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Preface

The quality of teachers is increasingly recognized as critical to student 
learning. Holding schools and teachers accountable for student per-
formance is a key element of plans for improving public education 

and is likely to remain so as the No Child Left Behind legislation is updated. 
Yet while the education of public school teachers has been the subject of 
concern, it has not been a primary focus of standards-based reform efforts. 
This study was mandated by Congress to answer basic questions about 
teacher education and the research that supports it and to highlight the 
way forward.

The study had two objectives: (1) to pull together a disparate and un-
even research base, so that policy makers can see clearly what is and is not 
known and (2) to propose a research agenda to fill the gaps in that knowl-
edge base. Our focus was clearly defined: we examined initial preparation 
for reading, mathematics, and science teachers. That is, although teacher 
learning is best understood as a process that continues throughout teachers’ 
careers—for example, through induction, mentoring, in-service professional 
development, and professional collaboration—our focus was the ingredi-
ents essential to preparing “well-started beginners.”

While preparation is undeniably important, other factors have signifi-
cant influence on the strength of the nation’s teaching force. The incentives 
that attract aspiring teachers, the status of the field, the compensation 
teachers can expect, the conditions in which they do their work, and their 
opportunities for professional advancement are just a few of the factors that 
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affect who becomes a teacher and who stays in the field. In a report more 
than 20 years ago, the Carnegie Task Force on Teaching as a Profession 
made a number of recommendations regarding teacher preparation, but it 
also clearly articulated the importance of seeing it as tightly integrated with 
other aspects of teachers’ professional lives and other elements of the educa-
tion system. Although our report is not intended to address all the issues 
related to teacher quality, we emphasize that effective teacher education is 
one necessary condition for ensuring the quality of the teaching force, but 
is neither the only condition nor a sufficient one.

Teacher preparation programs are turning out more than 200,000 new 
teachers every year, and those teachers are badly needed to fill vacancies in 
a field that has high turnover and a particular need for teachers prepared 
and willing to work with the neediest children. It is important to strengthen 
teacher preparation, not just because teachers make up one of the largest 
occupational groups in the United States, but also because they are asked to 
serve every child and family in the country. Their work is a basis for demo-
cratic citizenship, and they are at the heart of one of the central experiences 
of growing up—schooling. Nevertheless, teaching has never attained the 
same status as law or medicine, and the uneven quality of teacher prepara-
tion is a reflection of the ambivalence with which university scholars and 
others have historically viewed this female-dominated field. If that is to 
change, improving teacher preparation is vital.

We found many gaps in the knowledge base, but it is important also to 
highlight the considerable grounding we found for many types of guidance 
regarding the preparation of reading, mathematics, and science teachers. 
Our goal was to provide a dispassionate summary and objective analysis 
that will help policy makers debate alternatives and help teacher educators 
provide stronger preparation, while also providing guidance for much-
needed research. Teacher education deserves careful, balanced scrutiny, and 
that is what we have worked to provide.

A number of individuals assisted us in our information gathering and 
analysis and we are very grateful for their thoughtful input and their time. 
At our first meeting, several people provided us with a variety of perspec-
tives and information about a range of questions related to our charge: Joan 
Baratz-Snowden of the American Federation of Teachers; Vicki Bernstein 
of the New York City Department of Education and the New York Teach-
ing Fellows Program; Jean Braxton, dean of the School of Education of 
Norfolk State University; Daniel Fallon of the Carnegie Corporation; Mary 
Hatwood Futrell of the School of Education and Human Development of 
George Washington University; Frederick Hess of the American Enterprise 
Institute; Deborah McGriff of Edison Schools; and Jon Snyder of the Bank 
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Street College. At another of our meetings several individuals assisted us 
in exploring methodological issues: Pamela Grossman, Nomellini Olivier 
professor of education at Stanford University; Karen Hammerness, a post-
doctoral fellow at Stanford University; Raven McCrory of the Division of 
Science and Mathematics Education at Michigan State University; Susan 
Moore-Johnson, professor of teaching and learning at Harvard University; 
Stephen Raudenbush of the Department of Sociology at the University of 
Chicago; Kate Walsh, president of the National Council on Teacher Quality; 
and Robert Yinger, professor of educational studies and teacher education 
at the University of Cincinnati and research director for the Ohio Teacher 
Quality Partnership.

We held workshops to explore several issues in depth. The first ad-
dressed both teacher licensure and program accreditation and we gratefully 
acknowledge the assistance of presenters: Dan Goldhaber of the Cen-
ter on Reinventing Public Education at the University of Washington; 
Peter McWalters of the Rhode Island Department of Education; Frank 
Murray, president of the Teacher Education Accreditation Council; Kara 
Schmitt, formerly of the Michigan Department of Consumer and Industry 
Services; Kathy Sullivan of the North Carolina Department of Public 
Instruction; J. Fredericks Volkwein of the Penn State Center for the Study 
of Higher Education; Judith Watkins of the Council for Higher Education 
Accreditation; and Arthur Wise, president of the National Council for 
the Accreditation of Teacher Education.

