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Summary

Of the more than 1,300 studies identi-

fied as potentially addressing the effect 

of teacher professional development on 

student achievement in three key con-

tent areas, nine meet What Works Clear-

inghouse evidence standards, attesting 

to the paucity of rigorous studies that 

directly examine this link. This report 

finds that teachers who receive sub-

stantial professional development—an 

average of 49 hours in the nine studies—

can boost their students’ achievement by 

about 21 percentile points.

How does teacher professional development 

a�ect student achievement? �e connection 

seems intuitive. But demonstrating it is di�cult. 

Examining more than 1,300 studies identi�ed 

as potentially addressing the e�ect of teacher 

professional development on student achieve-

ment in three key content areas, this report 

�nds nine that meet What Works Clearing-

house evidence standards. �at only nine meet 

standards attests to the paucity of rigorous 

studies that directly assess the e�ect of in-

service teacher professional development on 

student achievement in mathematics, science, 

and reading and English/language arts.

But the results of those studies—that average 

control group students would have increased 

their achievement by 21 percentile points if 

their teacher had received substantial profes-

sional development—indicates that provid-

ing professional development to teachers had 

a moderate e�ect on student achievement 

across the nine studies. �e e�ect size was 

fairly consistent across the three content areas 

reviewed. 

All nine studies focused on elementary school 

teachers and their students. About half fo-

cused on lower elementary grades (kindergar-

ten and �rst grade), and about half on upper 

elementary grades (fourth and ��h grades).

Six studies were published in peer-reviewed 

journals; three were unpublished doctoral 

dissertations. �e studies were not particularly 

recent, ranging from 1986 to 2003.

Five studies were randomized controlled trials 

that meet evidence standards without reserva-

tions. Four studies meet evidence standards 

with reservations (one randomized controlled 

trial with group equivalence problems and 

three quasi-experimental designs).

Four focused on student achievement in read-

ing and English/language arts—unsurprising 

given the large literature in this content 

area. Two studies focused on mathemat-

ics, two on mathematics and reading and 

Reviewing the evidence on how 

teacher professional development 

affects student achievement
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English/language arts, one on science, and 

one on mathematics, science, and reading and 

English/language arts.

Only one e�ect of the 20 identi�ed across the 

nine studies was negative, and only one e�ect 

was zero. �e other 18 were positive. �e sole 

negative e�ect was in a study of mathemat-

ics (fractions computation), where traditional 

instruction showed more positive e�ects on 

student achievement than a reform model. �e 

e�ect was not statistically signi�cant but was 

large enough to be considered substantively 

important. �e sole zero e�ect was in a study 

of reading and English/language arts, where 

low-achieving students whose teachers were 

trained to use explicit instructional talk did 

not demonstrate appreciably greater reading 

achievement than their counterparts whose 

teachers attended a presentation on e�ective 

classroom management.

Studies that had more than 14 hours of pro-

fessional development showed a positive and 

signi�cant e�ect on student achievement from 

professional development. �e three stud-

ies that involved the least amount of profes-

sional development (5–14 hours total) showed 

no statistically signi�cant e�ects on student 

achievement.

All nine studies employed workshops or sum-

mer institutes. In all but one study follow-up 

sessions supported the main professional 

development event. �e exception provided 

an intensive four-week summer workshop 

without follow-up support. In all nine stud-

ies professional development went directly 

to teachers rather than through a “train-the-

trainer” approach and was delivered by the 

authors or their a�liated researchers.

Because of the lack of variability in form and 

the great variability in duration and intensity 

across the nine studies, discerning any pat-

tern in these characteristics and their e�ects 

on student achievement is di�cult. A larger 

number of rigorous studies on the link be-

tween professional development and student 

achievement might have made it possible to 

determine whether intensive, sustained, and 

content-focused professional development is 

more e�ective.

Highlighting the problems of many studies 

of professional development, this report can 

help researchers avoid methodological pitfalls. 

Especially important is that researchers under-

taking studies with quasi-experimental designs 

provide data on the baseline equivalence of 

the treatment and comparison groups. Future 

studies of the e�ect of professional develop-

ment on both teachers and students would be 

particularly useful—studies more fully address-

ing professional development’s direct e�ect on 

teachers and its indirect e�ect on students.

October 2007
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 OVERVIEW 1

Of the more than 

1,300 studies 

identified as 

potentially addressing 

the effect of teacher 

professional 

development on 

student achievement 

in three key content 

areas, nine meet What 

Works Clearinghouse 

evidence standards, 

attesting to the 

paucity of rigorous 

studies that directly 

examine this link. 

The report finds 

that teachers who 

receive substantial 

professional 

development—an 

average of 49 hours in 

the nine studies—can 

boost their students’ 

achievement by about 

21 percentile points.

OVERVIEW

Professional development for teachers is a key 

mechanism for improving classroom instruction 

and student achievement (Ball & Cohen, 1999; 

Cohen & Hill, 2000; Corcoran, Shields, & Zucker, 

1998; Darling-Hammond & McLaughlin, 1995; El-

more, 1997; Little, 1993; National Commission on 

Teaching and America’s Future, 1996). Although 

calls for high quality professional development 

are perennial, there remains a shortage of such 

programs—characterized by coherence, active 

learning, su�cient duration, collective participa-

tion, a focus on content knowledge, and a reform 

rather than traditional approach (for details on 

one study of professional development, see box 1; 

for more information, see Garet, Porter, Desi-

mone, Birman, & Yoon, 2001; Loucks-Horsley, 

Hewson, Love, & Stiles, 1998; National Commis-

sion on Teaching and America’s Future, 1996; 

Birman et al., 2007; U.S. Department of Educa-

tion, 2001). 

A particular target for criticism is the prevalence 

of single-shot, one-day workshops that o�en 

make teacher professional development “intellec-

tually super�cial, disconnected from deep issues 

of curriculum and learning, fragmented, and 

noncumulative” (Ball & Cohen, 1999, pp. 3–4). 

And because there is no coherent infrastruc-

ture for professional development, professional 

development represents a “patchwork of oppor-

tunities—formal and informal, mandatory and 

voluntary, serendipitous and planned” (Wilson & 

Berne, 1999, p.174).

Recognizing the short supply of high quality pro-

fessional development for teachers, the No Child 

Le� Behind Act of 2001 mandated that teachers 

receive such learning opportunities. No Child Le� 

Behind sets �ve criteria for professional develop-

ment to be considered high quality:

It is sustained, intensive, and content-•	
focused—to have a positive and lasting 

impact on classroom instruction and teacher 

performance.
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It is aligned with and directly related to state •	
academic content standards, student achieve-

ment standards, and assessments.

It improves and increases teachers’ knowledge •	
of the subjects they teach.

It advances teachers’ understanding of ef-•	
fective instructional strategies founded on 

scienti�cally based research.

It is regularly evaluated for e�ects on teacher •	
e�ectiveness and student achievement.

Because No Child Le� Behind requires that 

activities supported by Title II funds be based on 

scienti�cally based research that shows how such 

interventions improve student achievement, better 

information on how professional development 

programs a�ect student achievement is an urgent 

need, both in the Southwest Region and nationally. 

�is report reviews the research-based evidence 

on the e�ects of professional development on stu-

dent achievement. �e focus is on student achieve-

ment in three subjects: mathematics, science, and 

reading and English/language arts.

Examining more than 1,300 studies identi�ed as 

potentially addressing the e�ect of teacher profes-

sional development on student achievement in the 

three subjects, this report identi�es nine that meet 

What Works Clearinghouse evidence standards. 

�at only nine meet standards attests to the pau-

city of rigorous studies that directly examine the 

e�ect of in-service teacher professional develop-

ment on student achievement.

But the results of those studies—that average 

control group students would have increased 

their achievement by 21 percentile points if their 

teacher had received substantial professional 

 development—indicates that providing profes-

sional development to teachers had a moderate 

e�ect on student achievement across the nine 

studies. �e e�ect size was fairly consistent across 

the three content areas reviewed. 

All nine studies focused on elementary school 

teachers and their students. About half focused on 

lower elementary grades (kindergarten and �rst 

grade), and about half on upper elementary grades 

(fourth and ��h grades).

Six studies were published in peer-reviewed 

journals; three were unpublished doctoral disser-

tations. �e studies were not particularly recent, 

ranging from 1986 to 2003.

Five studies were randomized controlled trials 

that meet evidence standards without reserva-

tions. Four studies meet evidence standards with 

reservations (one randomized controlled trial with 

group equivalence problems and three quasi-

experimental designs).

Four focused on student achievement in read-

ing and English/language arts—unsurprising 

given the large literature in this content area. Two 

BOX 1 

A study of professional 
development in mathematics

Birman et al. (2007) show that few 

teachers receive intensive, sustained, 

and content-focused professional 

development in mathematics. Teach-

ers averaged 8.3 hours of professional 

development on how to teach mathe-

matics and 5.2 hours on the “in-depth 

study” of topics in mathematics 

during the 12 months spanning the 

2003/04 school year and the sum-

mer of 2004. Of elementary teachers, 

71 percent participated in professional 

development focused on instructional 

strategies for teaching mathematics. 

But only 9 percent participated for 

more than 24 hours during the one-

year period. Even fewer elementary 

school teachers (49 percent) reported 

that they participated in professional 

development focused on the in-depth 

study of mathematics during the 

same time period, and only 6 percent 

participated for more than 24 hours. 

Of secondary mathematics teach-

ers, 51 percent attended professional 

development focused on the in-depth 

study of mathematics, but only 10 

percent spent more than 24 hours on 

that content during the year. 
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studies focused on mathematics, two on math-

ematics and reading and English/language arts, 

one on science, and one on mathematics, science, 

and reading and English/language arts.

Only one e�ect of the 20 identi�ed across the nine 

studies was negative, and only one e�ect was zero. 

�e other 18 were positive. �e sole negative e�ect 

was in a study of mathematics (fractions com-

putation), where traditional instruction showed 

more positive e�ects on student achievement than 

a reform model. �e e�ect was not statistically 

signi�cant but was large enough to be considered 

substantively important. �e sole zero e�ect was 

in a study of reading and English/language arts, 

where low-achieving students whose teachers were 

trained to use explicit instructional talk did not 

demonstrate appreciably greater reading achieve-

ment than their counterparts whose teachers 

attended a presentation on e�ective classroom 

management.

Studies that had more than 14 hours of pro-

fessional development showed a positive and 

signi�cant e�ect on student achievement from 

professional development. �e three studies that 

involved the least amount of professional develop-

ment (5–14 hours total) showed no statistically 

signi�cant e�ects on student achievement.

All nine studies employed workshops or summer 

institutes. In all but one study follow-up sessions 

supported the main professional development 

event. �e exception provided an intensive four-

week summer workshop without follow-up sup-

port. In all nine studies professional development 

went directly to teachers rather than through a 

“train-the-trainer” approach and was delivered by 

the authors or their a�liated researchers.

Because of the lack of variability in form and 

the great variability in duration and intensity 

across the nine studies, discerning any pattern in 

these characteristics and their e�ects on stu-

dent achievement is di�cult. A larger number of 

rigorous studies on the link between professional 

development and student achievement might have 

made it possible to determine whether intensive, 

sustained, and content-focused professional devel-

opment is more e�ective.

Highlighting the problems of many studies of 

professional development, this report can help re-

searchers avoid methodological pitfalls. Especially 

important is that researchers undertaking studies 

with quasi-experimental designs provide data 

on the baseline equivalence of the treatment and 

comparison groups. Future studies of the e�ect 

of professional development on both teachers and 

students would be particularly useful—more fully 

addressing professional development’s direct e�ect 

on teachers and its indirect e�ect on students.

DEMONSTRATING THE EFFECT OF 

TEACHER PROFESSIONAL DEVELOPMENT 

ON STUDENT ACHIEVEMENT

Showing that professional development translates 

into gains in student achievement poses tremen-

dous challenges, despite an intuitive and logical 

connection (Borko, 2004; Loucks-Horsley & Mat-

sumoto, 1999; Supovitz, 2001. To substantiate the 

empirical link between professional development 

and student achievement, studies should ideally 

establish two points. One is that there are links 

among professional development, teacher learn-

ing and practice, and 

student learning. �e 

other is that the empiri-

cal evidence is of high 

quality—that the study 

proves what it claims 

to prove. �is report 

focuses on the second 

point, treating the �rst 

only brie�y.

The links among professional development, teacher 

learning and practice, and student achievement

Consistent with models of e�ective professional 

development (Cohen & Hill, 2000; Fishman, 

Marx, Best, & Tal, 2003; Garet et al., 2001; Guskey 

Showing that 

professional 

development translates 

into gains in student 

achievement poses 

tremendous challenges, 

despite an intuitive and 

logical connection
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& Sparks, 2004; Kennedy, 1998; Loucks-Horsley 

& Matsumoto, 1999), this report assumes that 

professional development’s e�ects on student 

achievement are mediated by teacher knowledge 

and practice in the classroom and that profes-

sional development takes place in the context of 

high standards, challenging curricula, system-

wide accountability, and high-stakes assessments 

(�gure 1). 

Professional development a�ects student achieve-

ment through three steps. First, professional devel-

opment enhances teacher knowledge and skills. 

Second, better knowledge and skills improve 

classroom teaching. �ird, improved teaching 

raises student achievement. If one link is weak 

or missing, better student learning cannot be 

expected. If a teacher fails to apply new ideas from 

professional development to classroom instruc-

tion, for example, students will not bene�t from 

the teacher’s professional development. 

In the �rst step, professional development must be 

of high quality in its theory of action, planning, 

design, and implementation. 

