regional Education Lab, Yoon and
colleagues (2007) reviewed findings from several thousand studies on the effects of teacher
professional development programs and initiatives to determine evidence of effects on student
achievement. The synthesis identified relevant findings by applying the ED/IES What Works
Clearinghouse criteria for experimental design and measuring effect size. This synthesis
identified nine studies that met the criteria in the published research literature, and all nine
studies were based on small numbers of teachers and measurement of change with achievement
tests closely aligned to the treatment model. A new paper by Wayne, Yoon and AIR colleagues
(2008) describes in detail how experimental designs can be used to analyze outcomes from
teacher preparation and development.

Recent research on effective teacher development. A large body of education research has
been published over the past decade which provides a base of knowledge about the
characteristics of effective programs of teacher professional development in mathematics and
science. The rationale for recent federal policy toward teacher professional development through
NCLB and through NSF education programs has cited findings from research documenting
characteristics of initiatives for teacher development that were proven effective in improving
teaching (Garet et al., 1999; Hiebert, 1999; Loucks-Horsley et al., 1998; Corcoran & Foley,
2003; National Commission on Teaching & America’s Future, 1996; Weiss, et al., 2001;
Guskey, 2003; Showers, Joyce, & Bennett, 1987; Supovitz, 2003). There is also extensive
published research focusing on the role of teacher knowledge and skills in student learning, the
kinds of knowledge teachers need, and what knowledge is critical to effective teaching (e.g., Ball
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& Bass, 2000; Borko, 2004; Hill, Schilling & Ball, 2004; Wilson & Berne, 1999; Hill, Schilling
& Ball, 2004; Ball & Bass, 2000).

Although there has been strong research evidence that could contribute to improving teacher
professional development methods and delivery, there still exists a significant gap in translating
research into practice. Results from large-scale national studies early in this decade indicate that
most professional development initiatives for teachers are not designed to meet the key
characteristics of effectiveness we now recognize from research (Corcoran & Foley, 2003; Garet
et al., 2001; Desimone et al., 2002; Corcoran & Foley, 2003Garet et al., 2001).

Improve state leadership. The current state role in setting policies and providing leadership for
high quality professional development is weak in many states—that is, states may provide broad
guidance but leave the definition, design and delivery of programs and teacher development
services to districts, regional service agencies, or other providers (Corcoran, 2007). Currently
most program decisions are left to school leaders or to individual teachers regarding types of
professional development, course credits for re-licensure, or pay and promotion. The existence
of different levels of responsibility for professional development and multiple sources of funding
have produced a fragmented, non-targeted system of development of teachers (Birman & Porter,
2002; Choy et al., 2006; Correnti, 2007; Choy et al., 2006; Hezel Associates, LLC, 2007; Birman
& Porter, 2002).

Miles, Odden, Fenmanich, and Archibald (2004) studied the total costs of professional
development across a large sample of districts and found that an average of $4,380 is spent
annually per teacher. Case studies of six districts indicate mixed results from investments in
professional development (Chambers et al., 2008). Education systems are allocating extensive
funds to professional development. While most teachers do receive some professional
development each year, measurable effects are hard to demonstrate due to lack of consistency,
content focus and coherence among the professional development activities provided.

States can improve the use of resources and increase their policy role with teacher professional
development through reference to findings from research and evaluation. Research on the state
role in teacher development has been mostly limited to case studies of specific state initiatives or
policies, and organizational characteristics related to program delivery (e.g., Cohen & Hill,
2001). Teacher education and professional development programs conducted by institutions or
providers supported by states and districts are evaluated as separate entities, and evaluation
criteria and methods are diverse. Policymakers thus find it difficult to gain a comprehensive
picture of what works best in improving teacher skills and knowledge or even what effect
different amounts of coursework or pre-service education make a difference in improving
teaching.

Also, states now have better access to data for measuring effects of programs on student
achievement. NCLB did and still continues to provide funding and support for statewide
integrated data systems with student and teacher records that provide for longitudinal analysis of
student achievement and measuring improvement from grade to grade, and about half the states
have received competitive grants to improve longitudinal data systems (National Center for
Education Statistics, n.d.). States and districts are in a better position to employ large data bases
to analyze the effects of specific program interventions, such as teacher professional
development, than they were even three years ago. Now, analysis of state data from education
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information systems is supported by a new federally-supported center—National Center for
Analysis of Longitudinal Data in Education Research or CALDER (Harris & Sass, 2007).

Study Questions

The CCSSO meta analysis study focused on identifying research from recent studies that
measure effects of teacher professional development with a content focus on math or science.
The meta analysis was carried out to address two primary questions:

1) What are the effects of content-focused professional development for math and science
teachers on improving student achievement as demonstrated across a range of studies?

2) What characteristics of professional development programs (e.g., content focus, duration,
coherence, active learning, and collective participation of teachers) explain the degree of
effectiveness, and are the findings consistent with prior research on effective professional
development (e.g., content focus, duration, coherence, active learning, and collective
participation of teachers)?

One goal of the present paper is to report on the results of the meta analysis which has been
completed by the CCSSO study team. A second goal of the paper is to report on the use of meta
analysis as a method for providing evidence for education decision-makers. The paper describes
the methodology developed and carried out by the CCSSO team. With the current needs of
education leaders for scientifically-based research evidence of program effects, we can report on
the process for conducting this meta analysis as an important outcome of the study. The study
results also include a set of common criteria for identifying studies demonstrating significant
effects and how statistical procedures are used to establish acceptable effect sizes across a range
of studies with varying treatments, sample sizes, and outcome measures. The paper will outline
the meta analysis steps toward identifying accepted studies and effects, and then describe the
important programmatic findings gained from the studies.

The meta analysis study data collection follows the broad logic model for evaluating professional
development developed in previous CCSSO projects (see Figure 1). In particular, the meta
analysis study design centered on two areas: capturing the characteristics of the professional
development models discussed in the studies, and documenting the resulting measurable student
outcomes the studies attribute to the professional development programs.
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Figure 1: Logic Model

High Quality PD
e Content-focused Teacher Instruc.tional
; . Knowledge & > Practices
e Active Learning E— Skills
e Coherence
e Duration/Frequency l
e Collaborative
Participation
Effects on Students
e Measures of Achievement
e Cohorts over Time
e Student Unit Records
e Linked to Teachers
Study Design

The design for the CCSSO meta analysis built on prior studies in education (Borman et al., 2002;
Yoon et al., 2007; Lipsey & Wilson, 2001) and applied it to findings about professional
development across states and districts. The study design had four basic steps:

1) identification and collection of potential studies,

2) determination of study eligibility and conduct coding process,
3) data analysis, and

4) reporting and dissemination.

Figure 2 illustrates the process in more detail.

At the start of the CCSSO meta analysis, discussions with researchers from the American
Institutes for Research (AIR) who were conducting a teacher professional development
systematic review for the Southwest Regional Educational Laboratory (REL Southwest)
precipitated adjustments in the literature search for the CCSSO study. Whereas the AIR-REL
Southwest project focused on only published studies that cover reading/English language arts,
mathematics and science from Australia, Canada, the United Kingdom and the United States, we
widened our literature search to include unpublished works and yearly evaluation reports from
ongoing projects.

From May through November 2007, we conducted an intensive electronic search using the
following databases and meta-databases: ERIC, PsycINFO, ProQuest, EBSCO host Academic
Premier Search and Education Abstracts, Dissertation Abstracts, and the database of the
Campbell Collaboration. Search words used included “professional development,” “staff
development,” “math,” “science,” “research study,” and “student achievement.” We also
reviewed the online database Teacher Qualifications and Quality of Teaching
(http://ott.educ.msu.edu/tqqt/).
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Figure 2: Overview of the study design
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In addition, searches were conducted targeting certain periodicals, namely, Review of
Educational Research, Educational Evaluation and Policy Analysis, Education Policy Analysis
Archives, TC Record, Journal of Research in Science Teaching, Science Education, Electronic
Journal of Science Education, Research in Science & Technological Education, Journal of
Science Education and Technology, Electronic Journal of Literacy Through Science, Taylor and
Francis Group of scholarly periodicals, Journal of Chemical Education, ERS Spectrum, and
School Science and Mathematics. Journals from associations such as the National Association
for Research in Science Teaching, the Association for Science Education, and the American
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Educational Research Association (AERA) were reviewed. With the latter, additional searches
were conducted among the 2007 annual meeting abstracts to identify potential documents.
CCSSO also examined the publications and databases of key research centers including RAND,
Research for Better Schools, the Center for Research on the Education of Students Placed At
Risk (CRESPAR), Consortium of Policy Research in Education (CPRE) and the Center for
Comprehensive School Reform and Improvement. Lastly, CCSSO solicited principal
investigators listed in USDOE Teacher Preparation Continuum, NSF MSP projects, IES funded
projects, and Local Systemic Initiative (LSI) study sites.

Cross-checks were also conducted using the prior reviews in teacher professional development.
In particular, documents that were identified in the AIR-REL Southwest studies that passed its
prescreening phase, reports that were included in the review conducted by Abt Associates
(O’Reilly & Weiss, 2006; Scher & O’Reilly, 2007) and in the seminal Kennedy review (1998)
were highlighted for inclusion.

As aresult, 416 reports were identified for pre-screening. A review of their abstracts eliminated
82 percent or 342 reports because they were deemed irrelevant based on the pre-screening
criteria (see Table 1). The remaining 74 documents were screened by a team of trained coders.

Table 1: Pre-Screening Criteria

Criterion Description
Topic Focus The document discusses the effects of inservice teacher professional
development on student learning.
Population Focus The study sample focused on teachers of mathematics and/or science
and their students in grades K-12,
Study Design The document discusses an empirical study.
Outcomes The document must report direct student achievement outcomes, not
distal student outcomes such as feelings, impressions or opinions from
students about their learning.

Time Frame The document had to be released between Jan. 1, 1986 and August 31,
2007.
Country The study had to take place in the United States.
Coding Form

We adopted the coding form and reconciliation form used by AIR in their review (see Appendix
A). The coding form was a systematic template that simultaneously assisted coders in
classifying the pool of potential studies for inclusion as well as collect information from each
study that was used in the meta analysis. The coding form appeared as an Excel file with
multiple spreadsheets. A coder used the first spreadsheet to record his or her determination that
the document 1) presents an empirical study with quantitative data on an in-service professional
development program for teachers of math and/or science and includes student achievement
outcomes; 2) uses a research design that produces valid and measurable results; 3) reports at least
one effect size or provides sufficient data to compute at least one effect size; and 4) records some
professional development characteristics. At each step (see Figure 3) the study was sorted for or
against further consideration and inclusion. Subsequent spreadsheets in the file collect data that
were used for the meta analysis: student and teacher outcome measures, sample sizes of teacher
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and student populations, teacher and student characteristics, attributes of the professional
development program or initiative, and statistical data from the study’s results that when entered
will automatically compute effect sizes based on the student outcome measures. Information on
the completed coding sheet was transferred to the reconciliation form which recorded input from
both coders assigned to review the document. A third member reconciled any conflicting codes
recorded by the coders and presented the final data through the reconciliation form to be entered
for data processing and analysis.

We recruited and trained a cadre of graduate students (mostly doctoral students in education and
statistics) from Florida State University, George Mason University and George Washington
University to code the 74 pre-screened documents. Initial full-day training was followed up a
week later with a one-hour post-training session to gauge coders’ comfort level with the task on-
hand and addressed any lingering general questions about the coding process. At the end of the
full-day training session, coders were assigned to specific documents and to work in rotating
teams of two. Coding and reconciling assignments are rotated throughout the coding process to
maintain independent and unbiased reviews. Using a password-protected open source online
portal run by Liferay called “Communities,” the coders worked remotely and asynchronously
and posted their results onto a common area. Disputes in coding were settled by having an
assigned reconciler who made final judgments for each question in the coding form. Questions
and comments during the process of coding were conducting either over the phone, email, or in
the communities comment page.

Figure 3 illustrates the three stages of coding each pre-screened document underwent and the
resulting documents that cleared each step.
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Figure 3: Flow of Documents Reviewed and Included in the Meta Analysis Study

Stage |, Pt. 1

To determine if a document meets the following
criteria: empirical quantitative research paper on
an in-service PD program for teachers of math
and/or science with student achievement
outcomes

Total # of Documents 74
# of Documents Rejected 41
# of Documents Passed 33
Inter-rater Reliability Rate 0.81

(=60/74)

Stage |, Pt. 2

To determine if a document’s research design
would validly produce measurable results

Total # of Documents

33

# of Documents Rejected 11
# of Documents Passed 22
Inter-rater Reliability Rate 0.91

(=30/33)

|

Stage Il

To determine if a document has enough data to
compute an effect size or reports an effect size

Total # of Documents

22

# of Documents Rejected 2
# of Documents Passed 20
Inter-rater Reliability Rate 0.95

(=21/22)

|

Post-coding To determine comparable effect sizes for each
document for meta analysis

Total # of Documents 20

# of Documents Rejected* 4

# of Documents Passed 16

The flow chart shows that 55 percent of the 74 documents that passed the pre-screening criteria
failed at Stage I, Part 1, primarily because the documents did not meet the criteria. For example,
one document that did not continue to the next round of screening focused more on a comparison
of two curricula programs and not on professional development.