At our second workshop we explored two issues. One was the prepara-
tion of mathematics and science teachers, and we thank: Sybilla Beckmann, 
a professor of mathematics at the University of Georgia; Rodger Bybee of 
the Biological Sciences Curriculum Study; Elizabeth Davis of the Depart-
ment of Applied Economics at the University of Michigan; James Hiebert 
of the School of Education at the University of Delaware; Barbara Miller 
of the Education Development Center; Paul Sally, director of undergraduate 
mathematics education at the University of Chicago; Mark Windschitl of 
the College of Education at the University of Washington; and Robert Yager 
of the College of Education at the University of Iowa. The second issue was 
perspectives on professions in the United States, and we thank: Steven Brint, 
a professor of sociology at the University of California, Riverside, and Lee 
Shulman of the Carnegie Foundation for the Advancement of Teaching.

We explored several state and regional analyses of teacher preparation 
by commissioning two studies, and we extend our sincere thanks to Tim Sass 
of Florida State University and to Pamela Grossman and her colleagues for 
their investigations of data from Florida and New York City, respectively. 
We also thank Douglas Harris of the University of Wisconsin at Madison; 
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George Noell of Louisiana State University; Kent Seidel and Robert Yinger, 
both of the University of Cincinnati; and David Wright of the California 
State University System for their contributions to the workshop.

Finally, the intellectual leadership demonstrated by costudy directors 
Lisa Towne and Stuart Elliott in guiding the committee’s work was out-
standing. The substantive and editorial contributions of Alexandra Beatty 
were of the highest quality and added significantly to the shape and elo-
quence of the report. The combined administrative support and responsive-
ness of Tina Winters and Patricia Harvey were also of the highest quality, 
and we are extremely grateful for all they did throughout the committee 
process. We would have no report without them. We also wish to note that 
the views expressed in this report are those of the committee, not the spon-
sors who generously supported our work.

This report has been reviewed in draft form by individuals chosen for 
their diverse perspectives and technical expertise, in accordance with proce-
dures approved by the Report Review Committee of the National Research 
Council. The purpose of this independent review is to provide candid and 
critical comments that will assist the institution in making its published 
report as sound as possible and to ensure that the report meets institutional 
standards for objectivity, evidence, and responsiveness to the study charge. 
The review comments and draft manuscript remain confidential to protect 
the integrity of the deliberative process.

We thank the following individuals for their review of this report: 
Deborah H. Cunningham, Educational Management Services, New York 
State Education Department; Robert E. Floden, Institute for Research on 
Teaching and Learning College of Education, Michigan State University; 
Carolyn D. Herrington, Department of Educational Leadership and Policy 
Studies, Florida State University; Paul W. Holland, Paul Holland Consulting 
Corporation; Kenneth Howe, School of Education, University of Colorado 
at Boulder; Roger Howe, Department of Mathematics, Yale University; 
Joseph Krajcik, School of Education, University of Michigan; Henry M. 
Levin, Economics and Education, Teachers College, Columbia University; 
P. David Pearson, Graduate School of Education, University of California, 
Berkeley; Penelope L. Peterson, School of Education and Social Policy, 
Northwestern; and Steven Rivkin, Department of Economics, Amherst 
College.

Although the reviewers listed above have provided many constructive 
comments and suggestions, they were not asked to endorse the conclusions 
or recommendations nor did they see the final draft of the report before its 
release. The review of this report was overseen by Diana Pullin, School of 
Education, Boston College, and Burton Singer, Emerging Pathogens Insti-
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tute, University of Florida. Appointed by the National Research Council, 
they were responsible for making certain that an independent examination 
of this report was carried out in accordance with institutional procedures 
and that all review comments were carefully considered. Responsibility for 
the final content of this report rests entirely with the authoring committee 
and the institution.

Ellen Condliffe Lagemann, Chair
Committee on the Study of Teacher
Preparation Programs in the United States
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�

Summary

Teachers make a difference. The success of any plan for improving 
educational outcomes depends on the teachers who carry it out and 
thus on the abilities of those attracted to the field and their prepara-

tion. Yet there are many questions about how teachers are being prepared 
and how they ought to be prepared. As mandated by Congress, the U.S. 
Department of Education requested that the National Research Council 
conduct a study of teacher preparation with specific attention to reading, 
mathematics, and science. The Committee on the Study of Teacher Prepara-
tion Programs in the United States was charged to address four questions:

1.	� What are the characteristics of the candidates who enter teacher 
preparation programs?

2.	� What sorts of instruction and experiences do teacher candidates 
receive in preparation programs of various types?

3.	� To what extent are the required instruction and experiences con-
sistent with converging scientific evidence?

4.	� What model for data collection would provide valid and reliable in-
formation about the content knowledge, pedagogical competence, 
and effectiveness of graduates from the various kinds of teacher 
preparation programs?