It should be intensive, sustained, content-•	
focused, coherent, well de�ned, and strongly 

implemented (Garet et al., 2001; Guskey, 2003; 

Loucks-Horsley, Hewson, Love, & Stiles, 1998; 

Supovitz, 2001; Wilson & Berne, 1999).

It should be based on a carefully constructed •	
and empirically validated theory of teacher 

learning and change (Ball & Cohen, 1999; 

Richardson & Placier, 2001; Sprinthall, Rei-

man, & �ies-Sprinthall, 1996).

It should promote and extend e�ective cur-•	
ricula and instructional models—or materi-

als based on a well de�ned and valid theory 

of action (Cohen, Raudenbush, & Ball, 2002; 

Hiebert & Grouws, 2007; Rossi, Lipsey, & 

Freeman, 2004).

In the second step, teachers must have the moti-

vation, belief, and skills to apply the professional 

development to classroom teaching (Borko, 2004; 

Showers, Joyce, & Bennett, 1987), supported by on-

going school collaboration and follow-up consulta-

tions with experts. Doing so could require overcom-

ing such barriers to new practices as lack of time 

for preparation and instruction, limited materials 

and human resources, and lack of follow-up support 

from professional development providers.

In the third step, teaching—improved by profes-

sional development—raises student achievement. 

�e challenge is evaluating the gains.

The quality of empirical evidence

Establishing the second point—that the empiri-

cal evidence is of high quality—is the primary 

focus of this report, which examines the rigor of 

empirical studies conducted to validate the e�ects 

of professional development (National Research 

Council, 2004). Even if professional develop-

ment enhances teacher knowledge and skills and 

improves classroom instruction, a poorly designed 

evaluation or inadequate implementation would 

make it di�cult to detect any e�ects from the 

professional development.

What is required for establishing the empirical 

link between professional development and stu-

dent achievement? �at empirical link is based on 

at least four elements:

A rigorous research design must ensure the •	
internal validity of causal inferences about 

Student
achievement

Classroom
teaching

Teacher
knowledge

and skills

Professional
development

Standards, curricula, accountability, assessments

FIGURE 1 

How professional development 

affects student achievement
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the e�ectiveness of professional development. 

Using a study design with strong internal valid-

ity (a randomized controlled trial, for example) 

can rule out competing explanations for gains 

in student academic achievement. �e research 

design should be able to measure the value 

that professional development adds to student 

learning separately from the value added by 

innovative curricula, instruction, or materi-

als. A rigorous research design must also have 

externally valid �ndings, adequate statistical 

power to detect true e�ects, and su�cient time 

between the professional development and the 

measurement of teacher and student outcomes.

�e study design must be executed with high •	
�delity and su�cient implementation of pro-

fessional development

Psychometric properties of measures must •	
be adequate (measures of classroom teach-

ing practices, of student achievement, and of 

teacher knowledge, beliefs, and behaviors). 

Measures should be valid, reliable, age-

 appropriate, and sensitive to and aligned with 

the intervention.

Analytic models must be well-speci�ed and •	
statistical methods must be appropriate

Given these requirements, it is unsurprising that 

few rigorous studies address the e�ect of pro-

fessional development on student achievement 

(Borko, 2004; Clewell, Campbell, & Perlman, 2004; 

Kennedy, 1998; Killion, 1999; Loucks-Horsley & 

Matsumoto, 1999; Supovitz, 2001). �ere is more 

literature on the e�ects of professional develop-

ment on teacher learning and teaching practice, 

falling short of demonstrating e�ects on student 

achievement (Garet et al., 2001). In addition, even 

more literature addresses curricular or instruc-

tional e�ectiveness (National Research Council, 

2004; various What Works Clearinghouse inter-

vention reports).

One systematic review of the e�ects of professional 

development on student achievement is Kennedy 

(1998). �at review 

analyzes the relative ef-

fects on student out-

comes from professional 

development programs 

for math and science, ex-

amining the professional 

development’s subject, 

content focus, skill level, 

form, and other features 

(intensity and concentra-

tion, for example). �e conclusion:

Programs whose content focused mainly on 

teachers’ behaviors demonstrated smaller 

in�uences on student learning than did pro-

grams whose content focused on teachers’ 

knowledge of the subject, on the curriculum, 

or on how students learn the subject (p. 18).

Kennedy’s seminal review indicates the impor-

tance of content focus in high quality professional 

development (see also Desimone, Porter, Garet, 

Yoon, & Birman, 2002; Garet et al., 2001; Yoon, 

Garet, Birman, & Jacobson, 2007). �ere are three 

reasons, however, for a new systematic review 

to supplement those of Kennedy and of Clewell, 

Campbell, and Perlman (2004). 

First, the volume of literature has grown, espe-

cially a�er standards-based reform prompted a 

wave of professional development–related stud-

ies. Second, most of the literature reviews and 

research syntheses are limited in scope, source, 

and subject. Few literature reviews encompass the 

three core academic subjects under No Child Le� 

Behind accountability requirements (mathematics, 

science, and reading and English/language arts). 

A more comprehensive and systematic review of 

evidence that professional development works in 

these critical subject areas is needed. �ird, the 

growing emphasis on e�ective professional devel-

opment practices supported by scienti�cally based 

research makes it imperative to apply rigorous 

evidence standards—such as those of the What 

Works Clearinghouse—in new literature reviews 

and syntheses.

Few rigorous studies 

address the effect of 

professional development 

on student achievement—

there is more literature 

on the effects of 

professional development 

on teacher learning 

and teaching practice
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NINE STUDIES THAT MEET EVIDENCE STANDARDS

�is report reviewed more than 1,300 studies 

to identify those that potentially addressed the 

impact of teacher professional development on 

student achievement. Only nine meet What Works 

Clearinghouse evidence standards—attesting to 

the paucity of rigorous studies that directly ex-

amine the e�ect of in-service teacher professional 

development on student achievement in the three 

core academic subjects. For studies not meeting 

evidence standards despite focusing on teacher 

professional development and including a student 

achievement measure, a frequent problem was 

study design, particularly for quasi- experimental 

designs with problems in baseline equivalence 

between treatment and comparison groups (for 

details on the methodology and the studies that 

did not meet evidence standards, see box 2 and 

appendix A). �e nine studies:

Carpenter, Fennema, Peterson, Chiang, & Loef •	
(1989).

Cole (1992).•	

Du�y et al. (1986).•	

Marek & Methven (1991).•	

McCutchen et al. (2002).•	

McGill-Franzen, Allington, Yokoi, & Brooks •	
(1999).

Saxe, Gearhart, & Nasir (2001).•	

Sloan (1993).•	

Tienken (2003).•	

All nine studies focused on ele-

mentary school teachers and their 

students. About half focused on 

lower elementary grades (kinder-

garten and �rst grade), and about 

half on upper elementary grades 

(fourth and ��h grades).

Six studies were published in 

peer-reviewed journals; three were 

unpublished doctoral dissertations. �e studies were 

not particularly recent, ranging from 1986 to 2003.

Five studies were randomized controlled trials 

that meet evidence standards without reserva-

tions. Four studies meet evidence standards with 

reservations (one randomized controlled trial with 

group equivalence problems and three quasi-

experimental designs).

Four focused on student achievement in reading 

and English/language arts—unsurprising given 

the large literature in this content area. Two stud-

ies focused on mathematics, two on mathematics 

and reading and English/language arts, one on 

science, and one on mathematics, science, and 

reading and English/language arts.

Seven studies used standardized measures of 

achievement. One used researcher-developed mea-

sures of students’ knowledge of fractions, and one 

used Piagetian conservation tasks as the outcome.

Studies were usually of teachers and their in-

tact classrooms. Two studies randomly sampled 

students from each teacher’s classroom, and one 

focused only on low-achieving readers in the 

classrooms. �e number of teachers ranged from 

5 in one study to 44 in another, with student 

sample sizes ranging from 98 to 779.1 Clustering 

of students within classrooms was typically not 

addressed in the studies. �is report therefore ap-

plies clustering corrections to the reported statisti-

cal signi�cance of the �ndings. When necessary, 

corrections are also applied for multiple outcomes 

to decrease the familywise error rates.

EFFECTS OF PROFESSIONAL DEVELOPMENT ON 

STUDENT ACHIEVEMENT IN THE NINE STUDIES

Twenty e�ect sizes and improvement indices were 

computed across the nine studies (table 1; see 

box 2 for methodology and de�nitions).

�e average e�ect size across the nine studies •	
was 0.54, ranging from –0.53 to 2.39.

For studies not meeting 

evidence standards, a 

frequent problem was 

study design, particularly 

for quasi- experimental 

designs with problems 

in baseline equivalence 

between treatment and 

comparison groups
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BOX 2 

Methodology

Understanding how this report 

reviewed the research-based evidence 

on the e�ectiveness of professional 

development is important back-

ground for interpreting the results.

Review protocol

Developing a review protocol was the 

�rst step in systematically review-

ing the research-based evidence 

on the e�ectiveness of professional 

development. �e approach was 

modeled on the review process and 

rigorous evidence standards of the 

U.S. Department of Education’s What 

Works Clearinghouse. �e protocol 

established the relevance criteria for 

literature searches and the param-

eters for screening and reviewing 

studies (see appendix B for the full 

protocol). Criteria included:

Topic•	 . �e study had to deal with 

the e�ects of in-service teacher 

professional development on 

student achievement.

Population•	 . �e sample had 

to include teachers of English, 

mathematics, and science and 

their students in grades K–12.

Study design•	 . �e review of 

evidence was limited to �nal 

manuscripts that were based 

on empirical studies using 

randomized controlled trials or 

quasi- experimental designs. In 

randomized controlled trials 

participants are randomly as-

signed to di�erent experimental 

groups. Quasi-experimental 

designs do not randomly assign 

participants to intervention 

and comparison groups, but the 

groups are matched or shown 

to be equivalent before the 

intervention.

Outcome•	 . �e study had to 

measure student achievement 

outcomes.

Outcome measure validity•	 . �e 

study had to use measures 

demonstrated to be accurate and 

consistent. 

Time•	 . �e study had to be con-

ducted between 1986 and 2006.

Country•	 . Studies had to take 

place in Australia, Canada, the 

United Kingdom, or the United 

States—due to concerns about 

the external validity of the 

�ndings.

Studies were then gathered through 

an extensive electronic search of 

published and unpublished research. 

Fourteen key researchers were also 

asked to identify studies. Eight re-

searchers responded, recommending 

additional studies that �t the study 

purpose. Submitted to the prescreen-

ing process were 1,343 studies. Of 

these, 907 were unique. �e remain-

ing 436 studies were duplicates 

but were included in the �nal tally 

because they addressed multiple 

subject areas (math and science, for 

example). 

Screening and coding

Screening and coding were con-

ducted by six doctorate-level analysts 

over four months—in four stages: 

prescreening, stage 1–full screening, 

stage 2–coding, and stage 3–coding.

Only 132 unique studies met all �ve 

criteria in the prescreening step and 

went to the next stage of review. �e 

27 studies that passed the stage 1 full 

screening were subject to stage 2 cod-

ing. Only nine studies met evidence 

standards and were submitted to the 

�nal stage of coding. 

�e nine studies that “met evi-

dence standards” or “met evidence 

standards with reservations” were 

reviewed to describe important 

characteristics of the study and the 

professional development. �ese 

characteristics included:

Estimated impact of the profes-•	
sional development (in e�ect 

sizes and improvement indices).

Replicability of the professional •	
development and the study.

Teacher outcome measures.•	

Content, form, and other features •	
of the professional development 

(using the classi�cation in Ken-

nedy, 1998).

Whether the e�ect of profes-•	
sional development was con-

founded with that of curriculum.

Statistical analysis.•	

Statistical reporting.•	

E�ect sizes and improvement indices

E�ect sizes and improvement indices 

were computed using the formulas 

of the What Works Clearinghouse.1 

An e�ect size—a standardized mean 

CONTINUED
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�e average improvement index was 21, rang-•	
ing from –20 to 49.

Only one e�ect was negative (in Saxe et al., •	
2001), and only one e�ect was zero (in Du�y 

et al., 1986). �e other 18 e�ects were positive, 

with e�ect sizes ranging from 0.12 to 2.39 

(with improvement indices from 5 to 49).

Of the 20 e�ects, 12 were not statistically •	
signi�cant a�er applying necessary correc-

tions for unaddressed clustering and multiple 

outcomes. Nine of those twelve, however, are 

substantively important according to What 

Works Clearinghouse conventions.

Fi�een of the e�ects came from the �ve •	
randomized controlled trials that meet What 

Works Clearinghouse standards. �e average 

e�ect size for the randomized controlled trials 

was 0.51, ranging from 0 to 1.11.

Five of the e�ects came from four stud-•	
ies that meet What Works Clearinghouse 

standards with reservations (three quasi-

experimental designs and one problematic 

randomized controlled trial). �e average 

e�ect size was 0.61, ranging from –0.53 to 

2.39.

Effects by content area

Disaggregating the studies by their content-

area outcomes allowed computing averages and 

ranges for science, mathematics, and reading and 

English/language arts (table 2). Science had only 

2 e�ects, mathematics had 6, and reading and 

English/language arts had 12. �e average e�ect 

was remarkably consistent across the three content 

areas. �e average e�ect size in science was 0.51; 

in mathematics, 0.57; and in reading and English/

language arts, 0.53. 