A third of the documents failed to move on to Stage II, mainly for shortcomings in meeting the
criteria for any of the four types of eligible research designs: randomized controlled trials
(RCTs), quasi-experimental (QED), single-subject or regression discontinuity. For example, one
document’s study was initially determined to be QED but provide scant description of variables
by which the treatment and comparison group of teachers and their students were matched to be
comparable. Another document failed because it reported a study that used an ex post facto
(causal-comparative) research design and compared overall 4th and 6th grade scores at the
district level from statewide assessments.
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In Stage II of the screening process, two out of the 22 documents were eliminated from further
consideration. One document had insufficient information to calculate an effect size. The other
document was later found to focus much more on curriculum than on professional development.

Moreover, several documents were rejected during the post-coding stage when effect sizes were
calculated using non-standard formulas. One document was found to be an earlier version of
another, more complete report. After further review, a second document did not have sample
size data to compute an effect size. A third document utilized hierarchical linear modeling as its
quantitative analysis, but failed to provide sufficient information for the researchers to calculate a
posttest effect size comparable with those from other documents. Finally a fourth document was
eliminated after a series of homogeneity tests (see Appendix C) were run which showed that it
had generated unusually large effect sizes.

Figure 3 also notes the inter-rater reliability at each stage of the coding process. The inter-rater
reliability rate illustrates the degree of agreement between the assigned coders. As shown, the
inter-rater reliability ranged from .81 to .95, showing a high degree of agreement between the
two coders.

Results from the Coding Review

The coding and review process and the post-coding statistical analysis yielded 16 documents of
studies to be included in the meta analysis, with two studies covering the same initiative, the
Northeast Front Range Math/Science Partnership (MSP). The documents (from this point
forward will be referred to as “studies”) are listed in Table 2. Twelve studies reported on math
professional development and student achievement effects and four studies reported on science.
Six studies had randomized control trial or RCT designs, of which only one was in science. The
other ten studies were conducted using a quasi-experimental design (QED) which requires
matched treatment and comparison groups. Of those, three were on science, with the remainder
dealing with math. Ten of the studies covered elementary grades (grades 1 through 6), seven
covered middle grades (grades 7 and 8), and three reported results in the high school level.

Several types of student assessment instruments were used to generate measurable results for
students across the studies. Eleven of the sixteen studies used at least one nationally known
assessment or statewide standardized assessment. The remaining five relied on assessments
specific to the professional development initiative and evaluation. The Lane study used released
test items from the Colorado Student Assessment Program (CSAP), while the Jagielski study
used released test items released from the National Assessment of Educational Progress (NAEP).
Although on their own these are widely known standardized assessments, the use of specific test
items from their respective pool suggests intent by the researcher to capture a specific
phenomenon associated with the professional development initiative. Nine kinds of criterion-
referenced instruments were used, including state assessments—Texas Assessment of Academic
Skills (TAAS), Colorado, and Oregon Technology Enhanced State Assessment (TESA). Six
national norm-referenced tests were employed in the studies—Metropolitan Achievement Test
(MAT), the Iowa Test of Basic Skills (ITBS), ACCUPLACER, Terra Nova, and the Northwest
Education Association Assessments (NWEA).
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Six of the 16 studies relied on assessments that were unique to the project in order to measure
student performance. These studies had small- to medium-sized groups of teachers participating
in the professional development program, with a range of three teachers in one study to 87 in
another. The number of assessed students varied from 63 to 936. Two studies aggregated
student results to the classroom level, with one having 17 classes of students and another 20
classes. Ten of the studies utilized quasi-experimental designs (QED) that relied on comparable
groups of teachers and students, while six studies had utilized random assignments of teachers to
the treatment or control groups.
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Table 2: List of Identified Studies and Ke

Study Characteristics

Treatment Treatment
Teachers N Students N
Publication Study Content Size (All Size (All Student Outcome
Study Status Design Area School Level Teachers) Students) Measure Test Type/
Carpenter, et Journal RCT Math Elementary 20 (40) 20 (40, by ITBS (Level 7 National/Norm-
al., 1989 Article class) referenced
Interviews on number facts | PD-specific/
& problem
Study-specific tests (Scale PD-specific/
1,2,3)
Dickson, 2002 | Dissertation | QED Science | Middle 8™ & | 4(8) 86 (165) Texas Assessment of State/Criterion-
High (9" & 10™) Academic Skills (TAAS) referenced
(8"
End-of-Course Biology Test | State Norm-
(9" & 10" referenced
Heller et al., Report RCT Math EIementarP]/ 48 936 (1971) Math Pathways and Pitfalls | PD-specific
2007 (2" 4™ 6N (MPP) Pitfalls Quiz
Jagielski, 1991 | Dissertation QED Math Elementary 43 (70) 63 (70) Study-specific assessment | PD-specific/Criterion-
(3"- 6‘“) Middle MCIP/89 using released referenced
7", 8" NAEP test items
Lane, 2003 Dissertation QED Math Elementary 12 (22) 245 (490) Constructed CSAP PD-specific/Criterion-
referenced
META Report QED Math Middle 6", 7", | 19 (39) 495 (767) Colorado Student State/Criterion-
Associates, 8™ Assessment Program referenced
2006 (CSAP)
META Report QED Math Middle 6™, 7", | 17 (40) 1099 (2256) | Student achievement as State/Criterion-
Associates, 8”‘) measured by Colorado referenced
2007 Student Assessment
Program (CSAP)
Meyer & Report QED Math Middle 6", 7", | 31(155) (7813) Metropolitan Achievement | Local/Criterion-
Sutton, 2006 8" ) Test (MAT) referenced
Criterion Referenced Test Local/Criterion-
referenced
Niess, 2005 Report RCT Math Elementazy 24 (42) 310 (985) Technology Enhanced State/Criterion-
Middle (3' 8”‘) State Assessment (TESA) referenced
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Table 2 — continued

Treatment Treatment
Teachers N Students N
Publication Study Content Size (All Size (All Student Outcome Test
Study Status Design Area School Level Teachers) Students) Measure Type/Reference
Palmer & Report QED Science Elementary 16 (43) 396 (792) Northwest Evaluation National/Norm-
Nelson, 2006* (5™, 6M), Middle Association (NWEA) referenced
(7™, 8™ & High assessments
(9th’ 10th)
Rubin & Journal RCT Science Middle 7 (16) 108 (324) Middle Grades Integrated PD-specific/Not
Norman, 1992 | Article Process Skill Test (MIPT) reported
Group Assessment of Nat'l-Int’l/Criterion-
Logical Thinking Test referenced
(GALT)
Saxe, Journal QED Math Elementary 17 (6) 17 (23, by Study-specific assessments | PD-specific/Not
Gearhart, & Article class) (Computational Scale) reported
Nasir, 2001
Study-specific assessments | PD-specific/Not
(Conceptual Scale) reported
Scott, 2005 Dissertation QED Science Elementary 3 (6) 66 (100) lowa Test of Basic Skills National/Norm-
(3 (ITBS) referenced
Siegle & Journal RCT Math Elementary 7 (15) 430 (872) Math Achievement Test National/Norm-
McCoach, Article (5™ referenced
2007
Snippe, 1992 Report RCT Math High 87 (198) 114 (274) Terra Nova National/Norm-
referenced
ACCUPLACER National/Norm-
referenced
WorkKeys National/Criterion-
referenced
Walsh- Dissertation QED Math Elementary 4 (6) 78 (111) PSG Achievement PD-specific/Not
Cavazos, (5”‘) Assessment reported
1994
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Reporting and Analyzing Effect Size

An effect size (ES) is the “difference on a criterion measure between an experimental and a
control group divided by the control group’s standard deviation” (McMillan & Schumacher,
1997, p. 148). It provides a measure common across all the studies and gives a sense of the
magnitude of the effect a treatment has on a dependent variable. For the CCSSO meta analysis
study, we analyzed the effect teacher professional development has—in its various forms
presented by the programs described in the studies—on student achievement outcomes (Lipsey
& Wilson, 2001).

The sixteen studies generated a sum total of 104 effect sizes. Table 3 reports several example
effect sizes for each study as well as the range, and features the variety of effect sizes resulting
from the many measures possible per study, including posttest only and pretest-posttest gains.
The number of effects for each study ranged from two to 21 effects with an average of 6.5 effects
per study. Six of the studies reported only two effect sizes. The Meyer and Sutton study
reported ten effect sizes due to the abundance of test results generated from having three grades
tested—grades 6 , 7 and 8—and from two types of tests that had several constructs such as
concept and problem-solving, math procedures, algebra, computation, data analysis, geometry
and measurement, and numeration. The Snippe study generated 21 effect sizes because all three
standardized tests—Terra Nova, ACCUPLACER, and WorkKeys—were administered to six
different study sites. The Jagielski study produced twenty effects as a result of comparisons of
two treatment groups to the control group across five different test questions set according to
NAEP proficiency levels. When analyzing multiple effects, we need to consider whether the
effects are produced from independent samples of teachers and students. Dependence among
effect sizes can arise when data are not drawn from independent samples.

To apply a meaning to the use of effect sizes for educators, one challenge is to translate the ES to
something meaningful, e.g., practical effects, and Cohen’s d statistic provides a useful guide
(Lipsey & Wilson, 2001). Using the Cohen’s d standard guidelines for effect sizes, 56 percent of
the effect sizes in our study are small—0.01 to 0.2 is considered small. Twenty percent of the
effect sizes were negative, suggesting that students of teachers who received the professional
development treatment fared worse than their counterpart students. Nearly 8 percent of the 104
studies are considered to have small-medium or medium effect sizes, with medium set at d = 0.5.
Only two effect sizes, one stemming from the Saxe et al. study (ES = 2.54) and another from the
Snippe study (ES =.79) can be considered large ES, with five other studies coming close with
ES ranging from .68 to .78. Appendix B provides a complete and detailed listing of all the
effect sizes generated from each study.
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Table 3: Example Effect Sizes Reported in Studies

Number of Range of Effect
Effects Sizes Student Outcome Measure Effect Size Cohen’s d
Study (Total=104) Standard
Caroenter. et al Average posttest results from lowa Test of Basic Skills (ITBS) 0.39 Small
1988 ' N 7 0.11 to 0.69 Interviews on number facts & problem 0.68 Medium
Average across Scales 1-3 of study-specific test 0.32 Small
. Texas Assessment of Academic Skills (TAAS) (8™) 0.10 --
Dickson, 2002 2 0-1010043  I"End-of-Course Biology Test (9" & 107) 0.43 | Small-medium
P Th -
Heller et al., 2007 6 0.27 10 0.76 P_retest-po_sttest gain (4™) on Math Pathways and Pitfalls (MPP) 0.69 Medium
Pitfalls Quiz
. . i Average of pretest-posttest gains of both treatment groups on _—
Jagielski, 1991 20 0.42100.78 study-specific assessment-Level 250 NAEP test item 0.77 Medium-large
Lane, 2003 2 0.081t00.13 Pretest-posttest gain on Constructed CSAP 0.13 Small
. . th —th qth
META Associates, 6 15210 0.22 Average of pretest-posttest gains (6™, 77, 8") on Colorado Student 0.13 Small
2006 Assessment Program (CSAP)
META Associates, i Pretest-posttest gain on Colorado Student Assessment Program i _
2007 2 0.19t0 0.11 (CSAP) 0.19
Average of overall posttests (6", 7") in Metropolitan Achievement ] B
gﬂoeggr & Sutton, 10 0.10t00.13 | Test (MAT) 0.02
Overall posttest in Criterion Referenced Test 0.10 Small
Niess, 2005 4 -0.14 10 0.37 Pretest-posttest gain (Middle) in Technology Enhanced State 011 Small
Assessment (TESA)
Palmer & Nelson, ] Pretest-posttest gain (Grades 3™, 5, 6™) in Northwest Evaluation
2006 5 021100.11 Association (NWEA) assessments 0.11 Small
Pretest-posttest gain (Treatment vs. Control 1) in Middle Grades 0.64 Medium
Rubin & Norman, 8 036 10 0.64 Integrated Process Skill Test (MIPT) '
1992 ' ' Pretest-posttest gain in (Treatment vs. Control 1) Group 0.12 small
Assessment of Logical Thinking Test (GALT) '
Saxe, Gearhart, & i Average posttest results from study-specific assessments
Nasir, 2001 6 1.55102.54 (Conceptual Scale) 1.63 Large
Scott, 2005 2 0.20to0 0.54 Pretest-posttest gain on lowa Test of Basic Skills (ITBS) 0.20 Small
§(|)e097Ie & McCoach, 2 0.20t0 0.22 Cluster result on Math Achievement Test 0.20 Small
Terra Nova -0.01 --
Snippe, 1992 21 -0.431t0 0.79 ACCUPLACER 0.20 Small
WorkKeys .06
Walsh-Cavazos, 2 0.26 to 0.56 Pretest-posttest gain PSG Achievement Assessment 0.26 Small

1994

16
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Reviewing across studies, most of the effect sizes from the 16 studies are found to be modest.
This often stems from controlling for prior testing results from both the treatment and
comparison groups and examining if and by how much did students taught by teachers in the
treatment group gain relative to their respective comparison group. For example, in the Niess
(2005) study, students of teachers who participated in the professional development activities
associated with the High Desert Math Science Partnership (MSP) initiative did improve on the
state’s standardized assessment (posttest ES = .13). However, after controlling for their prior
performance on the assessment and comparing it to their counterparts whose teachers did not
participate in the High Desert MSP initiative, the results remain positive but smaller (pretest-
posttest gain ES = .10). A similar difference in effects between pre-post effect size and post-test
effect size was found in the study results from Palmer and Nelson (2006), Meta Associates
(2006), Lane (2003), Scott (2005), and Walsh-Cavazos (1994).