We examined many aspects of the complex and diverse network through 
which the majority of the nation’s teachers are prepared. It was exception-
ally difficult to assemble a clear picture of teacher preparation because 

Preparing Teachers: Building Evidence for Sound Policy

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/12882


�	 PREPARING TEACHERS

there have been no systematic efforts to collect the necessary data; thus, we 
can provide only partial answers to the first three questions in our charge. 
However, we did find many sources for conclusions about the skills and 
knowledge most likely to be valuable to beginning teachers, as well as clear 
indications of the research that is most needed to build a base of knowledge 
to guide improvements to teacher education.

HOW TEACHERS ARE PREPARED AND CERTIFIED

The lack of data related to the first two questions in our charge, about 
the characteristics of teacher candidates and how they are prepared, is 
surprising—at the very least because of the huge scale of the enterprise. 
There are approximately 3.6 million public school elementary and sec-
ondary teachers in 90,000 public schools in the United States. More than 
200,000 students complete a teacher preparation program each year. Little 
is known about these teacher candidates except that they are predominantly 
female and white.

Aspiring teachers in the United States are prepared in many different 
kinds of programs, which in turn reflect many different kinds of career 
pathways. Between 70 and 80 percent are enrolled in “traditional” pro-
grams housed in postsecondary institutions; the rest enter the profession 
through one of the approximately 130 “alternative” routes.

Yet however they are designated, teacher preparation programs are 
extremely diverse along almost any dimension of interest: the selectivity of 
programs, the quantity and content of what they require, and the duration 
and timing of coursework and fieldwork. Any pathway is likely to entail 
tradeoffs among selectivity, the intensity of the training, and the obstacles 
it presents to teacher candidates. More selective pathways, and those that 
require greater effort and time to complete, may have the disadvantage of 
yielding fewer teachers to fill vacancies, for example, but the teachers they 
do produce may be more highly qualified.

There is some research that suggests that there are differences in the 
characteristics of teacher candidates who are attracted to different path-
ways and types of programs. There is also some research comparing the 
outcomes for graduates of different kinds of programs. However, the dis-
tinctions among pathways and programs are not clear-cut and there is more 
variation within the “traditional” and “alternative” categories than there 
is between these categories. We found no evidence that any one pathway 
into teaching is the best way to attract and prepare desirable candidates 
and guide them into the teaching force. This finding does not mean that the 
characteristics of pathways do not matter; rather, it suggests that research 
on the sources of the variation in preparation, such as selectivity, timing, 
and specific components and characteristics, is needed.
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SUMMARY	 �

The wide variety in teacher education programs led us to consider the 
current mechanisms for accountability and quality control in teacher educa-
tion, which strongly affect the ways that teachers are prepared. These mech-
anisms are a patchwork of mandatory and voluntary processes, including 
state program approval, program accreditation, and teacher licensure and 
certification. These mechanisms are not effectively linked in a coherent, 
outcomes-driven accountability system, and they are not grounded in solid 
empirical research about which program elements or accountability mecha-
nisms are most effective, partly because such research is not available. Thus, 
they neither achieve the goal of a true accountability system nor provide 
evidence about the value of different mechanisms for producing effective 
teachers. In view of this lack of information, the committee recommends 
that the U.S. Department of Education undertake an independent evalua-
tion of teacher education approval and accreditation in the United States.

HIGH-QUALITY PREPARATION

For the third question in our charge, about the extent to which current 
practices in the preparation of mathematics, reading, and science teachers 
are consistent with converging scientific evidence, we found a range of 
potential relevant material. This material included a relatively small body 
of evidence about the effects of particular kinds of instruction and an 
even smaller body of evidence about the effects of particular approaches 
to teacher preparation. Other available research included descriptive and 
qualitative studies about many aspects of teaching and learning in the three 
subjects and a substantial body of empirical work on learning and cogni-
tion. In addition, the relevant professional organizations have drawn on the 
available research and their own intellectual traditions and experience as 
educators to develop content and achievement standards for students and 
for teachers and, in some cases, for teacher education.

These sources together provide the basis for conclusions about:

•	 what successful students know about the subject,
•	 �what instructional opportunities are necessary to support successful 

students,
•	 �what successful teachers know about the subject and how to teach 

it, and
•	 �what instructional opportunities are necessary to prepare successful 

teachers.

In analyzing the available evidence, we were mindful of the need to dis-
tinguish the basis for different sorts of claims and arguments, even as we 
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�	 PREPARING TEACHERS

synthesized the most important points for policy makers and teacher educa-
tors and highlighted questions that have yet to be answered.

There has been an extraordinary amount of work, from a variety of 
fields, on questions about the factors that influence the effectiveness of 
teaching, but this work is only a starting point. There is little firm empiri-
cal evidence to support conclusions about the effectiveness of specific ap-
proaches to teacher preparation. However, we found no reason to question 
the recommendations professional societies have made about what is im-
portant for teachers to know. Moreover, those recommendations integrate 
well with the relatively small body of empirical work. The research base 
is strongest for reading and least strong for science, and our conclusions 
about preparation in the three fields reflect these differences.

In general, the evidence base supports conclusions about the charac-
teristics it is valuable for teachers to have, but not conclusions about how 
teacher preparation programs can most effectively develop those character-
istics. For all three fields, we conclude that both strong content knowledge 
(a body of conceptual and factual knowledge) and pedagogical content 
knowledge (understanding of how learners acquire knowledge in a given 
subject) are important.