�e sole negative e�ect (with an e�ect size of 

–0.53, in Saxe et al., 2001) was in mathematics 

(fractions computation), where traditional instruc-

tion showed more positive e�ects on student 

achievement than a reform model. �e e�ect was 

not statistically signi�cant but was large enough 

to be substantively important. �e sole zero e�ect 

was in reading and English/language arts (in 

Du�y et al., 1986), where low-achieving students 

whose teachers were trained to use explicit in-

structional talk did not demonstrate appreciably 

greater reading achievement than their counter-

parts whose teachers attended a presentation on 

e�ective classroom management.

di�erence—expresses in standard de-

viation units the increase or decrease 

in achievement of the intervention 

group compared with that of the 

control or comparison group. �e 

improvement index is the di�erence 

between the percentile rank corre-

sponding to the intervention group 

mean and the percentile rank corre-

sponding to the control group mean 

in the control group distribution (the 

50th percentile). So, the improvement 

index can be interpreted as the ex-

pected change in percentile rank for 

an average control group student if 

the student had received the interven-

tion (for the studies in this report, if 

the student was in a classroom with a 

teacher who had received professional 

development).

Statistical signi�cance and 

substantive importance

Consistent with What Works Clearing-

house procedures, the statistical 

signi�cance of the e�ect sizes was 

corrected as necessary to adjust for un-

accounted clustering and for multiple 

outcomes. E�ect sizes whose absolute 

values were 0.25 or greater are labeled 

“substantively important.” �e results 

in this report are overall results for the 

student samples rather than e�ects 

by subgroup (those analyses are also 

highly underpowered). �e only excep-

tion is McCutchen et al. (2002), where 

an e�ect size could be computed only 

for the kindergarten subsample.

Note

Details are available from the 1. 

What Works Clearinghouse web 

site (http://www.whatworks.

ed.gov/reviewprocess/

conducted_computations.pdf). 

BOX 2 CONTINUED

Methodology
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Effects by form, contact hours, intensity, and 

duration of professional development

All nine studies employed workshops or sum-

mer institutes. In all but one follow-up sessions 

supported the main professional development 

event (see table 3 on page 15). Marek and Methven 

(1991) was the exception; that study provided an 

intensive four-week summer workshop without 

follow-up support. In all nine studies professional 

development went directly to teachers rather 

than through a train-the-trainer approach and 

was delivered by the authors or their a�liated 

researchers.

�e professional development in these studies 

varied in duration and intensity. �e total contact 

hours ranged from 5 hours to 100. Marek and 

Methven (1991) provided 100 hours of professional 

development over four weeks, while McCutchen 

et al. (2002) provided about the same number of 

contact hours but over 10 months, o�ering more 

sustained, if less intensive, development. Studies 

that had greater than 14 hours of professional de-

velopment showed a positive and signi�cant e�ect 

on student achievement from professional devel-

opment. �e three studies that involved the least 

amount of professional development (5–14 hours 

total) showed no statistically signi�cant e�ects on 

student achievement.

Because of the lack of variability in form and 

the great variability in duration and intensity 

in this small number of studies, discerning any 

pattern between these characteristics and their 

e�ects on student achievement is di�cult. A 

larger number of rigorous studies on the link 

between professional development and student 

achievement might have made it possible to 

determine whether intensive, sustained, and 

content-focused professional development is 

more e�ective (Ball & Cohen, 1999; Garet et al., 

2001; Joyce & Showers, 1995; Loucks-Horsley, 

Stiles, & Hewson, 1996; Wilson & Berne, 1999; 

Yoon et al., 2007).

Effects by models and theories of action 

of professional development 

�e fourfold content-group classi�cation scheme 

for professional development in Kennedy (1998) 

helps characterize the professional development 

models and theories of actions in the nine stud-

ies (box 3). �e professional development in the 

nine studies varied much more in content and 

substance than in form—as predicted in Kennedy 

(1998). Likewise, Spillane (2000, p. 23) notes that 

“structural similarities in district professional 

development approaches (e.g., classroom demon-

strations, peer coaching) camou�aged substantial 

di�erences in the underlying theories of teacher 

BOX 3 

Kennedy’s professional 
development content groups

Kennedy’s (1998) classi�cation 

scheme for professional development 

di�erentiates between four types.

Group 1 focused on teaching be-

haviors applying generically to all 

subjects. �ese behaviors might 

result from  process-product research 

or might include strategies such as 

cooperative grouping. �e methods 

are expected to be equally e�ective 

across school subjects.

Group 2 focused on teaching behav-

iors applying to a particular subject. 

Although presented for a particular 

subject, the behaviors have a generic 

quality and are expected to be gener-

ally applicable in that subject.

Group 3 focused on curriculum and 

pedagogy, justified by how students 

learn. Such professional develop-

ment provides general guidance 

on curriculum and pedagogy for 

teaching a subject and justifies its 

recommendations using knowl-

edge about how students learn the 

subject.

Group 4 focused on how students 

learn and how to assess student 

learning. Such professional develop-

ment provides knowledge about how 

students learn particular subjects 

but does not provide speci�c guid-

ance on practices for teaching the 

subject.
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learning and change.” �e limited number of 

studies and the variability in their professional de-

velopment models precludes drawing any de�ni-

tive links between content-group classi�cation and 

e�ects on student achievement. Even so, a qualita-

tive summary of the professional development 

approaches in the nine studies is a useful �rst step.

Cole (1992) and Sloan (1993) used a similar profes-

sional development model, focused on changes in 

teachers’ behaviors applying generically to all sub-

jects (group 1 in Kennedy’s classi�cation; see box 3 

for details). In Cole (1992) teachers were trained to 

model 14 pedagogical behavior competencies—ex-

pected to apply generically to all subjects—speci�ed 

in the Mississippi Teacher Assessment Instrument. 

In Sloan (1993) teachers practiced instructional and 

questioning behaviors recommended by the Direct 

Instruction model. Both studies tested the e�ects of 

this prescriptive and generic professional develop-

ment on student achievement in multiple subjects 

by using commercial tests such as the Comprehen-

sive Test of Basic Skills and the Stanford Achieve-

ment Test. Although all the e�ects were positive 

and favored the treatment group, none was statisti-

cally signi�cant a�er adjusting for clustering and 

multiple outcomes. Five e�ects were large enough, 

however, to be considered substantively important 

(see tables 1 and 2).

In Du�y et al. (1986) teachers participated in 

professional development that focused on using 

explicit verbal explanations during reading 

instruction to poor readers (group 2 in Kennedy’s 

classi�cation, characterized by prescriptive, 

content-speci�c approaches that focus on chang-

ing teachers’ behaviors). �e study found no ap-

preciable increase reading achievement.

In Marek and Methven (1991) teachers attended 

a workshop focused on science as knowledge and 

knowledge-seeking. �e goal was to develop a 

curriculum of learning cycles representing this 

philosophy. McGill-Franzen et al. (1999) trained 

teachers to structure their classrooms and instruc-

tion to meet their young students’ needs in literacy 

development. In Tienken (2003) teachers were 

trained to teach students 

to use a writing scoring 

rubric and high-order 

re�ective questions as 

self-assessment devices in 

narrative writing. Com-

mon across these dispa-

rate professional development activities is a focus 

on curriculum or pedagogy justi�ed by how stu-

dents learn—group 3 of Kennedy’s classi�cation. 

Marek and Methven (1991) found statistically 

signi�cant e�ects from professional development 

on students’ conservation reasoning (as measured 

by Piagetian tasks). Although all six e�ect sizes in 

McGill-Franzen et al. (1999) were positive, only 

three were statistically signi�cant a�er adjusting 

for clustering and multiple outcomes. Two of the 

three e�ects that were not statistically signi�cant 

were large enough to be considered substantively 

important. �e professional development in Tien-

ken (2003) also had a substantively important—

but not statistically signi�cant—positive e�ect 

on students’ narrative writing, a�er applying a 

clustering correction.

Carpenter et al. (1989) and Saxe et al. (2001) focused 

on increasing teachers’ knowledge of students’ 

mathematical thinking. McCutchen and et al. 

(2002) tried to boost teachers’ knowledge of phonol-

ogy and its link to orthography. Carpenter et al. 

(1989) and McCutchen et al. (2002) found positive 

e�ects on student achievement of about 0.40 (sub-

stantively important but not statistically signi�cant 

in Carpenter et al. and statistically signi�cant in 

McCutchen et al.). Saxe et al. (2001) found mixed ef-

fects. Large, positive, statistically signi�cant e�ects 

on students’ conceptual understanding of frac-

tions favored the reform model. But negative and 

substantively important, though not statistically 

signi�cant, e�ects on students’ fraction computa-

tion skills in the reform model favored traditional 

instruction. �ese three professional development 

approaches allowed more teacher discretion in 

classroom teaching, focusing on deepening teach-

ers’ content knowledge and understanding of how 

students learn—group 4 of Kennedy’s classi�cation.

The professional 

development in the nine 

studies varied much 

more in content and 

substance than in form
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BETTER EVALUATION FOR BETTER 

PROFESSIONAL DEVELOPMENT

Few studies meet evidence standards. But the 

average e�ect size of 0.54 in mathematics, science, 

and reading and English/language arts—and 

the consistency of that e�ect size—indicates that 

providing professional development to teachers 

has a moderate e�ect on student achievement 

across the nine studies. Average control group 

students would have increased their achievement 

by 21 percentile points if their teacher had received 

professional development. 

Results in mathematics are of 

particular note, given the data on 

professional development in math-

ematics in Birman et al. (2007; 

see box 1 for details). Four studies 

in mathematics reviewed here 

generated six e�ects, averaging 

0.57, with an improvement index 

of 22 percentile points. �e contact 

hours in the four studies averaged 

just over 53 hours, ranging from 30 hours to 83 

hours, over a period of four months to one year. 

�is professional development is longer than that 

of the typical elementary school teacher—only 

9 percent of elementary school teachers partici-

pated in mathematics professional development 

for more than 24 hours over a year in Birman et al. 

(2007). 

�is report cannot determine de�nitively whether 

the professional development in the four studies 

meets other criteria for high quality professional 

development in the literature (using active learn-

ing and collective participation, for example) or in 

No Child Le� Behind (consistent with state aca-

demic content standards and involving strategies 

from scienti�cally based research). Even so, the 

gap between the amount of professional develop-

ment found e�ective in the four studies and the 

average received by elementary school teachers is 

worth considering. 

�ese �ndings are important, but note four caveats:

First, none of the nine studies focused on profes-

sional development’s e�ects on middle or high 

school students.

Second, even the studies meeting evidence 

standards were generally underpowered and did 

not address clustering or multiple comparisons. 

As a result, 12 e�ects of 20 were not statistically 

signi�cant. �e limited number of studies and 

the variability in their professional development 

approaches preclude any conclusions about the 

e�ectiveness of speci�c professional development 

programs or about the e�ectiveness of profes-

sional development by form, content, or intensity. 

Greater resources and time would allow a more 

comprehensive literature search for comparison. 

Using di�erent keywords for search might gener-

ate a larger pool, for example. And more studies 

might meet evidence standards if authors could be 

contacted for additional information. 

�ird, each of the 9 studies and the 20 e�ects are 

treated equally, regardless of di�erences in type of 

professional development, sample sizes, or quality 

of research design. Because some studies included 

several outcome measures, those studies are 

overrepresented in the average overall e�ect. For 

example, McGill-Franzen et al. (1999) accounts for 

six e�ect sizes in the overall average.

Fourth, the report conducts none of the additional 

data manipulations of traditional meta-analysis, 

such as di�erential weighting. �e intent was to 

adhere as closely as possible to What Works Clear-

inghouse procedures.2 Although the What Works 

Clearinghouse computes an average e�ect size for 

a study and uses an average of study averages to 

report an overall average e�ect size, the studies in 

a What Works Clearinghouse intervention report 

address one intervention. �is report, however, 

addresses several interventions, and the studies 

were few enough to merit limiting any additional 

aggregation, given the diversity among the nine 

studies in content areas and professional develop-

ment approaches. So, the individual e�ects and 

the overall average are the only ones included. 

Interpreting the overall average e�ect size of 0.54 

Average control 

group students would 

have increased their 

achievement by 

21 percentile points 

if their teacher had 

received professional 

development
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also requires caution.3 �is e�ect 

is only a preliminary marker on 

the sparsely populated terrain of 

professional development re-

search, still at its developmental 

stage (Borko, 2004).

Highlighting the problems of 

many studies of professional 

development, this report can help 

researchers avoid methodological 

pitfalls. Especially important is 

that researchers undertaking studies with quasi-

experimental designs provide data on the baseline 

equivalence of the treatment and comparison 

groups. Future studies of the e�ect of professional 

development on both teachers and students would 

be particularly useful—more fully addressing pro-

fessional development’s direct e�ect on teachers 

and indirect e�ect on students.

�is report is a �rst step. As professional develop-

ment research matures, individual empirical studies 

of multiple professional development programs will 

eventually make it possible to judge the e�ective-

ness of individual programs, taking into account 

such factors as the quality of the study design, 

statistical signi�cance of the �ndings, and direction 

and magnitude of the �ndings—as does the What 

Works Clearinghouse classi�cation. Two large-scale 

impact studies of professional development funded 

by the Institute of Education Sciences are prime ex-

amples of studies under way that can address some 

of the questions that could not be answered here.

NOTES

McCutchen et al. (2002) had 44 teachers and 1. 

779 students, but an e�ect size could be com-

puted only for the kindergarten sample (492 

students; the number of kindergarten teachers 

was not speci�ed).

Traditional meta-analysis would weight the 2. 

studies to account for di�erences in numbers 

of e�ects in each study and the variability in 

sample sizes across studies. �e argument for 

doing so is that di�erential weighting a�ords 

greater power and precision. �e What Works 

Clearinghouse, however, has not adopted a 

traditional meta-analysis approach.

Following What Works Clearinghouse proce-3. 

dures, this report does not conduct a test of 

statistical signi�cance on the average e�ect 

size, as would have been done in a traditional 

meta-analysis.