Another factor that may result in the modest effect sizes is the use of standardized assessments to
capture student measurable outcomes as a result of the professional development initiatives. All
the aforementioned studies used either statewide criterion-referenced assessments or nationally
norm-referenced assessments. These tests may not be fine-tuned to capture the areas that the
professional development initiatives are intending to impact. For example, the Lane study
examined a professional development initiative with an objective of improving the problem-
solving and reasoning skills of fifth grade students by deepening their teachers understanding of
math concepts and providing them teaching strategies in problem solving and in modeling the
use of questioning and critical thinking and new vocabulary to their students. The Colorado
Student Assessment Program’s standardized tests may not have captured the full measure of
student gains in as a result of the professional development the students’ teachers received.

Looking at it another way, studies that utilized student measures that are closer to the heart of
what the professional development is intended to impact, do report larger effect sizes. In the
Rubin and Norman study (1992), the researchers were evaluating a professional development
initiative which trained middle school teachers in science processing skills and ways to model
the science processing skills to their students. The study utilized the Middle Grades Integrated
Process Skills Test (MIPT), a lesser-known assessment that measures student proficiency in
understanding the skills with which scientists use to explore and analyze a phenomenon. Not
surprisingly, the study found that students whose teachers participated in the professional
development had greater understanding of the process skills compared to their non-equivalent
counterparts whose teachers did not receive the professional development, even after controlling
for prior performance (MIPT ES =.63). Similar cases can be found with the interview results
from the Carpenter et al study (1989) with an ES of .68, Saxe, Gearhart and Nasir study (2001)
with ES of 1.63 resulting from average posttest results on the conceptual scale of their study-
specific assessment. Jagielski utilized released NAEP items for formulating her study-specific
assessment, and the test items were selected as items to measure problem solving abilities of
students with teachers who received (or did not receive) training in the problem solving standard
from the NCTM Curriculum and Evaluation Standards for School Mathematics. Thus, it was not
surprising to find that the pretest-posttest gain ES for the two treatment groups was .77 on one
test item.
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Two studies had more than one treatment group or comparison group. The Rubin and Norman
study involved two control groups. The treatment group of teachers received professional
development in the use of a systematic modeling strategy to increase the scientific approach
process skills. The treatment group is compared to a control group of teachers that received
training on a substitute strategy, the learning cycle. The second comparison group received no
special training. Table 3 shows that students of teachers who received training in the use of the
systematic modeling strategy exhibited a significant positive difference in their achievement
process than their peers whose teachers received no special training.

The Jagielski study utilized a train-the-trainer model and thus involved two treatment groups.
The first treatment group teachers attended problem-solving workshops at Loyola University and
were trained by university staff. The second treatment group was composed of in-school
colleagues recruited by teachers who attended the workshops. Both groups were compared
against teachers who received no training. Table 3 shows that on average students of either
treatment group exhibited a significant positive difference in their ability to understand the basic
mathematical operations (addition, subtraction, multiplication, and division) and apply it in
simple one-step word problems and in analyzing graphs and charts, as compared to their control
counterparts.

Professional Development Features

The designs for providing professional development with teachers in the target, or treatment,
group vary widely across the 16 studies in the meta analysis. It is possible to observe several
patterns in the descriptive data for the set of professional development “programs” which
typically include a combination of activities for improving teacher knowledge and skills.
Content focus is not reported as a separate category in the table, but the content focus for
teachers is consistently found in the descriptions of “Teacher Learning Goal.” Content focus was
a primary selection criterion for the meta analysis, and all the programs reported here sought to
increase content knowledge of the teachers.

Table 4 displays the features by study and they varied considerably across the studies. First, the
projects vary widely in time (contact hours) of professional development and duration (or
overall period when implemented). Given that all of the studies reported did show positive
effects on student achievement, we can see that there is an inconsistent pattern in the relationship
of time and duration to effects. For example, the professional development initiatives included
in the 16 studies are widely differing in total amount of time. One professional development
design provided only two hours of further education for teachers, six studies reported less than
20 hours were devoted to teacher development, and four of the designs included a combination
of activities totaling over 100 hours of teacher development. Current research shows that
consistent effects are found when teachers have received over 100 hours of professional
development (Banilower et al., 2006).
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Table 4: Professional Development Features of the Studies

Study Professional Teachers PD Provider Months PD Teacher Active
Authors, Year Development Teacher Learning Goal Location Agency Duration Components Learning
Carpenter, et Cognitively Guided First grade teachers participate in a 24 schools in Researchers/ 80 4.5 Summer institute Classroom
al., 1989 Instruction (CGI) 4-week summer workshop to learn Madison (WI) Authors Coursework mentoring

about research findings on learning metropolitan In-service activity Professional
and development of addition and area Study group Network
subtraction concepts in young Self-directed
children and apply that learning in the
classroom
Dickson, 2002 Inquiry Institute K-12 teachers participate in an Suburban school | School District 24 8 In-service Activity Professional
Science inquiry-based staff development district north internship network
program from “Immersion into central Texas
Science” model (Loucks-Horsley et
al, 1998)
Heller et al., Mathematics 2", 4™ and 6"- grade teachers Five diverse Researchers/ 10 8 Summer institute Lead instruction
2007 Pathways and Pitfalls | received introductory training and districts across Authors In-service activity Observe
(MPP) practice on strategies to motivate the U.S. Internship
students to be critical thinkers of their
math learning through logic and
discourse
Jagielski, 1991 Mathematics Train-the trainer model, teachers Chicago, IL University 36 8 In-service activity Lead instruction
Curriculum receive training in problem-solving as Conference Lead discussion
Improvement Project recommended by the National Study group Professional
Council of Teachers of Mathematics network
(NCTM) standards
Lane, 2003 Problem-solving and Improve 5th grade teachers Five schools Researcher/ 17 8 In-service activity Develop
reasoning Math knowledge of math concepts, from the same Author Study group assessment
problem solving, questioning & school district in Observe
critical thinking, and new vocabulary Colorado
META Northeast Front Middle school math and science Five school Four Colorado 120 7.5 Summer institute Lead instruction
Associates, Range Math/Science teachers participate in 2-week districts in universities In-service activity Observe
2006 Partnership (MSP) summer institutes, follow-up Colorado front science/math Coaching Develop
Saturday institutes and lesson study range faculties and one Mentoring assessment
to gain content and pedagogical science museum Professional
knowledge in geometry, earth/space network
science, force & motion, and/or life
science
META Northeast Front Same as META Associates, 2006 Same as META Same as META 120 7.5 Same as META Same as META
Associates, Range Math/Science Associates, 2006 | Associates, 2006 Associates, 2006 Associates, 2006
2007 Partnership (MSP)
Meyer & Sutton, | Math in the Middle Train and support Grades 5-8 math Lincoln, NE University of 540 16 Summer institute --
2006 Institute Partnership teachers in math content knowledge Nebraska- In-service activity
enrichment, improved instructional Lincoln; Courses
strategies, and leadership skills Education
Service Units
Niess, 2005 High Desert MSP Increase grades 3-8 math teachers’ Five school Oregon State 304 8 Summer institute Professional
Math teaching ability to teach the subject by districts in University In-service activity network
enriching their content and central Oregon Lead instruction
pedagogical math knowledge, and Observe

incorporating collaborative
techniques.
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Table 4 - continued

Study Professional Teachers PD Provider Months PD Teacher Active
Authors, Year Development Teacher Learning Goal Location Agency Duration Components Learning
Palmer & REC Lesson Study For Grades 5-12 science teachersto | Ten school MN university, 60 8 Summer institute Lead instruction
Nelson, 2006 Science increase content knowledge-- 2-week | districts in Schwan Food, Study group Develop

summer institute, improve pedagogy Minnesota APEN Assoc, Assessment
with Lesson Study, and apply new Global Observe
knowledge by designing lessons to Education Professional
present to class. Resources network
Rubin & Systematic Modeling Train middle school teachers in Detroit, Ml Wayne State 30 3 Courses --
Norman, 1992 Strategy Science science process skills and modeling University In-service activity
Teaching teaching strategy for teaching Mentoring
science process skills to their
students
Saxe, Integrating IMA: Teacher learning focused on Los Angeles Researchers/ 41 8 Summer institute Lead instruction
Gearhart, & Mathematics math concepts, understanding metropolitan Authors In-service activity Develop
Nasir, 2001 Assessment (IMA) or children’s math, achievement area Study group assessment
Collegial Support motivations, integrated curriculum Mentoring Observe
(SUPP) focus on fractions, measurement, & Internship Professional
scale. Collaboration with other Network
teachers interested in reformed (vs.
traditional) instruction. SUPP:
Teachers receive support and
collaborative opportunities with
others for implementing units on
fractions, measurement & scale
Scott, 2005 TEAMS Professional Build a community of professional Suburban-Urban | School District 168 8 In-service activity Professional
Development Model learners, focus on instructional district Texas Summer institute network
alignment via lesson studies, and metropolitan Conference Lead discussion
established mentoring peer coaching | area Study group Classroom
through multiple activities and Coaching mentoring
supports. Mentoring Observe
Siegle & Self-Efficacy Train 5" grade math teachers in self- | Ten districts University of 2 1 day In-service activity Lead instruction
McCoach, 2007 | Teaching Strategies & | efficacy teaching strategies in 3 varying urban, Connecticut Coaching Professional
Implementation Math areas: 1) goal setting, 2) teacher suburban, rural network
feedback, 3) modeling followed by an | in six states (MA,
implementation of measurement unit MD, MI, MT, NC,
curriculum designed by the NE)
researchers
Snippe, 1992 National Research Teams of career and technology Teachers from University of 14 3 days In-service activity Professional
Center for Career and | education (CTE) and math teachers several states; Minnesota Study group network
Technical Education learn how to improve math instruction | providers Classroom
(NRCCTE) model embedded in CTE curricula by team traveled to each mentoring
building, using curriculum maps location
aligned by math concept and CTE
curricula, designing lesson plans that
incorporate the NRCCTE model's
seven elements.
Walsh- Probability, Statistics, | Teachers participate in 12 hour South Texas Researcher/ 12 3 days In-service activity --
Cavazos, 1994 and Graphing (PSG) training in PSG module, involving school district Author
Module manipulatives, problem-solving, and
concept-development techniques
Mean | 91 hrs. 6 mos. 3.3 activities 2.1 types
Range | 2 - 540 hrs. lday - 16mos. | 1 - 6 activities 1- 4 types
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The professional development designs reported in the 16 studies were carried out from 1990 to
the present. The federal legislation and regulations under NCLB encouraged states and districts
to plan teacher development for a given teacher to include more hours over a longer duration,
which reflects the research studies of the 1990s. The studies reporting the largest number of
hours of development time per teacher were carried out since 2000.

The providers of professional development in these studies are primarily from universities, and
the researcher/evaluator producing the study is often from the same institution. It is likely that
having access to evaluation expertise in a university is a major advantage for providers of
professional development, and student achievement effects is likely enhanced by the professional
development providers being with a university.

One key finding from Table 4 is the evidence of multiple professional development activities,
follow-up steps with teachers in their schools, and active learning methods that were used with
teachers. The descriptive information on the professional development provided in these
programs that did have effects on improving student achievement show confirmation of evidence
from prior research on the importance of continuing learning reinforcement activities after the
initial period of teacher training or intensive knowledge development such as through a summer
institute. These effective programs included from two to six different types of activities,
including coaching, mentoring, internship, professional networks, and study group, in addition to
coursework or initial in-service education. The meta analysis of studies was somewhat limited in
being able to identify all activities that were carried out. But even so, the review procedures for
the 16 studies produced strong evidence of active methods of teacher learning during
professional development such as leading instruction, discussion with colleagues, observing
other teachers and developing assessments, and professional networks.

Another key finding revealed in Table 4 is the nature of teacher learning goals in the
professional development designs. Each of the brief descriptions shows clearly that these
programs focused on helping teachers improve their knowledge of how students learn in the
specific subject area, how to teach the subject with effective strategies, and the important
connections between the subject content and appropriate pedagogy so that students will best
learn. It is apparent that these programs were well planned to maximize the use of time with
teachers so that the content of the professional development could be directly translated by the
teacher into improvements in curriculum and instruction.