For teachers of reading, it is important to (1) understand that students 
must master the foundational skills of reading (which include a firm grasp 
of phonics and comprehension strategies), and (2) possess a range of ap-
proaches for helping all students develop this mastery.

In mathematics, it is important for teachers to be able to foster students’ 
understanding of the core elements of mathematical proficiency (which in-
clude conceptual understanding, procedural fluency, and capacity for rea-
soning and problem solving). This capacity requires not only mathematical 
knowledge, but also understanding of how mathematics learning develops 
and of the variation in cognitive approaches to mathematical thinking.

In science, the key points are similar to those for mathematics teach-
ers: a grounding in college-level study of the science disciplines suitable 
to the age groups and subjects they intend to teach; understanding of the 
objectives for students’ science learning; understanding of the way students 
develop science proficiency; and command of an array of instructional ap-
proaches designed to develop students’ learning of the content, intellectual 
conventions, and other attributes essential to science proficiency.

This was the picture we found of the evidence relevant to teacher prepa-
ration. There is very little systematic research regarding the specific ways 
teachers of reading, mathematics, and science are currently being prepared 
that we could use to make comparisons with that picture. The limited in-
formation we found does not support conclusions about the current nature 
and content of teacher preparation programs.
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EVALUATING EFFECTIVENESS

Ideally, teacher education programs would be evaluated on the basis 
of the demonstrated ability of their graduates to improve the educational 
outcomes of the students they teach. Unfortunately, the data needed for 
such evaluation do not exist, although there has been some promising work. 
More such research is needed, but identifying and measuring the relation-
ship between teacher preparation and student outcomes poses methodologi-
cal difficulties.

First, it is difficult to measure teacher effectiveness in valid and reliable 
ways. Assessments of K-12 student learning are the most readily available 
quantitative measures of educational outcomes. These types of measures 
serve important purposes, but they do not address the full range of out-
comes of concern to policy makers. Indeed, much of the K-12 curriculum 
is not addressed by such tests. The assessment community has made im-
portant strides in developing richer measures of achievement but these are 
not yet at the stage where they could be easily used for systematic analysis 
of teacher effectiveness.

Second, establishing clear causal links between aspects of teacher prep-
aration and outcomes for students is extremely difficult. The effects of 
teacher preparation are hard to disentangle from other factors, such as 
school, curriculum, community, and family influences. Efforts to establish 
causal links are also hobbled by the relative lack of data on the character-
istics of teachers and their preparation; the dearth of robust measures of 
teachers’ knowledge and practice; and difficulties in linking student achieve-
ment to instruction or to what teachers know. And, there is considerable 
distance in time and place between teachers’ preparation and the effects 
their teaching may later have on student achievement.

These obstacles partly account for the paucity of strong empirical 
evidence regarding the effects of teacher preparation. Yet we believe that 
building knowledge about teacher preparation, as in any field of scholarly 
inquiry, requires ambitious and creative approaches to empirically exam-
ining causal relationships. It is very important to connect what occurs in 
preparation programs to characteristics of their graduates, to the ways 
those teacher-graduates interact with their students, and to learning out-
comes for those students.

A MODEL FOR FUTURE RESEARCH

Because the information about teacher preparation and its effectiveness 
is so limited, high-stakes policy debates about the most effective ways to re-
cruit, train, and retain a high-quality teacher workforce remain muddled. If 
the base of empirical knowledge about teacher preparation is thin, the way 
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forward is to build on what has been done by drawing on the professional 
consensus in each academic field for hypotheses about which features of 
teacher preparation are most promising and to subject those hypotheses to 
rigorous research. We were asked to develop an approach to future research 
that would provide a firmer foundation for policy and practice in the future. 
We organized our response around two overarching needs:

1.	� improved understanding of the relationships between characteris-
tics of teacher preparation and student learning, and

2.	� a comprehensive, coherent system for collecting data about teacher 
preparation.

High-Priority Research Questions

The primary need is to build a body of evidence, developed from mul-
tiple perspectives and using an array of research designs, that establishes 
links between teacher preparation and learning—both teachers’ learning 
and K-12 students’ learning. Particularly valuable will be research that 
identifies and explains

•	 �the features that make programs attractive to academically accom-
plished teacher candidates,

•	 �the ways teachers’ knowledge affects outcomes for students, and
•	 �the characteristics of clinical experiences that affect outcomes for 

the students teacher candidates will later teach.

Data Collection

A comprehensive data collection system would provide not only base-
line information for identifying and monitoring trends in teacher prepa-
ration, but also the necessary infrastructure for research into complex 
questions about teacher preparation.

A comprehensive data system for teacher preparation would provide 
meaningful information about teacher candidates, preparation programs, 
practicing teachers, the schools where those teachers teach, and the students 
they teach: that is, it would incorporate indicators beyond standardized 
test scores, degree title, courses taken, or certification category. These data 
would be integrated so that information about teacher candidates and their 
preparation can be connected with their knowledge, teaching practices, 
career paths, school environments, and student outcomes. One key to in-
tegration will be consistent definitions of key indicators so that data from 
states can be compared and used for research.