As professional 

development research 

matures, individual 

empirical studies of 

multiple professional 

development programs 

will eventually make 

it possible to judge 

the effectiveness of 

individual programs
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APPENDIX A  

METHODOLOGY

Developing a review protocol was the �rst step 

in systematically reviewing the research-based 

evidence on the e�ectiveness of professional 

development. �e approach was modeled on the 

review process and rigorous evidence standards of 

the U.S. Department of Education’s What Works 

Clearinghouse. �e protocol established the 

relevance criteria for literature searches and the 

parameters for screening and reviewing studies 

(see appendix B for the full protocol and appen-

dix C for key terms and de�nitions for professional 

development under the No Child Le� Behind Act 

of 2001). Criteria included:

Topic.•	  �e study had to deal with the e�ects of 

in-service teacher professional development 

on student achievement.

Population.•	  �e sample had to include teach-

ers of English, mathematics, and science and 

their students in grades K–12.

Study design.•	  �e review of evidence was 

limited to �nal manuscripts that were based 

on empirical studies using randomized con-

trolled trials or a quasi-experimental designs.

Outcome.•	  �e study had to measure student 

achievement outcomes.

Outcome measure validity.•	  �e study had to use 

measures demonstrated to be valid and reliable. 

Time.•	  �e study had to be published between 

1986 and 2006.

Country.•	  Studies had to take place in Aus-

tralia, Canada, the United Kingdom, or the 

United States—due to concerns about the 

external validity of the �ndings.

A detailed coding guide and a reconciliation form 

were then developed based on this protocol. �e 

Microso� Excel–based coding and reconciliation 

forms were heavily annotated to provide step-by-

step, detailed instructions on how to determine 

and code the relevance, eligibility, and quality of 

each study. Excel’s features and prede�ned for-

mulas were used in the coding and reconciliation 

guides to incorporate decision rules stipulated in 

the protocol. For example, if a study was judged to 

be a randomized controlled trial and met relevant 

What Works Clearinghouse evidence standards 

(lack of problems with randomization, serious at-

trition, or disruption), the coding guide automati-

cally determined and displayed the quality rating 

of the study as “met What Works Clearinghouse 

evidence standards.” Excel was programmed 

to automatically compare the values of coders’ 

entries so that any disagreements would be �agged 

for review during reconciliation.

Literature searches

Studies were gathered through an extensive 

electronic search of published and unpublished 

research literature.1 �e review protocol included 

a list of keywords that guided the literature search. 

Seven electronic databases were core data sources: 

ERIC, PsycINFO, ProQuest, EBSCO’s Professional 

Development Collection, Dissertation Abstracts, 

Sociological Collection, and Campbell Collabora-

tion. �ese databases were searched separately for 

each of the three subjects under review (mathe-

matics, science, and reading and English/language 

arts). In consultation with a reference librarian, 

search parameters were developed using database-

speci�c keywords (see appendix D for the list 

of keywords). A deliberately wide net captured 

literature on professional development and stu-

dent achievement, broadly de�ned. �e keyword 

searches yielded 1,334 studies.

Fourteen key researchers were also asked to 

identify research for the study. Eight researchers 

responded, recommending additional studies that 

�t the study purpose. Finally, existing literature 

reviews and research syntheses were consulted 

to ensure that no key studies were omitted. �e 

follow-up literature searches located 25 additional 

studies, bringing the total to 1,359.
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Excluding 16 duplicate records,2 1,343 studies were 

submitted to prescreening. Of these, there were 

907 unique studies. �e remaining 436 studies 

were deemed duplicates because they addressed 

multiple content areas, such as math and science. 

Because the study was interested in within-con-

tent-area �ndings, that duplication was allowed, 

and such studies were counted multiple times in 

the search results (table A1).

Development of the evidence review tool

A Microso� Access database was designed to 

facilitate, integrate, and manage the review. �e 

evidence review tool helped centralize and auto-

mate such data management and processing tasks 

as compiling studies from the electronic searches, 

identifying duplicate records, and collecting and 

entering full-text documents. �e evidence review 

tool also supported administrative functions 

such as creating new coding guides and assigning 

studies to coders for review. Access’ built-in func-

tions (queries and report generation) were used to 

monitor the progress of the review (by study or by 

coder, for example) and to obtain statistics on the 

content of the database (the number of studies still 

missing full-text versions, for example). �e evi-

dence review tool made management of the study 

more e�cient and provided easy, hyperlinked 

access to the full text, coding guide, and reconcili-

ation form for each study. 

Coder training. All-day training was conducted 

for coders in the use of the protocol, coding guide, 

and reconciliation form. A trainer experienced in 

the What Works Clearinghouse review process 

and evidence standards provided the intensive 

training, using publicly available information 

from the What Works Clearinghouse website. 

Coders were also trained in the use of the evidence 

review tool. Coders met weekly to discuss and 

resolve issues relevant to the evidence review stan-

dards and the rating of the quality of studies. 

Screening and coding studies. Six doctorate-level 

analysts spent four months screening and coding 

the studies. �e screening and coding was con-

ducted in four stages: prescreening, stage 1–full 

screening, stage 2–coding, and stage 3–coding 

(�gure A1). Appendix E lists the studies that un-

derwent coding in stages 1, 2, and 3.

Prescreening. Because of the wide net, it was 

expected that keyword searches would yield docu-

ments that were not relevant to the report. �e 

prescreening step involved quick scans of abstracts 

to see if the manuscript met broad relevance and 

methodology criteria. Coders reviewed manu-

scripts on �ve dimensions: focus on K–12 stu-

dents, focus on at least one of three content areas 

(math, science, and reading and English/language 

arts), focus on the e�ects of teacher professional 

development, measures of student outcomes, and 

TABLE A1 

Number of potentially relevant studies, by subject and data source

Subject Campbell

Dissertation 

Abstracts ERIC Othera

Professional 

Development 

Collection (EBSCO) Proquest PsycINFO SocIndex

Subject 

subtotal

Reading 

and English/ 

language 

arts

31 51 223 5 27 67 52 31 487

Math 27 29 215 10 12 24 24 4 345

Science 48 21 316 10 31 32 40 13 511

Database 

subtotal

106 101 754 25 70 123 116 48 1,343

a. Sources other than the seven core electronic databases. These were drawn from suggestions by key researchers and literature reviews.

Source: Authors’ calculations based on data described in text.
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empirical and quantitative study design. In cases 

where the abstract did not provide su�cient infor-

mation to determine the study’s initial relevance, 

coders sought the full-text version for additional 

information. Studies that did not meet one or 

more of these criteria were categorized as “irrel-

evant” and were excluded from the review.

Of 1,343 studies, 812 were ineligible (slightly more 

than 60 percent). In many cases, the studies did not 

focus on professional development. Others were 

not empirical research but were theoretical papers, 

opinion pieces, commentaries, conference proceed-

ings, qualitative studies, case studies, literature 

reviews, research syntheses, or meta-analyses.

�e next most frequent reason for failing the pre-

screening was the lack of a student achievement 

outcome measure (800 studies). Lack of focus on 

the e�ects of teacher professional development 

was the third most common reason. It appears 

that keyword searches successfully �ltered studies 

for K–12 grade relevance and target-subject rel-

evance. Fewer studies missed on these two criteria 

(table A2).

Only 132 unique studies met all �ve criteria in the 

prescreening step and were sent to the next stage 

of review process.

Stage 1–full screening. Stage 1–full screening was 

a more detailed version of the prescreening. Pairs 

Fail

Fail

Prescreening
Keywords

searches

Studies to be 

coded for ratings

Prescreen decisionIrrelevant

Ineligible

Does not meet

evidence standards

Fail

Pass: relevant

Pass: eligible for study review

Pass: meets evidence standards
with or without reservations

Stage-1

coder-2

coding

Stage-1

coder-1

coding

Stage-1

reconciliation

Stage-1

decision

Stage-2

coder-2

coding

Stage-2

coder-1

coding

Stage-3

coder-2

coding

Stage-3

coder-1

coding

Stage-2

reconciliation

Stage-2

decision

Stage-3

reconciliation

Pass: relevant

Pass: eligible for study review

Pass: meets evidence standards
with or without reservations

FIGURE A1 

Overview of the coding process

Source: Authors’ representation of procedures described in text.

TABLE A2 

Number and share of studies failing 

to meet the prescreening criteria

Prescreening criterion Number Percentage

Focus on K–12 students 349 25.9

Focus on target subjects 518 38.6

Focus on the effects of teacher 

professional development

761 56.7

Measuring student 

achievement outcomes

800 59.6

Quantitative and empirical study 812 60.5

Source: Authors’ calculations based on data described in text.
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of coders independently read full-text versions of 

the studies and rated each study on eight criteria. 

Inter-rater reliability for the fail reasons in stage 1 

was excellent, ranging from 83 percent to 98 per-

cent, with the overall agreement rate at 92 percent. 

At the end of the double-coding, coders held a rec-

onciliation session to resolve any disagreements.

�ere were eight relevance criteria in stage 1: 

study topic (in-service professional development), 

sample (K–12 teachers and their students), country 

(Australia, Canada, United Kingdom, or United 

States), time of study (1986 or later), study design 

(randomized controlled trials or quasi-experi-

mental designs), student achievement outcome 

measure in the speci�ed subjects, focus on the 

e�ects of in-service professional development on 

student achievement, and psychometric proper-

ties of student outcome measures. Studies that 

did not meet one or more of these criteria were 

categorized as “ineligible for study ratings review” 

and did not pass stage 1 screening. Twenty-seven 

studies (20 percent) met all the stage 1 criteria and 

were eligible for continuation to stages 2 and 3 

(table A3).

Most of the studies (84 of 132, or about 64 percent) 

failed to meet the rigorous study design criterion. 

Only 48 studies met this criterion. Half were 

randomized controlled trials, and half quasi-ex-

perimental designs. �e lack of focus on the e�ects 

of in-service professional development on student 

achievement was the next most common reason 

that studies were excluded (for 38 studies, a distant 

second at just under 29 percent).

�e rate of agreement between the trained coders 

ranged from lows of 83 percent (focus on of in-

service professional development) and 84 percent 

(study design relevance) to a high of 98 percent 

(K–12 grade and country relevance).

Stage 2 coding. �e 27 studies that passed the 

stage 1 coding went to stage 2. As in stage 1, pairs 

of coders read and rated each study indepen-

dently, then met with a third coder, who resolved 

all disagreements. Inter-rater reliability for the 

individual fail reasons was good, ranging from 

65 percent (judging the baseline equivalence of 

quasi-experimental designs) to 100 percent (judg-

ing whether a randomized controlled trial had a 

randomization problem), with the overall agree-

ment rate at 77 percent. �is lower reliability was 

expected because of the greater technicality of this 

stage of review. Disagreements were resolved dur-

ing the reconciliation session. 

TABLE A3 

Studies failing and passing stage 1 criteria

Failing Passing

Stage 1–full screening criterion Number Percentage Number Percentage

Focus on in-service professional development 30 22.7 102 77.3

Focus on K–12 teachers and their students 2 1.5 130 98.5

Country 8 6.1 124 93.9

Time of study 13 9.9 119 90.1

Study design 84 63.6 48 36.4

Focus on the specified subjects 24 18.2 108 81.8

Focus on the effects of in-service professional 

development on student achievement outcomes

38 28.8 94 71.2

Overall stage 1 screening decision 105 79.5 27 20.5

Note: Each row contains 132 studies. Questions about adequate psychometric properties were asked only if all seven preceding criteria were met. Because 

not all 132 studies were subject to that question, it is excluded from this table.

Source: Authors’ calculations based on data described in text.
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At this stage, coders determined the evidence of 

causal validity in each study according to What 

Works Clearinghouse evidence standards and gave 

each study one of three ratings: “meets evidence 

standards” (for randomized controlled trials that 

provided the strongest evidence of causal validity), 

“meets evidence standards with reservations“ (for 

quasi-experimental studies and randomized con-

trolled trials that had problems with randomiza-

tion, attrition, or disruption), and “does not meet 

evidence screens” (for studies that did not provide 

strong evidence of causal validity).

Of the 27 studies, 7 were randomized controlled 

trials and 20 were quasi-experimental designs. 

Only nine studies met evidence standards and 

were submitted to the �nal stage of coding. 

Of the 18 studies that did not meet evidence 

screens, 17 were quasi-experimental designs and 

1 was a randomized controlled trial. Sixteen of the 

quasi-experimental designs had problems with 

baseline equivalence between groups. In many 

cases, these studies failed to collect any baseline 

measures, such as pretest outcome scores. In oth-

ers, initial baseline di�erences between interven-

tion and comparison groups were too large to 

be accounted for by any statistical method. One 

quasi-experimental design was excluded because 

of high attrition. �e excluded randomized con-

trolled trial had problems with both attrition and 

baseline equivalence.

Stage 3 coding. �e nine studies that met evidence 

standards or met evidence standards with reser-

vations were reviewed further to describe other 

characteristics of the study and of the professional 

development (tables A4 and A5). �ese character-

istics included:

Estimated impact of the professional devel-•	
opment (in e�ect sizes and improvement 

indices).

Replicability of the professional development •	
and the study.

Teacher outcome measures.•	

Content and form of the professional devel-•	
opment (using the classi�cation in Kennedy, 

1998) and other professional development– 

related features, such as duration and 

intensity.

Whether the e�ect of professional de-•	
velopment was confounded with that of 

curriculum.

Statistical analysis.•	

Statistical reporting. •	

Notes

Unlike What Works Clearinghouse reviews, 1. 

this report did not seek submissions from 

intervention developers and the public.