One finding from prior research was that effectiveness is improved with collective participation
of teachers; that is, teachers are learning with others from their school or department. To
maximize collective involvement of teachers, some designs focus on the whole school for
teacher development—all teachers are part of the training and assistance. The set of studies in
this analysis show mixed evidence of teachers’ collective participation in the professional
development. Several of the studies are clearly from programs focused at school-level (e.g.,
Dickson, 2002; Lane, 2003; Scott, 2005) and did involve teachers who are teaching in the same
context and thus are learning together. But other study descriptions indicate that teachers
traveled off-site, enrolled, or volunteered for the intensive initial content and pedagogy training
period, which would mean less chance of collective participation in development with their
teaching colleagues.
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Results from Analysis: Common Findings Across Studies

With the total number of effect sizes identified across the 16 studies in our meta analysis we can
examine the extent to which there are significant group differences. The results of the analysis
of means are displayed in Table 5, separately for Mathematics and Science. Our analysis first
categorized all the studies under mathematics or science and the method of measuring effect
(pre-post analysis vs. post-analysis only). In the mathematics education studies that employed
pre-post measures for determining effect size, a total of 21 effect sizes were reported and the
mean effect size was .21. Among the math studies that used a post-test only method of
measuring effects, a total of 68 effect sizes were reported and the mean effect size was .13. The
table below summarizes the differences in means and number of studies by major research and
measurement categories. We are focusing the analysis on mathematics. The number of effect
sizes for science teacher professional development studies was small (pre-post: 10 effect sizes,
post-analysis: 7 effect sizes) and the means for the effect sizes in each category were small and
not significantly different from zero. See Appendix C for details on computation of effect sizes.

Studies that used randomized control trials (RCT) had significantly larger effect sizes than
studies that were based on quasi experimental designs (QED) though both sets of studies also
showed significant heterogeneity. For the pre-post studies, the mean effect size was .27 for
those studies using random trials as compared to a mean of.17 for studies based on quasi
experimental designs, which is a significant difference although the mean effect sizes are not
substantively large (see Q values for both sets of math effects in Table 5a).

We also analyzed the mean effect sizes according to differences in the measures of student
achievement that were used in the studies. Based on 15 effect sizes, the studies that used a pre-
post test design and employed achievement measures that were aligned to the professional
development treatment objectives (e.g., treatment focus on teaching geometric concepts and
students are assessed on knowledge of geometric concepts) had a mean effect size of .32. Six
effect sizes were found for studies that used statewide assessment results in mathematics as the
outcome measure, and the mean effect size was only .01. Both of these sets of effects showed
significant heterogeneity as well.

For the studies that used a post-analysis only (comparing outcomes between treatment and
control groups of teachers), four types of achievement tests were found. The mean effect size for
the 25 effects based on a program-specific student assessment was .28, a moderate average effect
that is educationally meaningful. The mean for 25 effects based on national norm-referenced
assessments was .17, a statistically significant result but a smaller effect size. The mean effect
size for 11 studies that used local achievement tests was .05, a statistically significant finding but
an average indicating less educational importance. The studies that used statewide criterion-
referenced assessments had a small mean negative effect size (-.07) indicating no average
positive effect and there was wide variation in effect sizes across the seven studies.
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Table 5a: Mean Effect Sizes for Teacher Professional Development Effects On Student Achievement, Mathematics Studies

Math Post-
Math Pre- Only
Post Mean Mean
Effect Size N Effect Size N
Categories (SE) Effects 95 % CI Q statistic (SE) Effects 95 % CI Q statistic
Math Studies 0.21 (0.08) 21 (0.06, 0.36) Qr=153.72* 0.13 (0.03) 68 (0.07, 0.20) Qr =328.78*
Research Design Qs(1) = 46.12* Qs(1) = 66.72*
RCT 0.27 (0.13) 5 (0.01, 0.53) Qw =53.24* 0.26 (0.05) 35 (0.16, 0.35) Qw =78.37*
QED 0.17 (0.08) 16 (0.01, 0.34) Qw =54.35* 0.04 (0.04) 33 (-0.04, 0.11) Qw = 183.70*
Measure Type Qe(1) = 84.46 Qze(3) =90.43*
PD Specific 0.32 (0.08) 15 (0.16, 0.49) Qw =46.81 0.28 (0.09) 25 (0.10, 0.46) Qw =91.73*
State Criterion- Referenced 0.01 (0.08) 6 (-0.15, 0.16) Qw =22.45 -0.07 (0.14) 7 (-0.35, 0.21) Qw =111.25*
National Norm-Referenced -- -- -- 0.17 (0.04) 25 (0.10, 0.24) Qw =16.33
Local Test - - - 0.05 (0.02) 11 (0.02, 0.09) Qw = 19.05*

N Effects = number of effect sizes per category (across studies identified with at least one significant effect size); *p < .05; if Qy is significant a random-effects
model is applied. If Qy is not significant a fixed-effects model is applied. If Qy is significant a random-effect model is used for that category. Qgrefers to

differences between groups.

Table 5b: Mean Effect Sizes for Teacher Professional Development Effects On Student Achievement, Science Studies

Science
Science Pre- Post-Only
Post Mean Mean
Effect Size N Effect Size N
Categories (SE) Effects 95 % ClI Q statistic (SE) Effects 95 % ClI Q statistic
Science Studies 0.05 (0.08) 10 (-0.112, 0.20) Qr =31.57* 0.18 (0.24) 7 (-0.29, 0.64) Qr =84.15*
Research Design Qe(1)=1.36 Qg(1) = 33.23*
RCT 0.13 (0.20) 4 (-0.26, 0.53) Qw = 24.50* -0.15 (0.28) 4 (-0.71, 0.41) Qw = 47.99*
QED -0.02 (0.05) 6 (-0.12, 0.09) Qw =571 0.63 (0.16) 3 (0.32,0.94) Qw =294
Measure Type Qg(2) = 14.93* Qg(3) = 47.27*
PD Specific 0.39 (0.23) 2 (-0.07, 0.85) Qw =5.33* 0.12 (0.42) 2 (-0.71, 0.95) Qw =17.41*
State Criterion- Referenced -- -- -- 0.67 (0.16) 2 (0.35, 0.98) Qw=2.72
National Norm-Referenced -0.02 (0.05) 6 (-0.12, 0.09) Qw=5.71 0.54 (0.212) 1 (0.12, 0.96) --
International -.013 (0.24) 2 (-0.59, 0.34) Qw =5.61* -0.42 (0.42) 2 (-1.24, 0.40) Qw = 16.75*

N Effects = number of effect sizes per category (across studies identified with at least one significant effect size);*p < .05; if Q¢ is significant a random-effects
model is applied. If Qy is not significant a fixed-effects model is applied. If Qy is significant a random-effect model is used for that category. Qgrefers to

differences between groups.
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Professional Development Characteristics

We also conducted further analysis to examine any differences in mean effect sizes based on the
grade span covered by the studies and any differences according to professional development
design characteristics (see Table 6). We found that studies that targeted the elementary grades
had larger mean effect sizes than studies that targeted middle school or high school grades.
Fifteen effects from studies with the pre-post analysis design that covered elementary grades had
a statistically significant mean effect of .32. With a post-only analysis design, thirty effects
report a statistically significant mean effect size of .27. Furthermore, studies of professional
programs that provide mentoring for participating teachers have a negative mean effect size of
-.19, based on ten effects. Studies of programs that offer internships for their teachers have a
positive mean effect size of .20 for nine effects. Based on studies with pre-post analysis design
however, programs that offer collaborative networking for participating teachers show marginal
(ES =.01, n = 6 effects) or near zero impact.

Studies with pre-post analyses design of programs had 15 effect sizes in which coherence was
significant. Studies reporting two types of coherence have a mean effect size of .32 as contrasted
to -.19 (none), .12 (one type), and -.00 (three types). Studies using a post-only analysis design
had smaller effect sizes than those with pre-post analysis design. Post-only studies with two
types of coherence report a consistently positive though smaller mean effect size (.14).
According to research stemming from the Eisenhower study (Garet et al., 1999, 2001) and
CCSSO’s cross-state study (Blank et al., 2007), a professional development activity or program
is more likely to be effective if it is a) consistent with the teacher's school curriculum or learning
goals for students and/or aligned with state or district standards for student learning or
performance, b) congruent to the day-to-day operations of schools and teachers, and c)
compatible with the instructional practices and knowledge needed for the teachers’ specific
assignments. If the professional development program meets all three criteria and is aligned with
overall policies and practices in the teacher’s school system, then the professional development
program helps undergird a supportive environment that encourages improvement in teaching
practices and aids in the long-term sustainability of the changed practices (Grant, Peterson, &
Shojgreen-Downer, 1996).
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Table 6: Mean Effect Sizes and Certain Profession Development Designs and Characteristics, Mathematics Studies

Math Pre- Math Post-
Post Mean Only
Effect Size N Mean Effect N
Categories (SE) Effects 95 % ClI Q statistic Size (SE) Effects 95 % ClI Q statistic
Grade Span Qs (1) = 84.46* Qs(2) = 71.24*
Elementary 0.32 (0.08) 15 (0.16, 0.49) Qw = 46.81* 0.27 (0.07) 30 (0.14, 0.41) Qw =113.11*
Middle 0.01 (0.08) 6 (-0.15, 0.16) Qw = 22.45* 0.03 (0.04) 17 (-0.04, 0.10) Qw = 130.75*
High - - -- 0.11 (0.05) 21 (0.01, 0.22) Qw =13.68
PD Design Components
Receive Mentoring - Qs(1) =5.24*
Has Mentoring - - -- -0.19 (0.24) 10 (-0.67, 0.28) Qw = 152.16*
None 0.16 (0.03) 58 (0.11, 0.22) Qw =171.39*
Internship -- -- -- Qg(1) = 76.50*
Has Internship - - - 0.21 (0.19) 9 (-0.16, 0.58) Qw =76.12*
None - - -- 0.10 (0.03) 59 (0.04, 0.15) Qw=176.17*
Collaborative
Network (CB) Qg (1) = 84.46* -- -- --

Has CB 0.01 (0.08) 6 (-0.15, 0.16) Qw = 22.45* - - -

None 0.32 (0.08) 15 (0.16, 0.49) Qw = 46.81* - -- -
Active Learning -- -
Develop Assessment or
Review Student Work
(DA) - -- Qs(1) = 16.10*

Has DA 0.16 (0.03) 58 (0.11, 0.21) Qw =171.30*

None -0.20 (0.27) 10 (-0.72, 0.33) Qw = 141.38*
Coherence Qs(1) = 102.97* Qs(3) = 32.90*

None -0.19 (0.04) 10 (-0.28, -0.11) - 0.18 (0.04) 10 (0.11, 0.25) Qw =9.65
1 Type 0.12 (0.08) 3 (-0.03, 0.27) Qw=.14 -0.43 (0.53) 3 (-1.47,0.61) Qw =81.07*
2 Types 0.32 (0.08) 15 (0.16, 0.49) Qw = 46.81* 0.14 (0.03) 53 (0.07, 0.20) Qw =201.72*
3 Types -0.00 (0.12) 2 (-0.24, 0.24) Qw =3.80 0.23(0.12) 2 (0.00, 0.46) Qw =344

N Effects = number of effect sizes per category (across studies identified with at least one significant effect size); *p < .05; if Qg is significant a random-effects
model is applied. If Qy is not significant a fixed-effects model is applied. If Qy is significant a random-effect model is used for that category. Qgrefers to
differences between groups.
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Correlations of Professional Development Design Elements

Using the Pearson’s product moment correlation statistic (r), we examined the data for any
relationships between various elements of professional development (See Appendix D for full
correlation table). Using a significance value of .01 (two-tail test), positive correlations were
found among measures of time—contact hours, frequency and duration. In particular,
statistically significant positive relationships were found to exist between total contact hours and
frequency (r =.74), contact hours and duration (r = .83) and frequency and duration (r = .62).
Among the types of professional development activities, statistically significant positive
relationships exists between summer institute and contact hours (r =.577), and duration (r =
.655), and for college courses and contact hours (r = .744) and duration (r = .596).

These findings confirm that professional development programs that involve summer institutes
or courses for teachers also provide extensive time (through greater frequency, longer duration
and more contact hours). Also, we found a statistically significant positive correlation between
frequency and having two types or ways that the professional development programs are
promoting coherence in teacher learning (r =.794). For example, High Desert MSP and
Northeast Front Range MSP are geared not only toward teachers who need to acquire the “highly
qualified” status under NCLB but are also designed so that students of participant teachers can
meet state expectations for academic performance, as measured by their state assessments. Both
of these programs provide over 100 hours for their participating teachers to learn and apply their
learning through intensive summer institutes and follow-up activities during the school year.

In examining relationships between specific types of professional development activities and
their means of actively engaging participant teachers in learning, statistically significant positive
correlations were found between

e conference and leading a discussion (r = 1.000)

summer institutes and developing assessments and reviewing student work (r = .345)
summer institutes and observing other teachers (r = .418)

study group and receive classroom mentoring (r =.579)

classroom mentoring and engaging in learning network (r =.796 and

classroom mentoring and developing assessments or reviewing student work (r = .883).