As states pursue strategies for sharing data and making it more accessible 
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through web-based systems, possibilities for research in teacher preparation 
will expand. The federal government can play a critical role in coordinating 
states’ efforts and encouraging them to move in this direction.

Conclusion

The quality of the nation’s teachers has been the subject of sharp cri-
tiques, and so have many preparation programs. Yet, teacher preparation 
is often treated as an afterthought in discussions of improving the public 
education system. Federal and state policy makers need reliable, outcomes-
based information to make sound decisions, and teacher educators need 
to know how best to contribute to the development of effective teachers. 
Clearer understanding of the content and character of effective teacher 
preparation is critical to improving it and to ensuring that the same cri-
tiques and questions are not being repeated 10 years from now.
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1

Introduction

Teachers make a difference. Indeed, of all the factors that education 
leaders can control, the quality of teaching has perhaps the greatest 
potential effect (see, e.g., Wenglinsky, 2002; Rockoff, 2004; Rivkin, 

Hanushek, and Kain, 2005; Clotfelter, Ladd, and Vigdor, 2007). Policy has 
begun to reflect this perspective, most prominently in the provision of the 
No Child Left Behind Act of 2001 (NCLB) that requires that all public 
school teachers in core academic areas be highly qualified by 2012. Teacher 
qualifications and preparation are likely to remain in focus even as the 
policy environment for education reform shifts. Yet many questions about 
what it takes to produce highly qualified teachers, and about how teachers 
are currently prepared, do not have clear answers. Who enters teaching and 
what educational options are available to aspiring teachers? What should 
teachers be required to study? Should all teachers be required to complete 
a program of professional education, culminating in a university degree? 
Are U.S. teachers provided with real opportunities to develop the necessary 
competence, and what is known about the institutions that prepare them? 
Is there high-quality research to support current methods of preparing 
teachers or to guide improvements?

COMMITTEE TASK AND REPORT

In response to a mandate from Congress for an objective and compre-
hensive synthesis of the available evidence on key questions about teacher 
preparation that could be used as the basis for future policy making, the 
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Institute of Education Sciences of the U.S. Department of Education asked 
the National Research Council (NRC) to conduct the required study. With 
additional support from the Kaufmann Foundation, the Carnegie Corpora-
tion of New York, and the Spencer Foundation, the NRC established the 
Committee on the Study of Teacher Preparation Programs in the United 
States to carry out this work. The committee’s charge was to answer four 
questions:

1.	� Who enters teacher preparation programs (preservice, graduate, 
and alternative)? What is their academic preparation? What is their 
educational background?

2.	� What type of instruction and experiences do participants receive in 
the preparation program? Who delivers it? To what extent is there 
commonality in content and experiences?

3.	� To what extent is the required coursework and experiences in read-
ing, mathematics, and science across teacher preparation programs 
consistent with converging scientific evidence?

4.	� What model for data collection would provide valid and reliable in-
formation about the content knowledge, pedagogical competence, 
and effectiveness of graduates from the various kinds of teacher 
preparation programs?

We interpreted this charge as focusing on public school teachers both 
because they are the objects of public policy and because the majority of 
the research on teacher quality and teacher preparation also focuses on 
them. We recognize the vital contribution that private school teachers 
make, but more than 85 percent of students in the United States attend 
public schools.�

Broadly viewed, our charge was to review the scientific evidence that 
pertains to teacher preparation and to consider the data collection that will 
best support improvements to this critical element of the public education 
system. The goal, implicit in our charge, was to rely on findings that are the 
product of responsible scholarship. We faced several challenges, however. 
First, the available data relevant to our charge are patchy. Second, the task 
of applying empirical evidence to some of the questions raised complex 
conceptual issues, such as the challenge of linking teacher characteristics 
and preparation to measures of student outcomes. In pursuit of answers, 

� In 2006, more than 49 million students were enrolled in public schools, just over 6 million 
were enrolled in private schools, and another 1.5 million were home schooled (see http://nces.
ed.gov/quicktables/ [January 2010]). Career pathways and preparation for private school 
teachers may differ in significant ways from those of public school teachers, but these differ-
ences are not well documented.
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we explored a wide range of materials, held searching discussions about 
what inferences could be drawn from different sorts of evidence, and com-
missioned reports to delve more deeply into specific questions.

The committee had six formal meetings and a range of other interac-
tions in the course of our study. We considered presentations from people 
with a range of expertise and perspectives on methodological issues; on 
what knowledge, skills, and attributes teachers should have; on the nature 
of teacher preparation in a variety of jurisdictions; and on the nature of 
professions. We also held two workshops, one on teacher certification and 
licensure and the accreditation of teacher preparation programs, and the 
other on evidence related to the preparation of teachers of mathematics 
and science.