�ese were duplicates within a single subject 2. 

domain, typically uncovered by two or more 

databases.
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TABLE A4 

Basic features of the nine studies that meet evidence standards

Study Study design Content area School level Student outcomes examined

Carpenter et al., 1989 Randomized 

controlled trial

Mathematics Elementary

(1st grade)

Students’ computation and math 

problem-solving scores on the 

Iowa Test of Basic Skills, Level 7

Cole, 1992 Randomized 

controlled trial

Mathematics 

and reading 

and English/

language arts

Elementary

(4th grade)

Students’ mathematics, reading, 

and language test scores on the 

Stanford Achievement Test 

Duffy et al., 1986 Randomized 

controlled trial

Reading 

and English/

language arts

Elementary

(5th grade)

Students’ reading comprehension 

test scores on the Gates-

MacGinitie tests

Marek & Methven, 1991 Quasi-experimental 

design

Science Elementary

(K–3rd, 5th 

grades)

Students’ conservation 

reasoning, as measured by 

Piagetian cognitive tasks

McCutchen et al., 2002 Quasi-experimental 

design

Reading 

and English/

language arts

Elementary

(K–1st grades)

Students’ alphabetics (Test 

of Phonological Awareness), 

orthographic fluency (a 

timed alphabetic writing 

task), comprehension (the 

comprehension subtest of the 

Metropolitan Readiness Tests), 

word reading (Gates-MacGinitie 

Reading Tests), and writing 

skills (a composition task)

McGill-Franzen et al., 1999 Randomized 

controlled trial

Reading 

and English/

language arts

Elementary

(kindergarten)

Students’ receptive language skills 

(the Peabody Picture Vocabulary 

Test) and early literacy skills 

(subtests of the Concepts about 

Print and Diagnostic Survey)

Saxe et al., 2001 Quasi-experimental 

design

Mathematics Elementary

(4th–5th grades)

Students concepts and computation 

of fractions, as assessed by a 29-

item, 40-minute timed measure 

developed by the authors

Sloan, 1993 Randomized 

controlled trial

Mathematics,

science, and 

reading and 

English/

language arts

Elementary

(4th–5th grades)

Students’ reading, math, and 

science scores, measured by the 

Comprehensive Test of Basic Skills 

Tienken, 2003 Randomized 

controlled trial with 

group equivalence 

problems

Reading 

and English/

language arts

Elementary

(4th grade)

Students’ narrative writing, as 

measured by content/organization 

scores on a standardized writing 

test administered as part of 

New Jersey’s Elementary School 

Proficiency Assessment 

Source: Authors’ synthesis of studies described in text.
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TABLE A5 

Brief descriptions of the nine studies that meet evidence standards

Study (study design) Description

Carpenter et al., 1989 

(randomized 

controlled trial)

Forty first-grade teachers were randomly assigned to participate in a month-long workshop on 

children’s development of problem-solving skills in addition and subtraction (n = 20; see table 3 for 

additional details). The control group teachers participated in two two-hour workshops during the 

instructional year. These workshops were intended to provide control teachers reinforcement for 

their participation in the study, not to create a contrasting treatment group. Unlike in the intervention 

group’s workshop, no mention was made of how children think as they solve problems. Instead, the 

focus was on the use of nonroutine problems to motivate students to engage in problem-solving. Data 

collected at the teacher level included classroom observations and measures of teacher knowledge 

and beliefs.

Twelve students (six girls and six boys) were randomly selected from each class to provide data on 

student outcomes. Students with special learning needs were omitted from the random selection. 

Data collected at the student level included a standardized mathematics achievement test (Iowa Test 

of Basic Skills, ITBS) and an interview to assess students’ problem-solving strategies. The researchers 

also administered three math achievement scales constructed from combinations of items from 

ITBS items and researcher-developed items. Because of the overlap in the ITBS scores and the three 

researcher-constructed scales, only the ITBS scores are reported in this report. The student problem-

solving strategies interview is also omitted from the analyses here because there was no direct 

measure of student achievement. The authors found no statistically significant difference between the 

treatment and control groups on the student outcome measures, but both were positive (favoring the 

treatment group) and large enough to be considered substantively important.

This study was judged to be a randomized controlled trial that met What Works Clearinghouse 

standards.

Cole, 1992

(randomized 

controlled trial)

Twelve fourth-grade teachers and their intact classes in an intermediate school in Mississippi were 

randomly assigned into treatment and control groups. The six treatment teachers underwent a 

comprehensive staff development training program using Mississippi Teacher Assessment Instrument 

modules for training materials (see table 3). No details were provided about the control group 

teachers or any professional development they may have had. No teacher outcome measures were 

gathered, but classroom observations were done in the six treatment classrooms to assess fidelity of 

implementation.

Students’ math, reading, and language scores on the Stanford Achievement Test were the outcome 

measures (for 268 students). Students’ third-grade test scores from the spring of 1989 were used as 

pretests, and their fourth-grade test scores from the spring of 1990 were used as the post-tests. Results 

were reported by eight student subgroups (combinations of low and high socioeconomic status, 

black and white, and male and female), and the author reported statistically significant differences 

on 10 comparisons of the 24. This report applies corrections to the statistical significance of the 

results reported by the author to adjust for unaddressed clustering and for multiple outcomes. For 

comparability with the other studies, the average effect size and improvement index are reported for 

each content domain (math, reading, and language), summed across all eight student subgroups. The 

average effects in math and the reading were positive (favoring the treatment group) and statistically 

significant, according to the analysis for this report. The average effect in language was positive but 

not large enough to be considered substantively important.

This study was judged to be a randomized controlled trial that met What Works Clearinghouse 

standards.

CONTINUED
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Study (study design) Description

Duffy et al., 1986

(randomized 

controlled trial)

Twenty-two fifth-grade teachers and their intact classes were randomly assigned into equal-sized 

treatment and control groups. The professional development received by the treatment group 

teachers focused on explicit instructional talk (see table 3). Control group teachers attended a 

presentation on effective classroom management. The teachers were unaware that the two groups 

received different training. Classroom observations were conducted four times during the school year 

to document instructional practices in the two types of classrooms.

The study took place in a large urban district that implemented a policy of using the Joplin Plan to 

group students homogenously for reading. Within each classroom, students were identified as low-

achieving readers based on their fourth-grade Stanford Achievement Test scores and fourth-grade 

teachers’ recommendations. All the low-achieving readers scored more than one year below grade 

level in reading. The number of students in the low-achieving reader groups ranged from 4 to 22, 

with an average group size of 11.8 (259 students were included, 130 in the treatment group and 129 in 

the control). This study’s student-level outcomes focused only on the achievement of students in the 

low-achieving groups in the 22 classrooms, as measured by pretest and post-test administrations of 

the Gates-MacGinitie Reading Test. Also administered was a student strategy awareness measure, not 

included in the results in this report because it was not an achievement outcome. The authors found 

no statistically significant differences in students’ Gates-MacGinitie scores.

This study was judged to be a randomized controlled trial that met What Works Clearinghouse 

standards.

Marek & Methven, 

1991

(quasi-experimental 

design)

Sixteen elementary school teachers applied for and participated in a National Science Foundation–

sponsored workshop that focused on science as knowledge and knowledge-seeking and how 

to develop a curriculum of learning cycles that represented this philosophy (see table 3). Eleven 

comparison group teachers were identified through a nomination procedure, with the intervention 

group participants asked to identify teachers in their schools who were the same gender, taught the 

same grade, had similar teaching experience, and who taught science by exposition. Teachers taught 

kindergarten, first grade, second grade, third grade, and fifth grade. Classroom observations were 

conducted to document instructional practices in the two types of classrooms.

Ten students from each of the 27 teachers’ classrooms were randomly selected and interviewed to 

assess conservation reasoning. Three Piagetian conservation tasks (liquid amount, weight, and length) 

were given at the beginning and the end of the school year. If a student was able to conserve on a task, 

a score of one was recorded. So, each child could score from zero to three. No significant differences 

between groups was found on pretest conservation, but the authors reported statistically significant 

differences on total conservation post-test scores for the third graders. This report applies a correction 

to the statistical significance of the result reported by the author to adjust for unaddressed clustering, 

finding a positive and statistically significant effect favoring the treatment group.

This was judged to be a quasi-experimental design study that met What Works Clearinghouse 

standards with reservations.

TABLE A5 CONTINUED

Brief descriptions of the nine studies that meet evidence standards



 APPENDIX A 27

Study (study design) Description

McCutchen et al., 

2002

(quasi-experimental 

design)

Forty-four kindergarten and first-grade teachers responded to an invitation to participate in the 

study. A total of 43 classrooms (23 treatment and 20 comparison) were followed, because two of the 

treatment-group teachers teamed in the same classroom. The professional development given to 

the treatment-group teachers focused on deepening teachers’ knowledge of phonology and its link 

to orthography (see table 3). Several survey measures of teacher knowledge were administered, and 

classroom observations were done in all the classrooms to record teachers’ literacy instruction.

A total of 779 students responded to multiple measures of early reading and writing skills (see 

table A4). The analysis sample consisted of 492 kindergarteners (268 in the treatment group and 224 

in the comparison group) and 287 first graders (157 in the treatment group and 130 in the comparison 

group). Although multiple measures of students’ achievement were administered, the authors did not 

report enough detail about their analyses to allow this report to compute effect sizes for the entire 

sample. So, an effect size is calculated only for the Gates-MacGinitie word reading subtest of the 

kindergarten sample. To avoid discarding the study, that result is included here. The authors reported 

positive, statistically significant results favoring the treatment group. No clustering adjustment to the 

statistical significance of the finding was necessary because of the hierarchical analyses.

This was judged to be a quasi-experimental design study that met What Works Clearinghouse 

standards with reservations.

McGill-Franzen et al., 

1999

(randomized 

controlled trial)

Eighteen kindergarten teachers, three each from six schools, were randomly assigned into one of 

three groups: training and books (the treatment group), no training and books, and no training and 

no books. This report presents results comparing training-and-books teachers with no-training-and-

no-books teachers. The professional development consisted of techniques for encouraging children 

to pick up books and read them (see table 3). The authors collected three types of data to measure 

classroom environment: classroom observations, teacher interviews, and teacher weekly read-aloud 

logs.

The primary outcomes of this study were at the student level (with 317 students, 164 treatment and 153 

control). Children’s early literacy and writing skills were measured using a variety of standardized tests 

(see table A4), administered at the beginning and the end of the school year. The authors reported 

positive, statistically significant differences on all measures except the Peabody Picture Vocabulary 

Test. This report applies corrections to the statistical significance of the other five results reported by 

the authors to adjust for unaddressed clustering and for multiple outcomes. Three of the results remain 

positive and statistically significant (concepts about print, letter identification, and hearing sounds in 

words), and two effects are substantively important but not statistically significant (writing vocabulary 

and Ohio Word Test).

This study was judged to be a randomized controlled trial that met What Works Clearinghouse 

standards.

Saxe et al., 2001

(quasi-experimental 

design)

Twenty-three teachers in the Los Angeles area responded to an invitation to participate in this year-

long study. Based on teachers’ responses to a prescreening questionnaire, three groups were formed. 

The Integrated Mathematics Assessment (IMA), was the treatment condition (with nine teachers, and 

the Collegial Support (SUPP, eight teachers), and Traditional Instruction (TRAD, six teachers) groups 

were the comparison groups. This report presents results comparing the IMA and TRAD groups. 

The professional development focused on enhancing teachers’ understanding of fractions, student 

cognition, and student motivation (see table 3). The authors did not collect any teacher-level data.

The student outcome measures were two researcher-developed tests of fraction concepts and of 

fraction computations, administered at the beginning and the end of the school year. The authors 

conducted analyses of covariance on the classroom-level data and found no statistically significant 

differences between the IMA and TRAD groups on the computational scale, but the effect was negative 

(favoring the TRAD group) and large enough to be considered substantively important. The authors 

found strong and statistically significant differences between the groups on the fraction concepts 

measure, favoring the IMA group.

This was judged to be a quasi-experimental design study that met What Works Clearinghouse 

standards with reservations.

CONTINUED
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Study (study design) Description

Sloan, 1993

(randomized 

controlled trial)

Ten fourth- and fifth-grade teachers in seven Midwestern schools were randomly assigned to two 

conditions: Direct Instruction training and a control group. Teachers in the treatment group were 

trained to use the questioning and instructional behaviors associated with the Direct Instruction 

model (see table 3). No details were provided about the control group teachers and any professional 

development they may have had. Classroom observations were conducted to document the 

instructional environments in both types of classrooms. 

The seven fourth-grade and the three fifth-grade classrooms contained 173 students. The 

Comprehensive Test of Basic Skills was administered as pretest and post-test, measuring students’ 

achievement in reading, mathematics, science, and social studies. Self-esteem and classroom 

environment were also measured, but they are not included in this report because they are not 

achievement outcomes. The social studies outcomes are also excluded because social studies was 

not among the content areas in the protocol. The author found no statistically significant differences 

between groups on the Comprehensive Test of Basic Skills mathematics score but reported statistically 

significant results favoring the Direct Instruction group on the reading and science scores. This 

report applies corrections to the statistical significance of these two results to adjust for unaddressed 

clustering and for multiple outcomes and finds that neither effect is statistically significant. But both 

are still large enough to be considered substantively important.

This study was judged to be a randomized controlled trial that met What Works Clearinghouse 

standards.

Tienken, 2003

(randomized 

controlled trial with 

group equivalence 

problems)

This small, post-test-only randomized trial involved five fourth-grade teachers and their 98 students in 

a New Jersey school. Two teachers were trained to teach students to use scoring rubrics and reflective 

questions as self-assessment devices (see table 3). No details were provided about the control group 

teachers and any professional development they may have had. Treatment group teachers were asked 

to complete reflective logs and their classrooms were observed as measures of implementation fidelity. 

At the end of the school year students’ content/organization scores on the state’s standardized writing 

assessment were compared. The author reported a positive, statistically significant difference favoring 

the treatment group. This report applies a clustering correction and finds that the result is no longer 

statistically significant. However, the effect is large enough to be considered substantively important.