As examples, programs such as Integrated Mathematics Assessment (Saxe, Gearhart & Nasir,
2001) and Researchers in Every Classroom (Palmer & Nelson, 2006) are reported to actively
engage teachers by providing them opportunities to observe other teachers and develop
assessments or review their own students’ work in summer institutes. Programs that incorporate
study groups such as the NRCCTE model (Snippe, 1992) and Mathematics Curriculum
Improvement Project (Jagielski, 1991) provide their participant teachers the opportunity to be
actively engage through classroom mentoring and being part of a professional learning network.
The data also show that when professional programs offer classroom mentoring, they are more
than likely to engage those teachers in developing assessments and reviewing student work
during those mentoring moments.
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Summary of Findings

The CCSSO meta analysis of studies of teacher professional development programs in
mathematics and science found that 16 studies reported significant effects of teacher
development on improving student achievement. The evidence for the findings in the 16 studies
were based on scientific research designs. These studies reported effect sizes for student
achievement gains for a treatment group as compared to a control group and the studies provided
adequate data and documentation for the CCSSO research team to compute or re-analyze effect
sizes. The large majority (12 of 16) studies were focused on analyzing mathematics teacher
professional development and effects on student achievement in mathematics. The mean effect
size for mathematics studies using a pre-post design is 0.21. These results show consistent
positive effect on gains in student achievement in mathematics from teacher professional
development in mathematics education. The mean effect size for math studies using a posttest-
only design is 0.13, indicating that student achievement is higher for students of teachers
receiving professional development in math education than for students of comparable teachers
who did not participate in professional development. Our meta-analysis identified four studies of
professional development in science that had significant effects on student achievement.

The results for the 16 studies with effect sizes demonstrates to the education research and policy
communities how meta analysis can and should be used in education to provide comparisons and
aggregations of research findings over time and across many different studies. The process of
review and analysis employed by CCSSO involved several thousand citations, initial pre-
screening of 400 plus documents, and intensive coding and review of 74 studies. The methods of
identifying, coding, and quantifying data used in the study can be employed for a variety of
objectives in education research.

CCSSO reviewed the professional development program designs and learning goals documented
in the 16 studies. We found several common patterns. The program designs included strong
emphasis on teachers learning specific subject content as well as pedagogical content for how to
teach the content to students. The implementation of professional development included
multiple activities to provide follow-up reinforcement of learning, assistance with
implementation, and support for teachers from mentors and colleagues in their schools. In terms
of duration of development activities, 14 of the programs continued for six months or more. The
mean contact time with teachers in program activities was 91 hours.

The numbers of teachers that were involved in the programs that were analyzed and found to be
effective varied from less than ten to more than 90. The research and evaluation for the 16
studies employed multiple measures of student achievement and outcomes. The studies analysis
of effects on student achievement included scales to measure learning in specific content areas
(e.g., algebra, measurement). The use of multiple measures allowed use of different types of test
items. A majority of the studies analyzed professional development for elementary and middle
grades teachers. The analysis of effects showed a pattern of stronger effects for elementary level
professional development than for middle or high school teachers.
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Effect sizes were larger when measures of achievement were used that were specifically selected
or developed to be aligned with the content focus of the professional development. However, the
review of research did identify several studies with significant effects using large-scale statewide
assessment programs. This result demonstrates to evaluators and decision-makers that
professional development can be measured with readily available data thru annual student
assessments. However the outcomes are not likely to appear as positive or consistent as an
outcome measure specific to the treatment goals. Some studies that computed separate effect
sizes by student grade, such as the Meta Associates 2006 study, showed that effects of
professional development differed markedly by grade (e.g., posttest only results show strong
positive effects in grade 6, negative effects in grade 7 and no effect in grade 8). Wide variation
by grade may indicate that teachers’ fidelity of implementation of their professional learning is
related to the curriculum, or this kind of result may indicate differences in the content covered in
student assessment instruments by grade.

One question that has been addressed in prior research is the effect of professional development
on teachers and their knowledge and practice. The CCSSO meta analysis review did not include
systematic identification or review of intervening measures of the professional development
treatment, such as measures of gains in teacher knowledge, improvement in practices, or fidelity
of implementation of what was learned. Several of the studies identified did report analysis of
differences on these kinds of measures between teachers in the treatment and control groups.
Further analysis across studies would provide stronger evidence and useful information about the
relationship between professional learning of teachers from a specific initiative and subsequent
improved learning by students.

The CCSSO meta analysis results show important cross-study evidence that teacher professional
development in mathematics does have significant positive effects on student achievement. The
analysis results also confirm the positive relationship to student outcomes of key characteristics
of design of professional development programs that have been documented in prior research.
The meta-analysis process and procedures carried out by CCSSO show strong potential for
broader use and application in judging the validity and consistency of results across a range of
education initiatives and the evidence of outcomes from the initiatives.

Meta-Analysis Results: How Findings Can Be Used by State L eaders

Based on the results of the meta-analysis of findings from teacher professional development
studies, CCSSO can state several recommendations for how the results and processes from the
meta-analysis can be useful to researchers, evaluators, and state education leaders.

e The meta-analysis design and procedures employed by CCSSO proved to be effective in
identifying a set of common findings regarding effects of teacher professional development
on student achievement, and the procedures proved useful to determine which studies and
their results met high standards for scientific validity and reliability.

e A scientific research design can be efficiently employed to evaluate teacher professional
development, and a design to measure effects of teacher development on subsequent student
achievement should be strongly considered for each funded program for teacher and teaching
improvement.
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The use of research designs involving treatment and control groups should become a regular
practice and built into the plan and organization for professional development and other
initiatives.

Measures of implementation of professional development are critical to evaluation design in
order to document and measure activities to reinforce and extend learning for teachers in
their school setting.

Multiple measures of student achievement should be included in the research design if
possible to provide for different types of assessments of learning and analysis of subject
content learned.

State and local education data systems can be accessed by providers of professional
development and evaluators and regular statewide or district-wide assessment instruments
can be effective measures of outcomes.

State leaders should ensure that data systems are structured so that data on teacher
development initiatives can be linked to student achievement measures, and these data can be
effective for evaluation even where individual identifiers are removed.

Procedures for meta analysis modeled in this study provide a consistent, quantified
methodology for application and use in other studies, including initial identification, multiple
coding and validation of reviews, comparison of research design with established criteria,
and consistent procedures for effect size analysis and coding of treatment variables.
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Appendix A: Meta Analysis Coding Form Excerpt: Scaffolded Guide for Determining Inclusion of a Document

The document review process for the meta analysis study is aided by coding forms that coders and reconcilers complete in order to record systematically how they
determined a document is included into the pool of studies to be analyzed. The systematic review is conducted with at least two coders in mind, with a third
person as a reconciler. The coding forms are Excel file documents composed of multiple spreadsheets that 1) assist in determining whether a document in question
is a candidate to be included in the analysis and 2) aid in the extraction of key data needed for the analysis. Each coder completes one form per document
independently from his/her partner coder. The reconciler completes another similar form that combines the information from both coders by bringing their entered
information side-by-side. The excerpt shown below is the first spreadsheet that guides a coder through the process of determining the viability of a document for
entry into the pool of studies to analyze. At certain decision junctures, the coder is forced to consider whether the document should continue to the next round of
reviews or should be rejected. A document could be rejected any of the decision points of the review process.

CC350, 2007 — MEF Grant. No. REC-0635409

Codar's Flrat Nama:
Unigus Documsant No.:

Pare b
Coded Flalds Codisg Declsion | iSeetion - addittonal Instructions for coding daclaion
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1. [Text] Lisg APA-style for references. Example
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Teaching. 26(1), 41-53

o. Cry, State: Publisherinsibutizn
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Appendix A continued
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4

A document has to meet one of only four types of research designs to be considered for inclusion: randomized control trials, quasi experimental designs, single
subject design or regression discontinuity. This is to guarantee that the document captures an empirical study.
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Appendix A continued
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The scaffolded guide spreadsheet is followed by additional spreadsheets whereby coders/reconcilers record data on a) student outcome measures and constructs
(validity & reliability of those measures—Table 1a); b) teacher outcome measures and constructs (Table 1b); ¢) number of teachers participating in the study, by
treatment and control groups (Figure 1a); d) number of students participating in the study by treatment and control groups (Figure 1b); e) teacher characteristics, by
treatment and control groups (Table 2); f) characteristics of students, by treatment and control groups (Table 3); g) characteristics of the professional development
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initiative; and h) estimates of treatment effects (effect sizes), by outcome measures (Tables 5a-d).

v
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{1} Randomlzalion, (2) altrithon, {3} teachar-
rienention confound, and (4 ) Inbensantion
disnupian

g. Does the RCT stugy have any randomization
problem?

1="¥es, D=Mo [Binary]. Based on the responsss In
quastlong a-d, ragpond elthar 1™ or "0

a. Describe how the authons) addressed Daseling
equivakencs for both student and teacher data. I

Complate Table 2- teachers’ characierstics priar 1o
professional development In addiion, complets
Table 3 - sugdens characterslics prior to thelr

dazlgna only)

there are any concerns of Incomparability, describs
them a5 well.

nI:::alin-I-:-rl- | [tnere are any concems of Incomparabilty, describe teachers’ professional development. Use "HR™ In
g I {them a= well. the major calis to mean that the data was nod
raportad. Use "HA" fo mean that the questlon
and subsequent reaponsaie) are not applicabls.
b. Is Table 2 -Teachars Characierisiics completed? 1="ez, D=ho [Binary].
c. Is Table 3 - Student Characteristics complsted? 1="ez, D=ho [Binary].
gl Is there Incomparabiity In teacher basalng
characteristics that Is MOT carrected for In the Impact 1=¥eg, D=Mo [Binary]. And [Texi]
gsimates reporied? 15 50, please describe
g. |5 there Incomparabiity In student baselins 1="¥es, D=ho [Binary]. And [Tex]
characterstics that Is MCT cornacled for In the Impact
gsimates reporied? 15 50, please describe Skip to @ 18.
&. Describe how Ihe authon's) addressed bassling Complate Table 2 teacners' charactenstics prior to
15, (RED eruivaienca for poth student and teacher gata. i prafzesional development In addition, complete

Table 3 - sugents characterslics prior to thelr
teachers’ professional development.

b. |15 Table 2 -Teachers Characiensiics completed?

1=¥es, D=Fo [Binary].

c. Is Table 3 - Stugen! Characlerstics completed?

1=Y¥es. D=No [Binary].

34
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Appendix A continued

Codar's Firgt Nama:

Unigus Documsant Ho.:

Coded Flalda

Codisay Declsion

Fage Ha
1B L3 =
Pt izt in® Mo,

Additional Instructions for coding daclaion

. Was equating (teaches ardior s2udenis)
accomplished through matching Involves creating or
Identifying Intervention and comparksan groups that
“lapa” slmilar on & pretest of the ouicome measurs?
[Critera for matching may nclude some demographic
varlaiies)

1="es, D=Mo [BInary].

g Was equating (leachers andéor stugants)
accomplisned through atatistical agjustment
Invorees Using statislical procedures (.., covanale
adjustment In an AKCOVA) b equate groups on
prenzst and asdress baseing Incomparability In the
Impac: analysls?

1="¥Es, D=hlo [BINarY].

d. Do the tagchar (reatment and comparisan) groups
app=ar to be patently Incomparable 37 baselne, and
Was TNe Incomparablity uniksly o be adequatsly
addressad through statistical asjusiment?

1=%es, 0=ho

T response 1= ™17, this |5 an Indization of bazeling
aqulvalence problsm.

Binany].

g Do the student jireaimant and companson) groupy
app=ar bo be pabanty Incomparabls & baseling, and
Was tNe Incomparaility uniksly o oe adequalely
adwressad through stalistical agjustment?

1=¥es, D=ho [BInany].
Skip to @ 18.

&. Was the sample slz2 ane? 1="ez, D=ho [Binany].
1&. |SIingla
lant b. WWas a sIngie-subject design mosT appropriabe or i .
pub|ect | - =hiD
,_Ejl, e woukl & group deskan be & beder aption? 1=es, [=No [Binary].
o :-'% ¢. Were the observalion condiions siandardlzad? 1="es, =k [EInany.

1. Was the benavior thal was cheerved definzd
ppEmEtonally?

1=es, I=Mo

[Binary].

g. Was the measursmant highly rellable?

1=%es, [=ho

[Binary].

. wers sufliclent repeated measures faken?

1=%es, [=ho

[Binary].

g. Were the condlions In&hich the shudy was
conducted dascriped fully?

1=ex, P=hlo

[Binary].

h. Was there siabiity In the bassline congition betore
lhe sreatment was Introducsd?

1=%es, D=ho

[Binary].

| Was thera a difference Detweaen the length of time
o numbser of cbservations between he baseline ang
thie treatment conditions?

1=ex, P=hlo

[Binary].