In order to probe more deeply into several of our study questions, 
we commissioned three additional analyses, two on teacher preparation 
programs and career pathways in two jurisdictions and one related to data 
collection. Grossman and colleagues (2008) investigated the specific char-
acteristics of teacher preparation and the impact they may have on student 
achievement in New York City, and Sass (2008) conducted a similar analy-
sis for Florida. Crowe (2007) provided an overview of the current state of 
data systems, data collection, and data quality relevant to the knowledge, 
skills, and effectiveness of program graduates, which assisted us in respond-
ing to the part of our charge that requested recommendations regarding a 
model for future data collection.

Our response to our charge has several parts. The remainder of this 
chapter provides an overview, covering the characteristics of those who 
enter the field, a brief history of teacher preparation designed to provide 
context for current pressing policy and research questions, and a few key 
points about the circumstances in which today’s teachers work. We were 
asked a number of factual questions about the current state of scholarship 
on how teachers ought to be prepared, as well as what is known about how 
they are currently being prepared. Most of that information is presented in 
Chapters 3 through 8.

Since we were also asked to review the status of data collection and 
other kinds of research and to develop a framework to guide future work, 
we turn to that issue first in Chapter 2. The nature of the available lit-
erature, as well as conceptual questions about the sorts of inferences the 
committee could make from different kinds of material, were the subject 
of far more of the committee’s deliberations than we had expected. These 
issues are important not only to our own deliberations, but also to a clear 
understanding of what it will take to improve teacher preparation.

In Chapter 3 we present what we have learned about the career path-
ways open to teacher candidates and the programs in which they are edu-
cated. In Chapters 4 through 7 we present our findings related to content 
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preparation, in response to the second and third questions in our charge. 
Chapter 4 is an overview of issues that cut across the three school subjects 
we addressed. Chapters 5, 6, and 7 describe our findings related to read-
ing, mathematics, and science, respectively. Chapter 8 examines the issues 
of accountability and quality control in teaching and their effect on teacher 
preparation.

In Chapter 9 we return to the issues raised in Chapter 2 in presenting 
our research agenda for the future and our concluding thoughts. A dissent 
to our report from committee member Michael Podgursky is Appendix A.

one of The Largest OccupationS in the United States

The 3.6 million elementary and secondary public school teachers work-
ing in the United States in 2006 made up more than 8.5 percent of all 
college-educated workers aged 25 to 64 years old (National Center for Edu-
cation Statistics, http://nces.ed.gov/programs/digest/d08/tables/dt08_064.
asp [November 2009]). By way of comparison, there were approximately 
888,000 physicians, 1.0 million lawyers, and 2.9 million registered nurses 
practicing in the United States in 2007. Approximately 200,000 new teach-
ers graduate each year, a pace that far outpaces that in any other profession. 
For example, just over 16,468 new doctors graduated from 128 medical 
schools in 2009 (http://www.aamc.org/data/facts/enrollmentgraduate/start.
htm [January 2010]).

Although professional training is still not a universal requirement for 
aspiring teachers, by the 1950s it was common for public school teachers 
to receive at least some preservice professional education in a college or 
university setting (Fraser, 2007). Yet teacher education has never been 
standardized as it has been for some other occupations. Teaching has fre-
quently been regarded as less than a full profession, and both the study of 
pedagogy and teacher preparation have been accorded less status than other 
professional or academic pursuits (National Research Council, 2008a). 
States’ requirements for teacher qualifications and their governance of 
teacher preparation vary markedly, as we discuss in later chapters. Thus, 
like the public education system it serves, teacher preparation continues to 
be characterized by variation rather than standardization (Labaree, 2004; 
Fraser, 2007).

It is a substantial enterprise nevertheless. In 2004, more than 220,000 
students completed a teacher preparation program (U.S. Department of 
Education, 2006). In 2006, 174,620 master’s degrees were awarded in 
education, accounting for 29.4 percent of all the master’s degrees awarded 
that year (National Center for Education Statistics, 2007); master’s degrees 
in business were the second most numerous, at 142,617. An additional 
107,238 education students earned bachelor’s degrees that year, account-
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ing for 7.2 percent of all bachelor’s degrees that year (National Center for 
Education Statistics, 2007), and many more so-called alternative programs 
augment the numbers of new teachers.� Teach for America, a program that 
recruits recent graduates of the nation’s most elite colleges and universi-
ties and provides them with training both before and after they enter the 
classroom, is perhaps the best known of these. Many school districts have 
established fellows’ programs, which usually combine expedited entrance 
into teaching with tuition-supported enrollment in graduate study in edu-
cation. There are numerous other models as well—by one count there are 
130 pathways identified as “alternative” in the 50 states and the District 
of Columbia (U.S. Department of Education, 2006).

Yet universities still dominate: 70-80 percent of students who completed 
teacher preparation programs were enrolled in one of 1,096 programs situ-
ated in postsecondary institutions (U.S. Department of Education, 2006).� 
These programs typically include 4-year bachelor’s degree programs and 
1-year postbaccalaureate programs (see Chapter 3).