Because of the post-test-only design, the teacher randomization was insufficient to ensure that 

students in the five classrooms were comparable in their baseline writing skills. Therefore, this study 

was judged to be a randomized controlled trial with group equivalence problems that met What Works 

Clearinghouse standards with reservations.

Source: Authors’ synthesis of studies described in text.

TABLE A5 CONTINUED

Brief descriptions of the nine studies that meet evidence standards
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APPENDIX B  

PROTOCOL FOR THE REVIEW OF 

RESEARCHBASED EVIDENCE ON THE 

EFFECTS OF PROFESSIONAL DEVELOPMENT 

ON STUDENT ACHIEVEMENT

Developed for Regional Education Laboratory–Southwest 

by American Institutes for Research

IES Approved, December 6, 2006

Abstract

Topic area focus. As part of the Southwestern 

Regional Educational Laboratory’s (REL South-

west) fast-turnaround projects, the American 

Institutes for Research (AIR) will conduct a 

systematic review of research-based evidence on 

the e�ects of professional development on growth 

in student learning. �e main focus of the review 

will be how students’ achievement in three core 

academic subjects (English/language arts/reading, 

mathematics, and science) is a�ected by profes-

sional development activities that are designed to 

enhance K–12 teachers’ knowledge and skills and 

to transform their classroom practices.

A basic assumption of this review is that the 

e�ects of professional development on student 

achievement are mediated by increased teacher 

knowledge and improved teaching in the class-

room (see appendix B, �gure B.1). Existing litera-

ture reviews (Loucks-Horsley & Matsumoto, 1999; 

Supovitz, 2001) indicate that the volume of litera-

ture on the e�ect of professional development on 

student learning is thinner than that on the e�ects 

of professional development on teacher learning 

and classroom teaching practices. �erefore, we 

expect that our literature search will turn up exist-

ing studies on the e�ects of professional develop-

ment on teacher learning and teaching practice 

(but which fall short of demonstrating its e�ect 

on student achievement), as well as those that 

take the next step and address the link between 

professional development and student outcomes. 

Our tally of excluded studies will be the means by 

which we document the paucity of research that 

directly examines the e�ect of professional devel-

opment on student achievement.

�is systematic review of evidence will address the 

following research questions: 

What is the impact of providing professional •	
development to teachers on student achieve-

ment? If a su�cient number of studies remain 

in the �nal pool, we will also try to disaggre-

gate the results to answer:

Does the e�ect of teacher professional •	
development on student achievement 

vary by type of professional development 

provided (for example, summer insti-

tutes, workshops, online training)?

Does the e�ect of teacher professional de-•	
velopment on student achievement vary 

by content domain (English/language 

arts, mathematics, science)?

Does the e�ect of teacher professional de-•	
velopment on student achievement vary 

by grade level (elementary, secondary)?

General inclusion criteria

Populations to be included. Target populations for 

this review include the students of K–12 teachers 

of English/language arts/reading, mathematics, 

and science. Although we would like to be able 

to examine how the e�ect of teacher professional 

development on student achievement varies by 

student characteristics (for example, English 

language learners, economically disadvantaged 

students, students with disabilities), we do not 

expect to �nd many studies that directly address 

student outcomes, which are distal e�ects of 

professional development given to teachers. If our 

�nal review pool contains studies that allow for 

this disaggregation, we will include those �ndings 

in the �nal report.

Types of professional development to be included. 

�e No Child Le� Behind provisions shed light on 
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what constitutes professional development (see ap-

pendix C for detailed de�nitions). It encompasses 

a wide range of activities that are designed to pro-

vide teachers with opportunities to deepen their 

knowledge in the subject matter that they teach, 

improve teaching skills, and better understand 

how students learn and think.

�erefore, we take an inclusive view on the 

form and substance of professional development 

(Kennedy, 1998). A variety of forms (format and 

structure) and substances (content and purpose) 

of professional development will be considered for 

the inclusion of review as long as they are designed 

to assist teachers of English/language arts/read-

ing, mathematics, and science to achieve their 

desired goals for enhancing student achievement 

outcomes.

�e substance of professional development •	
may include combinations of the following 

areas: 

Research-based reform models, curri-•	
cula, instructional strategies and models, 

or materials (for example, Cognitively 

Guided Instruction, America’s Choice, 

Open Court, Success for All)

Content knowledge (for example, phone-•	
mic awareness, algebraic concepts, use of 

manipulatives, conservation)

Pedagogical content knowledge of a •	
particular subject: knowledge about how 

students learn a particular subject and 

understanding of student thinking

Generic instructional strategies or teach-•	
ing skills that are applicable to any sub-

ject (for example, di�erentiated instruc-

tion, cooperative learning, and reciprocal 

learning); this may include such special 

topics as classroom management, use of 

assessment data, alignment of instruction 

with standards, and teaching students 

with special needs in learning English, 

mathematics, or science (for example, 

English language learners and students 

with disabilities).

�e form of professional development to be •	
included in the review may involve:

Traditional types of professional devel-•	
opment such as workshops, summer 

institutes, and conferences.

Reform types of professional develop-•	
ment, such as coaching and mentoring, 

that are embedded in teachers’ classroom 

teaching.

Online professional development such •	
as online courses, web-based teaching 

modules, or virtual teacher-learning 

communities.

Types of research studies to be included. Our review 

of professional development literature focuses on 

studies that involve student learning in reading, 

mathematics, and science in grades K–12. To be 

included in the review, a study must meet several 

relevancy criteria:

Topic.•	  �e study has to deal with professional 

development applied to teaching in read-

ing, mathematics, and science. �e study is 

required to focus on the e�ects of teachers’ in-

service professional development on student 

learning. Hence, this review does not include 

studies that are primarily focused on:

E�ects of pre-service teacher preparation •	
on student learning.

E�ects of teacher quality in general on •	
student achievement.

E�ects of comprehensive reform models, •	
curricula, instructional models, materi-

als, and assessment on student achieve-

ment, with little attention to professional 

development (for example, teacher 
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training being provided as part of techni-

cal assistance).

Properties of measurement instruments •	
(for example, developing measures of 

teacher’s content knowledge).

Policy analysis (for example, studies •	
that describe the implementation and 

impact of such reform policies as the 

National Science Foundation’s Systemic 

Initiatives or Math-Science Partnership 

program).

Time.•	  �e review of the evidence on profes-

sional development and student achievement 

focuses on a 20-year span, from 1986 to 2006. 

However, we may include the following stud-

ies on a case-by-case basis:

Seminal studies identi�ed by key re-•	
searchers in the �eld, regardless of the 

year of publication.

Some work in progress involving a •	
multiyear longitudinal study design (for 

example Institute of Education Sciences–

funded professional development impact 

studies) merits special attention. �ese 

ongoing studies may not be included 

in our review during the current study 

period (for example, interim reports; 

note that we will not accept any manu-

script labeled as “dra�”). However, given 

the signi�cance of these studies, it is 

important to review in a timely manner 

any emerging evidence from the studies. 

Hence, we o�er the option to update our 

review on a yearly basis to include any 

newly published reports from the recent 

multiple-year studies, provided that an 

extension in contract is granted with 

supplemental funds.

Sample.•	  �e sample must include teachers of 

English, mathematics, and science and their 

students in grades K–12.

Pre-service teachers are not included in •	
this review. In addition, teachers of other 

academic subjects are also not included.

Study design.•	  �e study design and focus are 

limited to �nal manuscripts that:

are empirical studies, using quantita-•	
tive methods and inferential statistical 

analysis, and

take the form of a randomized controlled •	
trial or a quasi-experimental design.

Outcome.•	  �e study is required to focus on 

student outcomes of professional development.

Student outcomes must involve academic •	
achievement in reading, mathematics, or 

science (e.g., reading score gains in state 

assessments). Even though other student 

outcomes such as positive attitude toward 

the subject they learn, motivation, and 

self-e�cacy are important outcomes on 

their own right, they are not the focus of 

our review.

Student outcomes in reading, math, or 

science may include the following:

English/language arts/reading: •	
Phonemic awareness, phonological 

awareness, print awareness, letter 

knowledge, phonics, reading �uency, 

vocabulary development, reading 

comprehension, grammar, writing, 

communication, and critical thinking.

Mathematics: Number sense, opera-•	
tions, geometric concepts, algebraic 

concepts, measurement, data analy-

sis; skills in performing procedures, 

logical reasoning, and solving non-

routine problems.

Science: knowledge in earth science, •	
life science, and physical science, 
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science inquiry skills, scienti�c rea-

soning, science experiment design, 

data interpretation and analysis, 

hypothesis testing, and explanation 

formulation from evidence.

Specific study parameters

�e following parameters specify which studies 

are to be considered for review and which aspects 

of those studies are to be coded for the review:

Validity and reliability of outcome measures.1.  

Study must include at least one relevant out-

come measure that meets minimum require-

ments for face validity or reliability. For exam-

ple, if a study presents a measure that does 

not have face validity or has some measure of 

reliability (for example, Cronbach’s alpha), the 

measure would be excluded; if that measure 

was of the only relevant outcome, the entire 

study would be excluded. 

Characteristics relevant to equating groups.2.  Im-

portant contextual factors as well as pre-exist-

ing teacher quality and student characteristics 

that might be related to the outcomes of profes-

sional development must be equated if a study 

does not employ random assignment as part of 

its design. Such pre-existing factors include:

School and classroom contexts under •	
which in-service professional develop-

ment is undertaken (for example, small 

learning community, teacher learning 

community, trust in schools).

Pretest measures of teachers’ beliefs, •	
knowledge, skills, or instructional 

practices.

Individual characteristics and quali�ca-•	
tions of teachers, such as teaching experi-

ence, degree, and major.

Pretest measures of students’ achieve-•	
ment in reading, mathematics or science.

Individual or demographic characteristics •	
of students such as intelligence quotient, 

socioeconomic status, and special learn-

ing needs

�e issue of when the equating was done must 

also be considered, as well as whether the equat-

ing procedure may have resulted in groups with 

extreme scores in measurements (because upon 

repeated measurements, these scores tend to move 

toward the average, even without an intervention).

E�ectiveness of professional development 3. 

across di�erent groups. �e e�ect of profes-

sional development on student achievement 

may vary by student characteristics. A study 

may examine the e�ects of professional devel-

opment within important student subgroups, 

which may include:

Students with di�erent learning styles, •	
students with disabilities, students with 

special learning needs (including students 

who are gi�ed and talented), and students 

with limited English pro�ciency.

Students of di�ering achievement •	
levels (for example, poor readers, 

underachievers)

Students who are ethnic or racial •	
minorities.

E�ectiveness of the professional development 4. 

across di�erent settings and contexts. �e 

e�ectiveness of professional development 

on student achievement may also vary by 

settings. A study may examine the e�ects of 

professional development across di�erent set-

tings. �ese settings may include:

School or class size.•	

School-level poverty and minority con-•	
centration level.

School location (urban, rural, suburban).•	
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School improvement status under No •	
Child Le� Behind.

Classroom types (for example, general •	
education or special education, inclusion 

classrooms)

Measuring post-intervention e�ects.5.  �ere 

exists a window of opportunity to observe 

the e�ects of professional development. A 

time lag between the enactment of profes-

sional development (as intervention) and 

the measurement of its e�ects on teacher 

and student learning may range from days 

to weeks to months, or even to years. �e 

optimal time lapse between the implemen-

tation of professional development and the 

measurements of outcomes may vary by the 

nature of professional development as well 

as by the nature of the outcomes. For ex-

ample, if the implementation of professional 

development requires teachers’ sustained 

participation followed by ongoing supports 

(for example, peer coaching as opposed 

to short-term workshops), it requires an 

extended time lapse between the beginning 

of the intervention and the post-intervention 

outcome measurement. Further, determining 

the e�ectiveness of professional development 

would require a longer time interval for stu-

dent learning (as a distal outcome) than for 

teacher learning (as a proximal outcome). At 

any rate, it is important to document when 

post-intervention e�ects were measured to 

determine whether a su�cient time lapse 

was provided to observe any signi�cant ef-

fect of professional development.

De�ning attrition.6.  �e burden is on the study 

authors to demonstrate post-attrition group 

equivalence on pretest measures both for 

overall attrition and for di�erential attrition 

between study groups. Post-attrition group 

equivalence must be shown through either a 

well-powered (0.80) test of equivalence that is 

nonsigni�cant or a standardized mean di�er-

ence between groups of less than d = 0.10.

Avoiding confounding teacher and interven-7. 

tion e�ects. In a randomized controlled trial 

or a quasi-experimental design study, there 

should be more than one teacher assigned to 

each condition. A teacher–intervention con-

found occurs when only one teacher assigned 

to each condition. If a teacher–intervention 

confound exists, the study may be excluded or 

downgraded. �e �nal judgment of the study 

quality will depend on the details of the study, 

such as demonstration of negligible teacher 

e�ects, methods for teacher or student assign-

ment, or the appropriateness of the equating 

procedures.

Statistical properties important for comput-8. 

ing accurate e�ect sizes. For most statistics 

(including d-indices), normal distribution and 

homogenous variances are important prop-

erties. For odds ratios there are no required 

desirable properties except the minimum of 

�ve observations per cell.

In the cases where e�ect sizes do not reach statisti-

cal signi�cance, we consider an e�ect size equal to 

or greater than |0.25| as the minimum threshold 

for judging an intervention to have had an e�ect. 

�e value of 0.25 corresponds to a 10 percentile 

point di�erence between the mean of the control 

group (��ieth percentile) and the mean of the in-

tervention group (sixtieth percentile) on a normal 

distribution.