J. Was aniy ane varable changad durng the
Ireatment condslon ?

1=%es, [=ho

[Binary].
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Appendix A continued

Codar's Firet Nama:
Unigus Documsant Ho:
Page M
Coded Flalds Codisg Declilon|  [Seetion - Additional Ingtructions for coding decleloen
P iz iz W,
k. Were threats to intemal and exiernal valloty 1=z, D=Mo [Binary].
addressag? Skip to @ 18,
& Was the cut-off criterlon foliawed wihout
\7. For Excapian’? 1=z, D=Mo [Binary]. And [Texd]
regression Dizgcrine cut-off criterion
digcontinu-ity 1=¥Es, D=ho [EIRary]. i the true pre-post
deslgne . . I - relalionship Is logariihmiz, exponential, or some
onily): :..HEIJ-:.E: E.'= pre-post disirbution fallow a polynomia ather functian, the model given below Is unspacilled
and estimates of the effect of the PO are Ialy to be
Dlased
1=z, D=Mo [Binary]. There must be 3 suflclent
number of pretest valu=e Inthe comparson group
c. Doss the comparksan group have prates: varlance? 2 enable adequate 2stimation of e true
relalionship (L&, pre-post regression lne) for that
groug
1="es, D=Fo [Binary]. o groups must come Trom
a single confinuous pretest distribuion with the
division Between groups Setermined by the cubalt
N s3Me S3ases one might be able o ind Intact
. Do the treaiment and compansan group came from groups (e g, bwo groups of patients from two
& single continuous pretes! dstibution wih the differan? gecgraphie locations) which
dvislzn b=twesn groups determined by the cut-off sarzndipibausly divide on some mazsure a5 bo Imply
BoOre? some cubofl. Such naturally @sconinuous grouss
must be used with caution because of the greater
Ikelhood thal i they diffzred naturally al the cutaff
priar to the pragram such 3 diference could reflact
a gelachon blas.
g. |s the PO program unifamly Imglementad i al
raciplents undes the same conditions (Suration, 1=z, D=Mo [Binary].
frequency, king and seguence)?
18, (&l & Descrine any leacher-mbenenton confound Tex]
das=lgns) proflems. S
1=z, D=ko [Binary]. A teacher-nbenention
confound oozurs when only one teacher 15 assigned
b Dioes the study asslgn more than one teacher per %0 each condRkon (MO means that thare |5 [u=1 one
condiion? t2acher per condiion.)
It regponas l2 17, skip tha next taeo questions
and go fo @15
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Appendix A continued

Codar's Firat Mama:

Unigua Documant Ho.:

Coded Flalds

Codiseg D llon

Pagre Ha
Bare i =
Faagsaz® Wo.

Additlenal Instructions for coding declaion

¢. If there s only cne ieacher per condilon, Is there
any evidence nal teacher effects ars neglighle?

1=%es, D=Fo [Binary]. If reeponss la “1" then go
to the next gquestlon.

. Dioes the sludy Nave arp‘t&acnar-lntamntlnn
confound problem?

1=z, D=ro [BInary]. Angwar ™1" If 0" are the
regponses to the two prior questions.

15. (&l
dasigns)

& Descrine any owerall or diferential atinbon
prolems, either raparied by ihe authors or deteciad
by the coders

[Text]. Complete Flgurs 1 by prowiding the tatal
number of pariizipants (Le., teachers and students)
as wedl a5 the number of pariizipants wha dropped
out of the study andior the analvsls

‘Make sure bz Indizate the unil o assignment or
analysis, and specty the unlt Bs2if (e g shudent
t=acher, class, or 5chood).

b. Is there any severe overall atirtion probiem In
the study, eltner reportad by the authars or detacted
by the coders?

1=z, D=Mo [BInary]. Cwerall attriion 1s s=fined as
a falure to measure the outcome vanatle on all the
participants Initially assigned o the Intervention and
companson groups. (I a study beging with 100
students total and ends up with 79 students total:
TEM0D = 0.79, then subtract from 1.0, Altritlen 15
1.0- 0,79 = 0.21, or 21%). Codars will determine
0N A case-by-cags basls T thers 15 & severs
owverall attrition problem In the study.

c. Is therz any severs differentlal atiriflon problam
In the sludy, slirer repanied by the authors ar
getected by the coders?

1=%es, [=ko [Binary]. Ciferentlal atiriion refers 1o
the shtuation Inwhileh the peresniage of the ariginal
sudy samplis refained In the foliow-up data
callzcon |5 subsianially ditzrent far the
ntenvention and the companson groups. Severns
differzniiation makes the resulls of & shudy suspecl
Decauss It may compromise the comparatliy of the
sudy groups. Codars will determing on a case-by
case baale I thera Is a sewere diffarential
attriticn problam In the study.

d. Oid the authons} present evidence of post-atirilon
group equivalence on pretes! dala (see nstruciions)?

1=z, D=Fo [EInary]. M the authors did nof report
averal and deferential atirition, Tey musl present
evidence of pasl-atirition group equivalsnce an
pretest data. Post-attriion group equivakencs on
pretest data may be gemansirabed by & well-
powerad [0.80) best of equivaience that Is nan-
glgnicant, or @ standardized mean differsncs
between groups of less than d=0.10
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Appendix A continued

Codar's Firal Nama:

Unigusa Documsant Mo

Coded Flalds

Page Ha

Codisg Dechalon 1B Lt =

Pz izt Ma.

Additlonal Instructions for coding declgion

&. Does the study have Jr'r'ﬂﬂl'l‘ll-ﬂﬂ problems?

1=z, D=Mo [Binary]. Unless responss be @ 13d
g ™", coda g2 ™1™ TG 190 or @ 13¢ 18 1"
Otharwize, code as "0~

[Text]. intensention contamination ocours when
samething happens afer the beginning of the
nitenvention and &Tecss the outcome for the

20. (&l a. Degcrige any problem of dizgrupilon or niteryention or the comparison group, but ned baoth
deglgne) contamination in intanvantion Describe any disrupticns of tha Intervention or
canfral condltion, any contamination of the
traatment Qrodp, or any Contamimaton ol the
COmpanson group.
b. |5 there evidznce of abvlous disnipbion ar 1=eg, D=Ho [Binany].
Interveniizn contamination that could have caused
ooserved diferences befwesn the Intervention and ndization of problem with disruptlon or
control groups? contamination In Infervention
21, (&l & WWere Te une of a=signment and analyEls e rende T
deslgng) gesnrked? 1=Yes. [-Ho [Binary].
b. Descripe the unlt of group assignment TText).
£. Deserbe e unk of analysls. Tax].
T therz s & misa g"l["IEI'I‘I betwesn unit of
d. Dges the unit of analysis match win e unit of aEElgnment and analysls, clusienng comecions
asslgnment? should be made. Moy Nina 3t CC350 about the
this.
93 I:' I 3. Was there arry EEriouUE viodations of slatistical 1=z, D=ho [E- 'IEF!.': IT respons g 36 "1 Jo o
uaélqna'u @ssumptions ar any G&7lous bias In reporing of next guestan. If 07, skip tha next question and
ane) fndings? 9o to @ 23,
b. Dzscrine 3 Ty serious vicdation of slatistical T=:l:t]
assumptions ar blas in reporting or findings -
SUM of the numbsr of problems In randomization, bassling aquivalencs, atirtlon, teachar- i S ——
Intarventlon confound, or disrupilon of Interventlon (from min of O fo max of 4) - e R =k
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Appendix A continued

Codar's First Nama:

Unigus Documsant Ho.:

Coded Flalds

Codisg Declsion

Page Ha
Bt i =
P gtz Maor,

Addiional Instructiens for coding daclalon

1=Paszs, D=Fal [Blnary]. The documsen? passes and
go=6 on o Jurner revisw,

IF:

- A5 @n RCT, It has O or OHE problem In
randomizaion, atirtion, t2acher-intereentian
canfgund, or disngtion

- A5 3 @ED, I has MO problem in baseing
squlvalence, aintian, teachermzrention
canfgund, or disrupilan

- A5 an 58 design, It met ALL the condtions
- &5 an RD design, It met ALL the condiions

T the document falks, slop -- the documen: Is
neligibie Tar further resied

Stage Il Coding : Documentation of Effect Sizes and PD Features
=5, D=blo. [Elnary]
& Document awerall and subgroup means, standard Complete tabie Sa to enber ouizome measurss hat
p— devlation (20, and W slze for both treatment and ars based on continwowes vartables; complets
alz'e::a COMpPArisan groups, and e time of measurament tabiz Sb o erer cubcomies that are based an
] [2.g. pratest, postiest. foloe-up test) dichotomouws warlables (e.g., percant proficlency);
Are Tables 5a. b, ¢, and d completed? comiplets takie 5ot make Banfamin Hochizen
carracions and tatle Sd for clustenng comestions.
b. Do the effect sizes need fo be computed using non 1=z I=Mo. [BInany]. if 26, 52t askde. Moty Mina
slandard formulas? al CCEE0 far assistancs 0 compaling effect slzes
£. (D0 resuls peraln fo mutiple perods of faliow ups e Mkl T
beyond the past-lest? 1=¥es,0~Na. [Binany].
& Documant the characieristies of the prafessianal
gavelopment Intereention. 1=%es I=Ma. [Binary]. Complsta tabla 4.
Iz Table 4 completeg?
24. [PD
faatures) b. Basad on e Information proviged on the contans
and Implameniation u:ur_.-_le ETEI'EEElil:I_n devalopment 1=Yeg 0=No. [Binary].
I5 there 2raugh Nfomation fo faciitate replication of ‘ ’
th Intervention?
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Appendix A continued

Codar's Firat Hama:

Unigus Documsant Ho.:

Coded Flelds

Codiag Declalon

Pagrs K
iBire G =
Praas iiget ingsts Mar.

sdditional Instructions for coding declzion

e. Isfare the suthons) of the dacument the evaluator
of the Imervenition, SR

g=signer of the Intenvention, ANDVOR
Implzmenter of the Inberdention?

It ¥es. enber type(s]

1=¥es O=No. [Binary]. And [Tex]

Was the =fMzct of e professional dewslopment on

1=¥es, D=No. [Binary]. Ofen f Is armcult to
l:"E-EI'I'IE.'I; e |he affest IZITFI"IZITEE& ara :lE'l.'EliFI["IEI'I'I

professlongl developmani?

= EEJ:E:LJ:[ BVEMENL canfouncea Wi e srectof an student achlevement from e eect of rzlatzo
T curricum ey are Imemwowven in the 20D actily
1=z, D=ko. [Binary]. Misalgnment bebwesn the
2e Cia the measurss for student outcomes align with the gudent outcome measuwres and prafessional

dewelopmeant Infrodwces anahiic complexiies and
Imils Intenpresalons of resulis.

Addiional Comments

[Teuxt]. Add any other Information that wil asslst In
capiuring the nature of the study design, measures,
auszome resulls, andior context,

1=Complated, 0=To Ea Detarminadin Frogress

[BInary].

Additional information about the coding form can be found in
http://www.ccsso.org/projects/improving evaluation of professional development/Meta Analysis Study/
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Appendix B: Effects of Professional Development on Student Achievement, by Study (N = 104)

Study (No. | Study Outcome Unit of Time of Effect Cohen’s Posttest | Applied
of Effects) | Design | Measure Analysis Measurement Size d Only or | correction for
/Group Standard | Pretest- | clustering or
posttest | multiple
Gain comparisons?
Carpenter, RCT ITBS (Level 7), By teacher Posttest (1™ & 41 Small- Posttest | Used adjusted
etal., 1989 Computation group 2"”) medium only mean
(@) (treatment
VS.
comparison)
ITBS (Level 7), By teacher Posttest (1™ & .37 Small Posttest | Used adjusted
Problems group 2"”) only mean
(treatment
VS.
comparison)
Interviews on By teacher Posttest (1% & .66 Medium Posttest | Used adjusted
number facts group 2" only mean
(treatment
VS.
comparison)
Interviews on By teacher Posttest (1% & .69 Medium Posttest | Used adjusted
problem solving | group Z“d) only mean
(treatment
VS.
comparison)
Study-specific By teacher Posttest (1™ & 43 Small- Posttest | Used adjusted
test, Simple group 2"”) medium only mean
Addition & (treatment
Subtraction VS.
comparison)
Study-specific By teacher Posttest (1% & 42 Small- Posttest | Used adjusted
test ,Complex group 2””) medium only mean
Addition & (treatment
Subtraction VS.
comparison)
Study-specific By teacher Posttest (1™ & A1 Small Posttest | Used adjusted
test, Advanced group 2" only mean
Word Problems | (treatment
Vs.
comparison)
Dickson, QED Texas By teacher Posttest .096608 Small Posttest | No
2002 (2) Assessment of group (Middle, 8‘“) only
Academic Skills | (treatment
(TAAS) (8™ Vs.
comparison)
End-of-Course By teacher Posttest (High, .43029 Small- Posttest | No
Biology Test group 9™-10™) medium | only
(9" & 10™) (treatment
VS.
comparison)
Heller et RCT Math Pathways | By Posttest (2™ .41065 Small- Posttest | Yes
al., 2007 and Pitfalls teacher/class medium only
(6) (MPP) Pitfalls
Quiz, Overall
Math Pathways | By Elementary 41241 Small- Pretest- | Yes
and Pitfalls teacher/class (2"”) medium Posttest
(MPP) Pitfalls Gain
Quiz, Overall
Math Pathways | By Posttest (4™ 0.763156 | Medium- | Posttest | Yes
and Pitfalls teacher/class large only
(MPP) Pitfalls
Quiz, Overall
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Appendix B continued