CHARACTERISTICS OF TEACHERS

We were asked about the characteristics of those who enter teacher 
preparation programs and the extent to which their characteristics may 
vary across programs. We found little systematic information about teacher 
candidates as they enter preparation programs (see Chapters 5-7 for some 
program-specific research); more research attention has been paid to the 
characteristics of new teachers who enter the field. The National Center 
for Education Statistics recently initiated a longitudinal study of beginning 
teachers (see http://nces.ed.gov/surveys/btls/ [November 2009]), which will 
eventually provide information about the career pathways of teachers who 
have been prepared in different ways.

Other sources provide demographic data about teacher education stu-
dents and the current public school teaching work force: these data were 
summarized by Zumwalt and Craig (2005). Confining their attention to 
studies and survey data published between 1985 and 2004 that used sample 
sizes and methodologies that were clearly described and strong enough to 
support their reported conclusions, Zumwalt and Craig were able to as-
semble a general picture of current teachers. We note that although this 
summary reflects data available through 2004, much of the information 
is from the 1980s and 1990s; we were not able to locate more up-to-date 

� Distinguishing between “alternative” and “traditional” programs is so complex that the 
labels are no longer useful; see Chapter 3.

� Chapter 3 includes a more detailed discussion of the challenges of counting teacher prepa-
ration programs.
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data. Zumwalt and Craig note that there is a significant time lag in the 
collection, release, and analysis of data about teachers and that there are 
significant gaps between data collection points. Because there is no compre-
hensive effort to collect data about teacher candidates, information about 
their characteristics is not precise. For example, Zumwalt and Craig note 
that because classifications of ethnic groups have changed over the years, 
they have little confidence even in the limited information they found on 
this characteristic.

The teaching work force remains overwhelmingly female: 75 percent 
in 2000. Although the percentage of female college graduates choosing to 
enter teaching dropped from 40 percent in 1970 to 11 percent in 1990, 
females are likely to continue dominating the field because they make up 
an even higher proportion (84 percent) of teachers in their 20s. Teacher 
education students are also overwhelmingly female, and aspiring elemen-
tary teachers are more likely to be female than aspiring secondary teachers. 
Available data provide varying estimates—between 67 and 80 percent—of 
all teacher education students.

Teachers are also predominantly white (84 percent); 7.8 percent are 
African American, 5.7 percent are Hispanic, 1.6 percent are Asian Ameri-
can, and 0.8 percent are Native American. Zumwalt and Craig (2005, 
p. 114) note that while these proportions have fluctuated slightly, “the 
diversity gap between students and teachers is large and widening.” This 
claim is supported by the limited data that are available, which show, for 
example, that the number of nonwhite students earning bachelor’s degrees 
in education declined by 50 percent between 1975 and 1982.

The proportions of teacher candidates of different ethnic backgrounds 
differ across regions and institutions: some studies show that alternative 
programs may attract higher proportions of African American students 
than traditional programs do. Because students tend to look for postsec-
ondary options close to home, the distribution of population subgroups 
among teacher preparation programs partly reflects the make-up of the 
regions in which they live. African American students, whose families’ 
incomes are lower than those of white students, are more likely to attend 
2-year programs.

In terms of other characteristics, the average age of teacher education 
students has been increasing slightly, likely reflecting a greater number of 
postgraduate and alternative options. Teachers’ socioeconomic status, as 
measured by their parents’ educational attainment, has edged up, as has 
that of teacher education students, but this trend may simply reflect the 
increase in overall educational attainment in the United States over time. 
Data collected by the National Center for Education Statistics (1999) show 
that almost all teachers have a bachelor’s degree, and that 45 percent have 
a master’s degree. High school teachers are the most likely to have a degree 
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in an academic field, rather than an education degree: 66 percent of high 
school teachers, 44 percent of middle school teachers, and 22 percent of 
elementary school teachers.

A BRIEF HISTORY of Teacher Education

The scale of initial teacher preparation is daunting and highlights the 
policy challenge of increasing teacher quality. Many of the newer pathways 
that are now part of the nation’s teacher preparation system were created 
in response to concerns about teacher quality. But much of the innovation 
in teacher preparation, whether in university-based programs or in other 
settings, has not been well documented, and, as discussed below, data have 
not been systematically collected to support firm conclusions about which 
programs produce effective teachers.

The extreme variation in the way U.S. teachers are prepared reflects the 
overlapping layers of authority and oversight in a system that has placed 
education firmly in the jurisdiction of state and local governments. Since 
Horace Mann took charge of the first state department of education in the 
Commonwealth of Massachusetts in the 1840s, state departments have 
added their authority on top of those of local school authorities. Passage 
of the Elementary and Secondary Education Act of 1965 (ESEA) broke 
through long-standing opposition to federal involvement in public educa-
tion, and, more recently, NCLB, a revision of ESEA, greatly enlarged the 
federal role. However, the federal government has had little direct involve-
ment in or influence on teacher preparation.