In the case where a misaligned analysis is reported 

(the unit of analysis is not the same as the unit of 

assignment) and the author is unable to provide a 

corrected analysis, the e�ect sizes computed will 

incorporate a statistical adjustment for clustering. 

According to the standards determined by the 

What Works Clearinghouse Technical Advisory 

Committee, the default intra-class correlation used 

for achievement outcomes is 0.20.

Methodology

Collecting and screening studies. �e literature 

search is intended to be comprehensive and 
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systematic. A detailed protocol that includes a list 

of keywords (see appendix D) guides the entire 

literature search process. At the beginning of the 

process, relevant journals, organizations, and 

experts are identi�ed. AIR will search core sources 

and additional topic-speci�c sources identi�ed by 

the content experts. Next, by using a well-de�ned 

coding guide, AIR will screen and code studies 

that are collected with the literature search.

Sources for studies. Trained AIR sta� members will 

use the following strategies to search electronic 

databases and the “fugitive” or “gray” literature:

Search of electronic databases. �ese electronic 

databases will be searched:

ERIC.1.  Funded by the U.S. Department of 

Education, ERIC is a nationwide information 

network that acquires, catalogs, summarizes, 

and provides access to education informa-

tion from all sources. All U.S. Department 

of Education publications are included in its 

inventory.

PsycINFO.2.  PsycINFO contains more than 1.8 

million citations and summaries of journal 

articles, book chapters, books, dissertations, 

and technical reports, all in psychology. Jour-

nal coverage, which dates back to the 1800s, 

includes international material selected from 

more than 1,700 periodicals in more than 

30 languages. More than 60,000 records are 

added each year.

Wilson Education Abstracts PlusText.3.  Wilson 

Education Abstracts PlusText, also known 

as Education PlusText, combines abstracts 

and indexing from H.W. Wilson’s Education 

Abstracts database with thousands of full-text 

and full-image articles. �e database includes 

indexing and abstracts for articles published by 

more than 400 journals cited in H.W. Wilson’s 

Education Abstracts database. It also includes 

full-text and full-image coverage for more than 

175 of the sources. Overall dates of coverage are 

1994 to the present. Special education, adult 

education, home schooling, and language and 

linguistics are just a few of the hundreds of top-

ics users can research in the database.

Professional Development Collection.4.  Designed 

for professional educators, this database pro-

vides a highly specialized collection of more 

than 500 full-text journals, including nearly 350 

peer-reviewed titles. Professional Development 

Collection is the most comprehensive collection 

of full-text education journals in the world.

Dissertation Abstracts.5.  As described by 

Dialog, Dissertation Abstracts is a de�nitive 

subject, title, and author guide to virtually 

every American dissertation accepted at an 

accredited institution since 1861. Selected 

master’s theses have been included since 

1962. In addition, since 1988, the database 

includes citations for dissertations from 50 

British universities that have been collected 

by and �lmed at �e British Document Supply 

Center. Beginning with Dissertation Abstracts 

International, Volume 49, Number 2 (Spring 

1988), citations and abstracts from Section C, 

Worldwide Dissertations (formerly European 

Dissertations), have been included in the �le. 

Abstracts are included for doctoral records 

from July 1980 (Dissertation Abstracts Inter-

national, Volume 41, Number 1) to the pres-

ent. Abstracts are included for master’s theses 

from Spring 1988 (Masters Abstracts, Volume 

26, Number 1) to the present.

Sociological Collection.6.  �is database provides 

coverage of more than 500 full-text journals, 

including nearly 500 peer-reviewed titles. So-

ciological Collection o�ers information in all 

areas of sociology, including social behavior, 

human tendencies, interaction, relationships, 

community development, culture, and social 

structure. �is database is updated daily via 

EBSCOhost.

Campbell Collaboration.7.  C2-SPECTR (Social, 

Psychological, Educational, and Criminologi-

cal Trials Register) is a registry of more than 
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10,000 randomized and possibly randomized 

trials in education, social work and welfare, 

and criminal justice.

In consultation with the AIR librarian, search 

parameters will be developed with the use of 

database-speci�c keywords (see appendix D for 

the preliminary list of keywords).

Search of “ fugitive” or “gray” literature. Our search 

for fugitive or grey literature encompasses the fol-

lowing strategies:

Solicitations are made to key researchers 1. 

(“snowballing” approach).

Checking prior literature reviews and research 2. 

syntheses (using the reference lists of prior 

reviews and research syntheses to make sure 

we have not omitted key studies).
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APPENDIX C  

KEY TERMS AND DEFINITIONS RELATED 

TO PROFESSIONAL DEVELOPMENT

According to the provisions of the No Child Le� 

Behind Act of 2001 (section 9101 under part A of 

title IX), the term professional development:

(A) Includes activities that

(i) Improve and increase teacher’s knowl-

edge of the academic subjects the teach-

ers teach, and enable teachers to become 

highly quali�ed;

(ii) Are an integral part of broad schoolwide 

and districtwide educational improve-

ment plans;

(iii) Give teachers, principals, and admin-

istrators the knowledge and skills to 

provide students with the opportunity 

to meet challenging state academic 

content standards and student academic 

achievement standards;

(iv) Improve classroom management skills;

(I) Are high quality, sustained, in-

tensive and classroom-focused in 

order to have a positive and lasting 

impact on classroom instruction 

and the teacher’s performance in 

the classroom; 

(II) Are not one-day or short-term 

workshops or conferences;

(vi) Support the recruiting, hiring, and 

training of highly quali�ed teachers, 

including teachers who became highly 

quali�ed through state and local alter-

native routes to certi�cation;

(vii) Advance teacher understanding of e�ec-

tive instructional strategies that are:

(I) Based on scienti�cally based research 

(except that this subclause shall not 

apply to activities carried out under 

part D of title II); and

(II) Strategies for improving student 

academic achievement or substan-

tially increasing the knowledge and 

teaching skills of teachers; and

(viii) Are aligned with and directly related 

to:

(I) State academic content standards, 

student achievement standards, and 

assessments; and

(II) �e curricula and programs tied to 

the standards described in sub-

clause (I) except that this subclause 

shall not apply to activities de-

scribed in clauses (ii) and (iii) of 

section 2123(3)(B);

(ix) Are developed with extensive participa-

tion of teachers, principals, parents, and 

administrators of schools to be served 

under this Act;

(x) Are designed to give teachers of lim-

ited English pro�cient children, and 

other teachers and instructional sta�, 

the knowledge and skills to provide 

instruction and appropriate language 

and academic support services to those 

children, including the appropriate use 

of curricula and assessments;

(xi) To the extent appropriate, provide 

training for teachers and principals in 

the use of technology so that technology 

and technology applications are e�ec-

tively used in the classroom to improve 

teaching and learning in the curricula 

and core academic subjects in which the 

teachers teach;
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(xii) As a whole, are regularly evaluated for 

their impact on increased teacher e�ec-

tiveness and improved student academic 

achievement, with the �ndings of the 

evaluations used to improve the quality 

of professional development;

(xiii) Provide instruction in methods of 

teaching children with special needs;

(xiv) Include instruction in the use of data 

and assessments to inform and instruct 

classroom practice; and

(xv) Include instruction in ways that teach-

ers, principals, pupil services personnel, 

and school administrators may work 

more e�ectively with parents; and

(B) May include activities that:

(i) Involve the forming of partnerships 

with institutions of higher education to 

establish school-based teacher train-

ing programs that provide prospective 

teachers and beginning teachers with an 

opportunity to work under the guid-

ance of experienced teachers and college 

faculty;

(ii) Create programs to enable paraprofes-

sionals (assisting teachers employed 

by a local educational agency receiving 

assistance under part A of title I) to 

obtain the education necessary for those 

paraprofessionals to become certi�ed 

and licensed teachers; and

(iii) Provide follow-up training to teachers 

who have participated in activities de-

scribed in subparagraph (A) or another 

clause of this subparagraph that are 

designed to ensure that the knowledge 

and skills learned by the teachers are 

implemented in the classroom.

“Content knowledge” includes the main ideas, 

concepts, and syntax of the subject-area domain, 

the commonly applied algorithms or proce-

dures, and the organizing structures and frame-

works that undergird the subject-area domain 

(Shulman, 1986).

“Pedagogical content knowledge” is an amalgam 

of knowledge of content and pedagogy that is 

central to the knowledge needed for teaching. A 

special kind of professionally useful knowledge 

of the subject, this knowledge is understanding 

of “the particular form of content that embodies 

the aspects of content most germane to its teach-

ability . .  [�is includes] the most useful forms of 

representation of those ideas, the most powerful 

analogies, illustrations, examples, explanations, 

and demonstrations—in a word, the ways of rep-

resenting and formulating the subject that make it 

comprehensible to others. . . . Pedagogical content 

knowledge also includes an understanding of 

what makes the learning of speci�c topics easy 

or di�cult: the conceptions and preconceptions 

that students of di�erent ages and backgrounds 

bring with them to the learning of those most 

frequently taught topics and lessons” (Shulman, 

1986, p. 9).

“Curricular knowledge” is an awareness of the 

full range of programs, texts, and materials 

designed for the teaching of one’s particular topic 

and grade level as well as a familiarity with the 

curriculum materials currently used by one’s 

students and their relationships to earlier and 

later grades’ curriculum and with other subjects 

(Shulman, 1986).
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APPENDIX D  

LIST OF KEYWORDS USED IN 

ELECTRONIC SEARCHES

TABLE D1 

Professional development keywords used for electronic searches

Keywords

ERIC  

Thesaurus Term(s)

PsycINFO 

Thesaurus Term(s) SocIndex 

Professional 

Development 

Collection 

Dissertation 

Abstracts

Professional 

Development

(UT)Professional 

development; 

(NT) Faculty 

development; (R) 

Staff development; 

(R) Teacher 

improvement

(R) Inservice 

teacher education

(UT) Professional 

development; 

(R) Inservice 

teacher education

Use keywords 

from Keyword 

Column as needed

Use keywords 

from Keyword 

Column as needed

There is an 

Education, 

Teacher Training 

subject category 

(Descriptor 

code: 0530)

Use keywords 

from Keywords 

column as needed

Peer Coaching (UT) Teacher 

improvement

Use keywords 

from Keywords 

column as needed

Use keywords 

from Keyword 

Column as needed

Use keywords 

from Keywords 

column as needed 

Teachers’ Institutes (UT) Institutes Use keywords 

from Keywords 

column as needed

(ST) Teachers’ 

institutes

(ST) Teachers’ 

institutes

Mentoring (RT) Beginning 

teacher induction

Use keywords 

from Keywords 

column as needed

(ST) Mentoring (ST) Mentoring 

Teachers’ Seminars (UT) Seminars; Use keywords 

from Keywords 

column as needed

(ST) Seminars; 

(NT) Workshops 

(ST) Seminars

Teachers’ 

Workshops

(UT) Teacher 

Workshops 

Use keywords 

from Keywords 

column as needed

(ST) Teacher 

workshops

(ST) Teachers’ 

Workshops; (ST)

Teacher Centers

UT: use term

RT: related term

NT: narrower term

BT: broader term

ST: subject term
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TABLE D2 

Teacher outcomes keywords used for electronic searches

Keywords

ERIC  

Thesaurus Term(s)

PsycINFO 

Thesaurus Term(s) SocIndex

Professional 

Development Collection

Dissertation 

Abstracts

Content 

Knowledge 

or Curricular 

Knowledge

Use keywords 

from Keyword 

column as needed

Use keywords 

from Keyword 

column as needed 

Use keywords 

from Keyword 

column as needed

Use keywords from 

Keywords column 

as needed

There is an 

Education, 

Curriculum 

and 

Instruction 

subject 

category (Use 

descriptor 

0727) 

Use keywords 

from 

Keywords 

column as 

needed

Effective 

Instruction

(UT) Instructional 

Effectiveness; 

(R) Program 

Effectiveness

Use keywords 

from Keyword 

column as needed

Use keywords 

from Keywords 

column as needed

(ST) Effective Teaching; 

(RT) Teacher Effectiveness

Instructional 

Improvement

(UT) Instructional 

Improvement; 

(B) Educational 

Improvement

Use keywords 

from Keyword 

column as needed

Use keywords 

from Keywords 

column as needed

(ST) School Improvement 

Programs; (NT) 

Curriculum Enrichment

Instructional 

Strategies

(UT) Educational 

Strategies; (R) 

Teaching Strategies

(UT) Teaching 

Methods

(ST) Teaching 

methods

(ST) Instructional 

Systems; (RT) Teaching

Pedagogical 

Content 

Knowledge

(UT) Pedagogical 

Content Knowledge; 

(RT) Knowledge 

Base for Teaching

(UT) Procedural 

Knowledge

Use keyword from 

Keywords column 

as needed

Use keywords from 

Keywords column 

as needed

Pedagogy (UT) Instruction; (UT) 

Teaching Methods; 

(UT) Teaching (ST) Education (ST) Education; (ST) 

Logic in Teaching; 

Teacher 

Attitude

(UT) Teacher 

Attitudes; (R) 

Teacher Morale; 

(UT) Teacher 

attitudes; 

(NT) Teacher 

expectations; 

(ST) Teachers—

Attitudes

(ST) Teachers—Attitudes; 

(NT) Teachers—Attitudes–

Evaluation; (NT) Teachers—

Attitudes–Research; 

(ST) Teacher Morale; (R) 

Teachers—Job Satisfaction 

Teacher Beliefs Use keyword from 

Keyword column 

as needed

(UT) Teacher 

expectations

Use keywords 

from Keyword 

column as needed

(ST) Teachers—Self-

Rating of; (ST) Self-

efficacy Expectations

Teacher 

Change

Use keyword from 

Keywords column 

as needed

Use keywords 

from Keywords 

column as needed

(ST) Educational 

Change1

Use keywords from 

Keywords column 

as needed

Teacher 

Self-Efficacy

(UT) Self Efficacy (UT) Self Efficacy; 