Study (No. | Study Outcome Unit of Time of Effect Cohen’s Posttest | Applied
of Effects) | Design | Measure Analysis Measurement Size d Only or correction for
/Group Standard | Pretest- | clustering or
posttest | multiple
Gain comparisons?
Math Pathways | By Elementary (4™) | .685868 | Medium- | Pretest- | Yes
and Pitfalls teacher/class large Posttest
(MPP) Pitfalls Gain
Quiz, Overall
Math Pathways | By Posttest (6™) .352674 Small Posttest | Yes
and Pitfalls teacher/class only
(MPP) Pitfalls
Quiz, Overall
Math Pathways | By Elementary (6") | .271791 | Small Pretest- | Yes
and Pitfalls teacher/class Posttest
(MPP) Pitfalls Gain
Quiz, Overall
Jagielski, QED Study-specific By class Posttest (37-8™) | .256549 | Small Posttest | Yes
1991 (20) assessment Treatment | vs. only
MCIP/89, Control)
NAEP Level
250-Question 1
Study-specific By class Treatment | vs. .746684 Medium- Pretest- | Yes
assessment Control large Posttest
MCIP/89, Gain
NAEP Level
250-Question 1
Study-specific By class Posttest (39-8™) | .207456 | Small Posttest | Yes
assessment Treatment Il vs. only
MCIP/89, Control)
NAEP Level
250-Question 1
Study-specific By class Treatment Il vs. | .784691 Medium- Pretest- | Yes
assessment Control large Posttest
MCIP/89, Gain
NAEP Level
250-Question 1
Study-specific By class Posttest (37-8™) | .40038 Small- Posttest | Yes
assessment Treatment | vs. medium only
MCIP/89, Control)
NAEP Level
300-Question 2
Study-specific By class Treatment | vs. .546542 Medium Pretest- | Yes
assessment Control Posttest
MCIP/89, Gain
NAEP Level
300-Question 2
Study-specific By class Posttest (39-8™) | .057441 | Medium | Posttest | Yes
assessment Treatment Il vs. only
MCIP/89, Control)
NAEP Level
300-Question 2
Study-specific By class Treatment Il vs. | .366257 Small Pretest- | Yes
assessment Control Posttest
MCIP/89, Gain
NAEP Level
300-Question 2
Study-specific By class Posttest (39-8™) | .274124 | Small Posttest | Yes
assessment Treatment | vs. only
MCIP/89, Control)
NAEP Level
350-Question 3
Study-specific By class Treatment | vs. .20929 Small Pretest- | Yes
assessment Control Posttest
MCIP/89, Gain
NAEP Level
350-Question 3
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Appendix B continued

Study (No. | Study Outcome Unit of Time of Effect Cohen’s Posttest | Applied
of Effects) | Design | Measure Analysis Measurement Size d Only or correction for
/Group Standard | Pretest- | clustering or
posttest | multiple
Gain comparisons?
Study-specific By class Posttest (39-8™) | .159811 | Small Posttest | Yes
assessment Treatment Il vs. only
MCIP/89, Control)
NAEP Level
350-Question 3
Study-specific By class Treatment Il vs. | .137631 Small Pretest- | Yes
assessment Control Posttest
MCIP/89, Gain
NAEP Level
350-Question 3
Study-specific By class Posttest (3°-8™) | .396558 | Small Posttest | Yes
assessment Treatment | vs. only
MCIP/89, Control)
NAEP Level
350-Question 4
Study-specific By class Treatment | vs. .252577 Small Pretest- | Yes
assessment Control Posttest
MCIP/89, Gain
NAEP Level
350-Question 4
Study-specific By class Posttest (37-8™) | .259288 | Small Posttest | Yes
assessment Treatment Il vs. only
MCIP/89, Control)
NAEP Level
350-Question 4
Study-specific By class Treatment Il vs. | .664996 Medium Pretest- | Yes
assessment Control Posttest
MCIP/89, Gain
NAEP Level
350-Question 4
Study-specific By class Posttest (3°-8™) | .058814 | Small Posttest | Yes
assessment Treatment | vs. only
MCIP/89, Control)
Question 5
Study-specific By class Treatment | vs. -.42439 -- Pretest- | Yes
assessment Control Posttest
MCIP/89, Gain
Question 5
Study-specific By class Posttest (39-8"™) | -.26524 | -- Posttest | Yes
assessment Treatment Il vs. only
MCIP/89, Control)
Question 5
Study-specific By class Treatment Il vs. | -.41516 -- Pretest- | Yes
assessment Control Posttest
MCIP/89, Gain
Question 5
Lane, 2003 | QED Constructed By teacher Posttest .08 Small Posttest | No
2) CSAP, Overall group (Elementary) only
(treatment
VS.
comparison)
Constructed By teacher Elementary 0.126908 | Small Pretest- | Yes
CSAP, Overall group Posttest
(treatment Gain
VS.
comparison)
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Appendix B continued

Study (No. | Study Outcome Unit of Time of Effect Cohen’s Posttest | Applied
of Effects) | Design | Measure Analysis Measurement Size d Only or correction for
/Group Standard | Pretest- | clustering or
posttest | multiple
Gain comparisons?
META QED Colorado By teacher Posttest .22 Small Posttest | No
Associates, Student group (Middle, 6™ only
2006 (5) Assessment (treatment
Program VS.
(CSAP) comparison)
Colorado By teacher Posttest -1.52 -- Posttest | No
Student group (Middle, 7™ only
Assessment (treatment
Program VS.
(CSAP) comparison)
Colorado By teacher Posttest 0 None Posttest | No
Student group (Middle, 8" only
Assessment (treatment
Program VS.
(CSAP) comparison)
Colorado By teacher Grade 6" .0864699 | Small Pretest- No
Student group Posttest
Assessment (treatment Gain
Program VS.
(CSAP) comparison)
Colorado By teacher Grade 7" 1470775 | Small Pretest- | No
Student group Posttest
Assessment (treatment Gain
Program VS.
(CSAP) comparison)
Colorado By teacher Grade 8" 1435162 | Small Pretest- | No
Student group Posttest
Assessment (treatment Gain
Program VS.
(CSAP) comparison)
META QED Student By teacher Posttest 2006 110911 Small Posttest | Yes
Associates, achievement as | group (Elementary & only
2007 (2) measured by (treatment Middle, 4"-8™)
Colorado VS.
Student comparison)
Assessment
Program
(CSAP), Overall
Student By teacher Elementary & -.1933 -- Pretest- | Yes
achievement as | group Middle, 4™-8" Posttest
measured by (treatment Gain
Colorado VS.
Student comparison)
Assessment
Program
(CSAP), Overall
Meyer & QED Metropolitan By teacher Posttest .023587 Small Posttest | No
Sutton, Achievement group (Elementary,5") only
2006 (8) Test (MAT) , (treatment
Overall VS.
comparison)
Metropolitan By teacher Posttest .074428 Small Posttest | No
Achievement group (Middle, 6" only
Test (MAT), (treatment
Math Concepts | vs.
& Problem comparison)
Solving
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Appendix B continued

Study (No. | Study Outcome Unit of Time of Effect Cohen’s Posttest | Applied
of Effects) | Design | Measure Analysis Measurement Size d Only or correction for
/Group Standard | Pretest- | clustering or
posttest | multiple
Gain comparisons?
Metropolitan By teacher Posttest .045459 Small Posttest | No
Achievement group (Middle, 6"“) only
Test (MAT), (treatment
Math Vs.
Procedures comparison
Metropolitan By teacher Posttest .068535 Small Posttest | No
Achievement group (Middle, 6™ only
Test (MAT), (treatment
Overall VS.
comparison
Metropolitan By teacher Posttest -.09989 -- Posttest | No
Achievement group (Middle, 7”‘) only
Test (MAT), (treatment
Overall VS.
comparison)
Criterion By teacher Posttest .100606 Small Posttest | No
Referenced group (Middle, 8"‘) only
Test, Overall (treatment
Vs.
comparison)
Criterion By teacher Posttest .124888 Small Posttest | No
Referenced group (Middle, 8"“) only
Test, Algebra (treatment
VS.
comparison)
Criterion By teacher Posttest .027889 Small Posttest No
Referenced group (Middle, 8" only
Test, (treatment
Computation VS.
comparison)
Criterion By teacher Posttest .040299 Small Posttest | No
Referenced group (Middle, 8" only
Test, Data (treatment
Analysis VS.
comparison)
Criterion By teacher Posttest .126806 Small Posttest | No
Referenced group (Middle, 8"“) only
Test, Geometry | (treatment
& Measurement | vs.
comparison)
Criterion By teacher Posttest .048704 Small Posttest | No
Referenced group (Middle, 8" only
Test, (treatment
Numeration Vs.
comparison)
Niess, RCT Technology By teacher Posttest .362457 Small Posttest | No
2005 (4) Enhanced State | group (Elementary) only
Assessment (treatment
(TESA), Math VS.
Computation, comparison)
Problem-
Solving Skills
Technology By teacher Elementary -.1393 - Pretest- No
Enhanced State | group Posttest
Assessment (treatment Gain
(TESA), Math VS.
Computation, comparison)
Problem-
Solving Skills
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Appendix B continued

Study (No. | Study Outcome Unit of Time of Effect Cohen’s Posttest | Applied
of Effects) | Design | Measure Analysis Measurement Size d Only or | correction for
/Group Standard | Pretest- | clustering or
posttest | multiple
Gain comparisons?
Metropolitan By teacher Posttest .045459 Small Posttest | No
Achievement group (Middle, 6"‘) only
Test (MAT), (treatment
Math VS.
Procedures comparison
Metropolitan By teacher Posttest .068535 Small Posttest | No
Achievement group (Middle, 6"“) only
Test (MAT), (treatment
Overall VS.
comparison
Metropolitan By teacher Posttest -.09989 -- Posttest | No
Achievement group (Middle, 7" only
Test (MAT), (treatment
Overall Vs.
comparison)
Criterion By teacher Posttest .100606 Small Posttest | No
Referenced group (Middle, 8" only
Test, Overall (treatment
Vs.
comparison)
Criterion By teacher Posttest .124888 Small Posttest | No
Referenced group (Middle, 8"‘) only
Test, Algebra (treatment
Vs.
comparison)
Criterion By teacher Posttest .027889 Small Posttest No
Referenced group (Middle, 8"“) only
Test, (treatment
Computation VS.
comparison)
Criterion By teacher Posttest .040299 Small Posttest | No
Referenced group (Middle, 8" only
Test, Data (treatment
Analysis VS.
comparison)
Criterion By teacher Posttest .126806 Small Posttest | No
Referenced group (Middle, 8" only
Test, Geometry | (treatment
& Measurement | vs.
comparison)
Criterion By teacher Posttest .048704 Small Posttest | No
Referenced group (Middle, 8"‘) only
Test, (treatment
Numeration VS.
comparison)
Niess, RCT Technology By teacher Posttest .362457 Small Posttest | No
2005 (4) Enhanced State | group (Elementary) only
Assessment (treatment
(TESA), Math Vvs.
Computation, comparison)
Problem-
Solving Skills
Technology By teacher Elementary -.1393 -- Pretest- No
Enhanced State | group Posttest
Assessment (treatment Gain
(TESA), Math VS.
Computation, comparison)
Problem-
Solving Skills
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Appendix B continued

Study (No. | Study Outcome Unit of Time of Effect Cohen’s Posttest | Applied
of Effects) | Design | Measure Analysis Measurement Size d Only or correction for
/Group Standard | Pretest- | clustering or
posttest | multiple
Gain comparisons?
Technology By teacher Posttest .128815 Small Posttest | No
Enhanced State | group (Middle) only
Assessment (treatment
(TESA), Math VS.
Computation, comparison)
Problem-
Solving Skills
Technology By teacher Middle .105168 Small Pretest- No
Enhanced State | group Posttest
Assessment (treatment Gain
(TESA), Math VS.
Computation, comparison)
Problem-
Solving Skills
Palmer & QED Northwest By teacher Elementary (3", | .11 Small Pretest- | No
Nelson, Evaluation group 5" 6™ Posttest
2006 (5) Association (treatment Gain
(NWEA) VS.
assessments, comparison)
General
Science
Northwest By teacher Middle (7", 8™) | .06 Small Pretest- | No
Evaluation group Posttest
Association (treatment Gain
(NWEA) VS.
assessments, comparison)
General
Science
Northwest By teacher High 9", 10 | -.21 - Pretest- | No
Evaluation group Posttest
Association (treatment Gain
(NWEA) VS.
assessments, comparison)
General
Science
Northwest By teacher Elementary (3, | -.01 -- Pretest- No
Evaluation group 5™ 6™ Posttest
Association (treatment Gain
(NWEA) VS.
assessments, comparison)
Inquiry
Northwest By teacher High (9", 10™) -11 - Pretest- | No
Evaluation group Posttest
Association (treatment Gain
(NWEA) VS.
assessments, comparison)
General
Science, Inquiry
Rubin & RCT Middle Grades By teacher Posttest -.29421 -- Posttest | Yes
Norman, Integrated group (Middle 6™-9", only
1992 (8) Process Skill (treatment Treatment vs.
Test (MIPT) VS. Control 1)
comparison)
Middle Grades By teacher Posttest .553343 Medium Posttest | Yes
Integrated group (Middle 6"- only
Process Skill (treatment 9" Treatment
Test (MIPT) VS. vs. Control Il)
comparison)
Middle Grades | By teacher Middle 6™-9", 165492 | Small Pretest- | Yes
Integrated group Treatment vs. Posttest
Process Skill (treatment Control | Gain
Test (MIPT) Vs.
comparison)
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Appendix B continued