(R) Academic 

Self Concept

(ST) Self-Efficacy (ST) Self-Efficacy 

Teaching Skills (UT) Teaching 

Skills; (RT) Teacher 

Competencies; 

Use keywords 

from Keywords 

column as needed

(ST) Teaching; (NT) 

Teaching methods

Use keywords from 

Keywords column 

as needed

Technology 

Integration

(UT) Technology 

Integration; (RT) 

Computer Uses 

in Education; 

(RT) Educational 

Technology

(UT) Instructional 

Media

(ST) Educational 

Technology; (NT) 

Computer -Assisted 

Instruction; (NT) 

Computer Managed 

Instruction

(ST) Educational 

Technology; (R) 

Educational Innovations; 

(R) Teaching – Aids & 

Devices; (NT) Computer-

Assisted instruction

UT: use term

RT: related term

NT: narrower term

BT: broader term

ST: subject term
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TABLE D3 

Student achievement keywords used for electronic searches

Keywords

ERIC  

Thesaurus Term(s)

PsycINFO 

Thesaurus Term(s) SocIndex

Professional 

Development 

Collection

Dissertation 

Abstracts

Student 

Achievement

(UT) Academic 

Achievement

(UT) Academic 

Achievement; 

(NT) Mathematics 

Achievement; 

(NT) Science 

Achievement; 

(NT) Reading 

Achievement

(ST) Academic 

Achievement; 

(ST) Academic 

Achievement; 

There is an 

Education, Tests 

and Measurements 

subject category 

(Use descriptor 

0288) 

Use keywords 

in the Keywords 

Column as neededStudent 

Development

(UT) Student 

Development; 

(R) Individual 

Development

Use keywords 

in the Keywords 

Column as needed

Use keywords 

in the Keywords 

Column as needed

Use keywords 

in the Keywords 

Column as needed

Learning Use keywords 

in the Keywords 

Column as needed

(UT) Academic 

Achievement; 

(B) Learning; 

(UT) Intellectual 

Development; 

(UT) Cognitive 

Development

(ST) Learning; (NT) 

Cognitive Learning; 

(ST) Cognitive 

Development; 

(ST) Learning; (NT) 

Cognitive Learning

Student Outcomes (UT) Outcomes 

of Education; 

(RT) Educational 

Assessment

Educational 

Measurement

(ST) Educational 

tests and 

measurements; 

(ST) Students-

-Rating of

(ST) Educational 

indicators; (RT) 

Educational 

accountability

UT: use term

RT: related term

NT: narrower term

BT: broader term

ST: subject term



 APPENDIX D 41

TABLE D4 

Reading keywords used for electronic searches

Keywords

ERIC  

Thesaurus Term(s)

PsycINFO 

Thesaurus Term(s) SocIndex 

Professional 

Development 

Collection 

Dissertation 

Abstracts

English (UT) English, (RT) 

English curriculum, 

English instruction

(UT) English, (RT) 

English as Second 

Language

Use keywords from 

Keyword column as 

needed

(ST) English (RT) 

English Language—

Study and Teaching

There are 

Language 

and Literature 

(Descriptor 

code: 0279), 

Reading 

(Descriptor 

code: 0535), 

Education-

Bilingual and 

Multicultural 

(Descriptor 

code: 0282) 

subject 

categories

Use keywords 

in the 

Keywords 

column as 

needed

Language Arts (UT) Language Arts, 

(RT) Language Skills, 

Literature

(RT) Language Arts 

Education, Language 

Development

(ST) Language Arts (ST) Language Arts

Literacy (UT) Literacy, (RT) 

Literacy Education, 

Reading Skills, 

Writing Skills

(UT) Literacy, (RT) 

Language, Literacy 

Programs, Reading 

Development

(ST) Literacy, (RT) 

Reading, Writing

(ST) Literacy, (RT) 

Reading, Writing

Reading (UT) Reading, (RT) 

Decoding, Language 

Processing, Reading 

Ability, Reading 

Instruction, Reading 

Programs, Reading 

Skills 

(UT) Reading, (RT) 

Reading Education, 

(ST) Reading, (RT) 

Reading—phonetic 

method 

(ST) Reading (RT) 

Literacy, Reading—

phonetic method 

Alphabetics (UT) Alphabetics Use keywords from 

Keyword column as 

needed.

Use keywords from 

Keywords column as 

needed.

Use keywords from 

Keywords column as 

needed.

Composition  (UT) Writing (UT) Writing Use keywords from 

Keywords column as 

needed.

(ST) Grammar, 

comparative 

and general—, 

composition 

(language arts)

Comprehension (UT) Comprehension, 

(NT) Listening 

Comprehension, 

Reading 

Comprehension

(UT) Comprehension, (ST) Comprehension, (ST) Comprehension, 

(NT) Learning, 

Reading 

Comprehension, 

Listening

Fluency (UT) Reading 

Fluency, Language 

Fluency, 

(UT) Verbal Fluency, 

(RT) Language 

Proficiency, Oral 

Communication, 

Use keywords from 

Keywords column as 

needed.

(ST) Fluency 

(Language Learning)

Grammar (UT) Grammar, (RT) 

Sentence Structure, 

(UT) Grammar, (NT) 

Syntax

(ST) Grammar, 

comparative & 

general, Intonation 

(Phonetics) (NT) 

Morphology, 

Phonology, Syntax

(ST) Grammar, 

Comparative & 

General, Language 

& Languages-

Grammar

Letter 

knowledge

Use keywords from 

Keyword column as 

needed.

Use keywords from 

Keyword column as 

needed

Use keywords from 

Keyword column as 

needed

Use keywords from 

Keywords column as 

needed

Phonemic 

awareness

(UT) Phonemes, (BT) 

Phonemics

(UT) Phonological 

awareness

(ST) Phonemics (ST) Phonemics

Phonics (UT) Phonics, (BT) 

Phonetics, 

(UT) Phonics, (RT) 

Initial Teaching 

Alphabet, Reading 

Education

(ST) Reading—

phonetic method 

(BT) Phonetics 

(ST) Reading—

phonetic method

CONTINUED
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Keywords

ERIC  

Thesaurus Term(s)

PsycINFO 

Thesaurus Term(s) SocIndex 

Professional 

Development 

Collection 

Dissertation 

Abstracts

Phonological 

awareness

(UT) Reading Skills (UT) Phonological 

awareness, (RT) 

Phonemes, 

Phonology, Word 

Recognition

Use keywords from 

Keywords column as 

needed.

(ST) Phonological 

awareness

There are 

Language 

and Literature 

(Descriptor 

code: 0279), 

Reading 

(Descriptor 

code: 0535), 

Education-

Bilingual and 

Multicultural 

(Descriptor 

code: 0282) 

subject 

categories

Use keywords 

in the 

Keywords 

column as 

needed

Print awareness Use keywords from 

Keyword column as 

needed.

Use keywords from 

Keywords column as 

needed.

Use keywords from 

Keywords column as 

needed.

(ST) Print awareness

Vocabulary (UT) Vocabulary, (NT) 

Basic Vocabulary, 

(RT) Vocabulary 

Development, 

Vocabulary Skills, 

Verbal Development

(UT) Vocabulary, 

(RT) Verbal 

Communication

(ST) Vocabulary, (RT) 

Language arts

(ST) Vocabulary, (NT) 

Word recognition 

(RT) Vocabulary 

instruction, 

Vocabulary in 

language teaching

Writing (UT) Writing, 

Composition 

(NT) Paragraph 

Composition, 

(RT) Writing 

Ability, Writing 

Improvement, 

Writing Instruction, 

Writing Processes, 

Writing Skills, 

(UT) Writing Skills, 

(RT) Literacy, Literacy 

Programs, Written 

Communication, 

Verbal Ability

(ST) Writing, (BT) 

Communication, 

(RT) Literacy, 

Literature, Written 

Communication

(ST) Writing (RT) 

Literature, Written 

Communication, 

(NT) English 

Language—Writing, 

(0T) Composition—

Language Arts

UT: use term

RT: related term

NT: narrower term

BT: broader term

ST: subject term

TABLE D4 CONTINUED

Reading keywords used for electronic searches
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TABLE D5 

Mathematics keywords used for electronic searches

Keywords

ERIC  

Thesaurus Term(s)

PsycINFO 

Thesaurus 

Term(s) SocIndex 

Professional 

Development 

Collection 

Dissertation 

Abstracts

Mathematics (UT) Mathematics, 

(RT) Mathematical 

Application, 

Mathematical Concepts, 

Mathematics Activities, 

Mathematics Curriculum, 

Mathematics Education, 

Mathematics Instruction, 

Mathematics Skills

(UT) 

Mathematics, 

Mathematics 

(Concepts), 

(UT) Mathematics, (UT) Mathematics, There is a 

Mathematics 

(Descriptor 

code:0280) subject 

category

Use keywords 

from Keyword 

column as 

needed.
Algebra (UT) Algebra, (RT) 

Prealgebra, 

(UT) Algebra, 

Use term 

Mathematics to 

access references 

from 1973 to June 

2003

(UT) Algebra (UT) Algebra, (RT) 

Mathematical 

Analysis

Arithmetic (UT) Arithmetic, (RT) 

Number Concepts, 

Arithmetic Systems, 

(UT) Mathematics Use keywords from 

Keyword column as 

needed.

(UT) Arithmetic, 

(RT) Mathematical 

Ability

Computation (UT) Computation, 

Mental Computation

Use keywords 

from Keywords 

column as 

needed.

Use keywords from 

Keywords column 

as needed.

(UT) 

Computational 

Intelligence

Data analysis (UT) Data analysis, (RT), 

Data processing, 

Use keywords 

from Keywords 

column as 

needed.

Use keywords from 

Keywords column 

as needed.

(UT) Data Analysis

Functions (UT) Mathematics Use keywords 

from Keywords 

column as 

needed.

Use keywords from 

Keywords column 

as needed.

(UT) Functions, 

(RT) Calculus, 

Mathematical 

Models, Algebraic 

Functions

Geometry (UT) Geometry, (RT) 

Geometric Concepts

(UT) Geometry, 

Use term 

Mathematics to 

access references 

from 1973 to June 

2003

Use keywords from 

Keywords column 

as needed.

(UT) Geometry

Graphing Use keywords from 

Keyword column as 

needed.

(UT) Graphical 

displays, 

(UT) Graphic 

Methods, 

Use keywords from 

Keywords column 

as needed.

UT: use term

RT: related term

NT: narrower term

BT: broader term

ST: subject term
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TABLE D6 

Science keywords used for electronic searches

Keywords

ERIC  

Thesaurus Term(s)

PsycINFO 

Thesaurus Term(s) SocIndex 

Professional 

Development 

Collection 

Dissertation 

Abstracts

Science (UT) Sciences; (R) 

Science Education; 

(RT) Science 

Activities; (RT) 

Science Curriculum

(UT) Sciences; (UT) 

Science Education

(ST) Science (ST) Science; (ST) 

Science—Study and 

Teaching

There is a 

Biological 

Sciences, 

General Biology 

subject category 

(Descriptor code: 

0306)

Use keywords 

from Keywords 

column as 

needed

Data 

Interpretation

(UT) Data 

Interpretation

Use keywords from 

Keywords column as 

needed

Use keywords from 

Keywords column 

as needed

Use keywords from 

Keyword column as 

needed

Earth Science (UT) Earth Science; 

(RT) Space Sciences

Use keywords from 

Keywords column as 

needed

(ST) Earth Sciences (ST) Earth Sciences 

Experiment (UT) Science 

Experiments; 

(RT) Laboratory 

Experiments; 

Laboratory 

Procedures 

Use keywords from 

Keywords column as 

needed

(ST) Experimental 

Design

(ST) Experiments; 

(RT) Experimental 

Design

Exploration Use keyword from 

keyword column as 

needed

Use keywords from 

Keywords column as 

needed

Use keywords from 

Keywords column 

as needed 

Use keywords from 

Keywords column 

as needed

Inquiry (UT) Inquiry; (RT) Questioning (ST) Inquiry (Theory 

of knowledge)

Use keywords from 

Keywords column 

as needed

Investigation (UT) Investigations; 

(R) Evaluation 

Methods

(UT) Experimental 

Methods

Use keywords from 

Keywords column 

as needed

(ST) Investigations

Laboratories (UT) Science 

Laboratories

(UT) Experimental 

Laboratories

(ST) Laboratories (ST) Laboratories

Life Science (UT) Biological 

Sciences

(UT) Biology (ST) Life Sciences (ST) Life Sciences

Observation (UT) Observation; (UT) Observation 

Methods

Use keywords from 

Keywords column 

as needed

Use keywords from 

Keywords column 

as needed

Physical Science (UT) Physical 

Sciences; (RT) 

Physics

(UT) Physics; (UT) 

Chemistry

(ST) Physical 

Sciences

(ST) Physical 

Sciences

Scientific 

Literacy

(UT) Scientific 

Literacy

Use keyword from 

Keywords column as 

needed

(ST) Scientific 

Knowledge

Use keyword from 

Keywords column 

as needed

Scientific 

Procedure

Use keyword from 

keyword column as 

needed

(UT) Empirical 

Methods

(ST) Science—

Methodolgy

(ST) Science—

Methodology 

Scientific 

Reasoning

(RT) Science 

Process Skills

(UT) Reasoning; (R) 

Hypothesis Testing

(ST) Reasoning (ST) Reasoning

UT: use term

RT: related term

NT: narrower term

BT: broader term

ST: subject term
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APPENDIX E  

RELEVANT STUDIES, LISTED BY CODING RESULTS
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