Study Study Outcome Unit of Time of Effect Cohen’s Posttest | Applied
(No. of Design | Measure Analysis Measurement Size d Only or correction for
Effects) /Group Standard | Pretest- | clustering or
posttest | multiple
Gain comparisons?
Middle Grades | By teacher Middle 6™-9", 635319 | Medium Pretest- | Yes
Integrated group Treatment vs. Posttest
Process Skill (treatment Control 1l Gain
Test (MIPT) VS.
comparison)
Group By teacher Posttest - - Posttest | Yes
Assessment of | group (Middle 6™-9", | 0.83405 only
Logical (treatment Treatment vs.
Thinking Test VS. Control 1)
(GALT) comparison)
Group By teacher Posttest 0 None Posttest | Yes
Assessment of | group (Middle 6™-9", only
Logical (treatment Treatment vs.
Thinking Test VS. Control I1)
(GALT) comparison)
Group By teacher Middle 6™-9", -35745 | Small Pretest- | Yes
Assessment of group Treatment vs. Posttest
Logical (treatment Control | Gain
Thinking Test VS.
(GALT) comparison)
Group By teacher Middle 6™-9", 119162 | Small Pretest- | Yes
Assessment of group Treatment vs. Posttest
Logical (treatment Control 1l Gain
Thinking Test Vs.
(GALT) comparison)
Saxe, QED Study-specific By Posttest -1.36 -- Posttest | No
Gearhart, assessments, teacher/class | (Elementary- only
& Nasir, Computational Treatment Il
2001 (6) Scale) vs. Control)
Study-specific By Posttest -.55 -- Posttest | No
assessments, teacher/class | (Elementary- only
Computational Treatment | vs.
Scale) Control)
Study-specific By Posttest 72 Medium- Posttest | No
assessments, teacher/class | (Elementary- Large only
Conceptual Treatment Il
Scale vs. Control)
Study-specific By Posttest 2.54 Large Posttest | No
assessments, teacher/class | (Elementary- only
Conceptual Treatment | vs.
Scale Control)
Study-specific By Posttest -.5667 -- Posttest | Yes
assessments, teacher/class | (Elementary- only
Overall Treatment | vs.
Control)
Study-specific By Posttest -1.5541 -- Posttest | Yes
assessments, teacher/class | (Elementary- only
Overall Treatment Il
vs. Control)
Scott, QED lowa Test of By teacher Posttest (3" 542299 Medium Posttest | No
2005 (2) Basic Skills group only
(ITBS), Overall (treatment
VS.
comparison)
lowa Test of By teacher Elementary .198872 | Small Pretest- No
Basic Skills group (3% Posttest
(ITBS), Overall (treatment Gain
VS.
comparison)
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Appendix B continued

Study Study Outcome Unit of Time of Effect Cohen’s Posttest | Applied
(No. of Design | Measure Analysis Measurement Size d Only or correction for
Effects) /Group Standard | Pretest- | clustering or
posttest | multiple
Gain comparisons?
Siegle & RCT Math By school Posttest .1959 Small Posttest | Yes
McCoach, Achievement (treatment (Elementary, only
2007 (2) Test VS. 5™, cluster)
comparison)
Math By school Posttest .2159 Small Posttest | Yes
Achievement (treatment (Elementary, only
Test vs. 5™, single site)
comparison)
Snippe, RCT Terra Nova, By class Posttest (High) | -.01 -- Posttest | No
1992 (21) Overall only
Terra Nova By class Posttest (High, | -.43 -- Posttest | No
Site A) only
Terra Nova By class Posttest (High, | .15 Small Posttest | No
Site B) only
Terra Nova By class Posttest (High, | .01 Small Posttest | No
Site C) only
Terra Nova By class Posttest (High, | .13 Small Posttest | No
Site D) only
Terra Nova By class Posttest (High, | .14 Small Posttest | No
Site E) only
Terra Nova By class Posttest (High, | .04 Small Posttest | No
Site F) only
ACCUPLACER, | By class Posttest (High) | .20 Small Posttest | No
Overall only
ACCUPLACER | By class Posttest (High, | .3 Small Posttest | No
Site A) only
ACCUPLACER | By class Posttest (High, | .03 Small Posttest | No
Site B only
ACCUPLACER | By class Posttest (High, | .45 Small- Posttest | No
Site C medium only
ACCUPLACER | By class Posttest (High, | .14 Small Posttest | No
Site D only
ACCUPLACER | By class Posttest (High, | -.1 -- Posttest | No
Site E only
ACCUPLACER | Byclass Posttest (High, | .79 Large Posttest | No
Site F) only
WorkKeys, By class Posttest (High) | .06 Small Posttest | No
Overall only
WorkKeys By class Posttest (High, | -.34 -- Posttest | No
Site A) only
WorkKeys By class Posttest (High, | .07 Small Posttest | No
Site B) only
WorkKeys By class Posttest (High, | .39 Small Posttest | No
Site C) only
WorkKeys By class Posttest (High, | .48 Small- Posttest | No
Site D) medium only
WorkKeys By class Posttest (High, | -.25 -- Posttest | No
Site E) only
WorkKeys By class Posttest (High, | .13 Small Posttest | No
Site F) only
Walsh- QED PSG By teacher Posttest .556633 Medium Posttest | No
Cavazos, Achievement group (Elementary) only
1994 (2) Assessment, (treatment
Overall VS.
comparison)
PSG By teacher Elementary .255494 | Small Pretest- No
Achievement group Posttest
Assessment, (treatment Gain
Overall Vs.
comparison)
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Appendix C: Computation of Effect Sizes, Homogeneity Tests and Q Statistic Analysis

Several computations were carried out to produce effects sizes. For those that were computed
using standard formulas, means, standard deviations and sample sizes were entered into pre-set
cells in a coding form that calculated effect sizes for continuous outcome measures using
Cohen’sd

(Y_trt _Y_ctrl )
S pool ’

where Y "and Y represent the mean values for the treatment and control groups. Spool Was

computed as

Spool — \/[(nitrt _ 1)(S\t(rlt)2 + (nictrl _ 1)(S$itrl )2]/(nctrl +ntt _2) ,

trt
i

ctrl
i

trt ctrl

where n;" and n;" are sample sizes and S,; and S;;" are the standard deviations in study i.

The odds-ratio formula for dichotomous outcome measures:

Plf(l —Pl) =P1/G‘1 _ Mgs
po/(1—=p2)  pa/ae Pag

where p; (is the proportion of cases with the outcomes of interest in the first group) and p;
(proportion in the second group) and gx = 1 — px. An odds ratio of 1 shows that the outcome
(e.g., achieving math proficiency) under study is equally likely in both groups.

Moreover, effect sizes were computed according to whether the study involved pretest-posttest
comparison or only reported posttest results. For posttest only analysis, the effect size was
computed as the standardized difference between means of the treatment group and the control
group on the post means. Specifically,

(Y_trt _Y_ctrl)
d post = S
pool
where Y ™and Y " represent the mean posttest values for the treatment and control groups.

Spool Was computed as
Spoar = V[N =D(SE)” + (07" =151/ (0" 40" =2),

ctrl
i

trt
i

where n. and n

are the sample sizes for treatment and control group respectively in study i,

and s;" and s{" are the posttest standard deviations for study i.

For pretest-versus-posttest analysis, the following formula was used to allow for an overall
comparison between treatment and control groups, while controlling for the effects of the pretest.
Specifically,
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Appendix C continued

d _(Y_trt_Y_ctrl)_()?trt_ictrl)

re  post
pre_p S

pool

where Y ™and Y ' represent the mean posttest values for the treatment and control groups,

respectively, and X™ and X" represent the mean pretest values for the treatment and control

group. Spool Was computed as

S oot = LN = DI + (07 = D(s)* /(0™ + 0" - 2),

ctrl

Mand n™ are the sample sizes for treatment and control group respectively in study i,

where n

and sy and s&" are the posttest standard deviations for study i.

For studies reporting multilevel analyses, effects were computed following Hedges’ suggestions
when the interclass correlation was reported in the studies (Hedges, 2007).

Homogeneity tests were conducted for each type of measure and subject (math posttest only,
math pretest-posttest gains, science posttest only, and science pretest-posttest gains) to determine
whether effects from the studied populations are similar or homogeneous. In the case of this
meta analysis, the null hypothesis asserts that the effects represent the same population. In all
four cases, the null hypothesis is rejected.

Funnel plot with pseudo 95% confidence limits
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Appendix C continued

The Q-statistic or Q test was used to assess whether there is true heterogeneity (between-studies
variability) in a meta analysis, which in turn affects the statistical model (fixed effects model or
random-effects model) used on the meta analysis data to calculate a mean effect size. For this
meta analysis, if the studies’ results are different due to sampling error, then a fixed-effects
model is applied. If the studies’ results are different by more than sampling error (considered a
heterogeneous case), then a random-effects model was applied. Significance is determined at the
p<.05 level. For more information on the Q statistic, see Lipsey & Wilson, 2001.

The homogeneity test for the 21 effects from the math pretest-posttest gains data set was
statistically significant (Q(20) = 153.71, p <.0005, 1> = .870) indicating that the effects do not
represent the same population. The weighted mean effect under the random-effects model for
these 21 data points is .210 (SE = .078), which indicated that the mean effect differed from zero
(z=2.70, p=.007) with a 95% confidence interval (Cl) from .048 to .373. The funnel plot
below illustrates the distribution of the effects, and also provides a way to gauge the presence of
publication bias. There is some asymmetry, and points appear to be missing in the negative
range, suggesting possible bias.

Funnel plot with pseudo 95% confidence limits
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The homogeneity test for the 68 effects from the math posttest only data set was statistically
significant (Q(67) = 328.785, p <.0005, 1> =.796) indicating that the effects also do not
represent the same population. The weighted mean effect under the random-effects model for
these 68 data points is .132 (SE = .0455), which indicated that the mean effect differed from zero
(z=4.05, p<.001) with a 95% confidence interval (Cl) from .041 to .223. The funnel plot
below represents these findings. This plot is less suggestive of publication bias.
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Appendix C continued

Funnel plot with pseudo 95% confidence limits
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The homogeneity test for the 10 effects from the science pretest-posttest gain data set was
statistically significant (Q(9) = 31.57, p <.0005, 1> =715) indicating that the effects also do not
represent the same population. The weighted mean effect under the random-effects model for
these 10 data points is .046 (SE =.0838), with a 95% confidence interval (Cl) from -.143 to .236.
Here the mean effect does not differ from zero. The funnel plot below shows these findings, and
is too sparse to provide a good assessment of the likelihood of publication bias.
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Funnel plot with pseudo 95% confidence limits
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Appendix C continued

The homogeneity test for the 7 effects from the science posttest only data set was statistically
significant (Q(6) = 84.15, p < .0005, I = .929) indicating that the effects do not represent the
same population. The weighted mean effect under the random-effects model for these 7 data
points is .176 (SE = .237), with a 95% confidence interval (Cl) from -.404 to .757. Again, this
mean does not differ from zero. The funnel plot below shows the distribution of the effects, and
the small number of effects precludes making a good assessment of bias.
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Appendix D: Correlation Table of Math Post-Only Professional Development Design Elements

1 2 3 4 5 6 7 8 9 10 11 12 13

Time

1. Contact Hr. 1

2. Frequency N 1
3. Duration 834  623% 1
PD Activities
4. Summer 577 300% 655 1

Institutes
5. College 744 171 596 618 1

Courses
6.Conferences -.196 .094 .146 -.403** -.249* 1
7. Study Group -694% 253 -G02%  -524% .30 287 1
Active Learning
8. Lead Discussion -196 094 146 -403**  -249%  1.000* 287+ 1
9. Learning Network 657 048  -B01*  -351%  -A71%  249%  796% 240 1
10.Develop Assessments ~ -138 398 135  .345%  -249%*  -172 021 -172 155 1
11. Observe Teachers 154 562+ 084  .418%  -360%  -249*  -208%  -249%  -093  .692% 1
12. Classroom Mentoring  -.421%  -571%  -742"* -394~  -028  -347* 579  -347~ 502"  -347~ -502* 1
Coherence 043 -.161 106 -406%  -244% 221 163 221 158  -080  -.324*  -059 1

— 2 Types

In two-tail test: * significant at p<.05; ** significant at p<.01
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