A brief look at the historical roots of teacher preparation in the United 
States sheds some light on its current nature and structure. Formal teacher 
training began with the establishment of normal schools during the mid-
19th century. Between 1839 and 1865, 15 normal schools began operation; 
by 1890, there were 92 such schools (Lagemann, 2002; Ogren, 2005).� 
Beginning in 1879, colleges and universities also started to appoint special 
professors of pedagogy, and by the turn of the 20th century, universities 
that supported schools and colleges of education began to compete with 
normal schools for both aspiring teachers and state funds. Eventually, uni-
versities became dominant and normal schools either were incorporated 
into universities or began their slow evolution into state universities (Jencks 
and Reisman, 1967; Judge, 1982; Clifford and Guthrie, 1988; Herbst, 
1989; Labaree, 2004; Fraser, 2007).

Complaints about teachers’ lack of competence—and even ridicule of 
their shortcomings—date as far back as the colonial era (and are still heard 
regularly today) (Elsbree, 1939; Sedlak, 1989; Lagemann, 2002). Yet few 

� Normal schools were those set up to prepare high school graduates to be teachers.
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formal studies of teacher education appeared until early in the 20th century 
(many sponsored by private philanthropic organizations), and the quality of 
teaching did not become a matter of intense public policy concern until the 
1950s and 1960s. In those years, concern about the lack of rigor in public 
schools led to challenges to the progressive educational practices that had 
been adopted in the 1930s. Such books as Educational Wastelands: The Re-
treat from Learning in Our Public Schools (Bestor, 1953), The Diminished 
Mind (Smith, 1954), Education and Freedom (Rickover, 1959), and The 
Miseducation of American Teachers (Koerner, 1965) offered a pessimistic 
view of teachers and their preparation. One response came from John W. 
Gardner, president of the Carnegie Corporation, who asked former Har-
vard University President James B. Conant to study teacher preparation 
and other aspects of public education. Conant (1963) concluded that the 
problem lay with the education classes teachers were required to take. He 
advocated that teachers be educated in master’s degree programs, similar to 
one he had established at Harvard, in which students would study the lib-
eral arts and experience supervised practice teaching (Lagemann, 1989).

The publication of A Nation at Risk (National Commission on Excel-
lence in Education, 1983) initiated the longest sustained period of atten-
tion to public education in the nation’s history and ignited a new wave of 
interest in teacher preparation. Using an alarmist style, the report described 
deficiencies in the public schools. Although diagnoses of the problem have 
shifted since the report was published, a consensus emerged that instruc-
tion was critical to student achievement and that both teacher quality and 
preparation needed to be addressed.

As a follow-up to that report, the Carnegie Task Force on Teaching as 
a Profession (1986) issued a report that made a number of recommenda-
tions designed to improve the quality of the nation’s teaching force, one of 
which was to “develop a new professional curriculum in graduate schools 
of education leading to a Master’s in Teaching degree, based on systematic 
knowledge of teaching and including internships and residencies in schools 
(p. 3). The report also called for the establishment of the National Board 
for Professional Teaching Standards (NBPTS), a body that would certify 
practicing teachers who meet standards of accomplished teaching (that 
is, teachers who have moved beyond entry-level skills and knowledge) 
as part of its broad goal of establishing a more professional environment 
for teachers and a career trajectory that would reward them for pursuing 
excellence.

The NBPTS has been operating for more than 20 years, but the 
Carnegie Task Force’s recommendations for teacher education—like those 
Conant had made earlier—have not been systematically pursued (National 
Research Council, 2008a). Many other individuals and groups have also 
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made recommendations about teacher preparation, yet it remains extremely 
varied and, as we discuss in subsequent chapters, difficult to characterize.

A CHANGING STUDENT POPULATION

As views of how teachers ought to be prepared have shifted over time, 
other changes have affected the demands on practicing teachers—and, in 
turn, expectations for their preparation. We cannot address all of these 
changes here, but changes in the population of U.S. public school students 
and in views about the public schools’ responsibility to students with vary-
ing needs have had particularly broad implications for teachers’ work. 
Three changes have been particularly important: a commitment to high 
standards and college for all, increasing population diversity, and the Indi-
viduals with Disabilities Education Act (IDEA) of 1975.

The commitment to educate all students—particularly including those 
from historically underserved groups, such as minorities and students from 
low-income families—to high standards has had profound implications for 
public school teachers. The proportion of students graduating from high 
school grew from less than 10 percent in 1900 to about 75 percent by the 
1970s. Today educators are expected to prepare every child to go on to 
postsecondary education—an idea that would have seemed preposterous 
100 years ago (National Research Council, 2001c).

Some important implications of this commitment are evident when one 
contemplates the numbers of children who are living in poverty, including 
some who are homeless, and the ways in which their circumstances may 
affect their education.� High-poverty students are the most likely to be 
taught by teachers who are not well qualified, in part because high-poverty 
schools tend to see high teacher turnover (Clotfelter, Ladd, and Vigdor, 
2007). Although some teacher preparation programs may focus attention 
on the needs of poor and homeless children, there are no systematically 
collected data on the subject.

With respect to the nation’s fast-changing demographics, the word 
“diversity” may have lost some of its impact through overuse, but its impli-
cations for public education are very concrete. As the United States has ex-
perienced significant increases in immigration in recent decades, the number 
of young people for whom English is not their first language has grown, as 
has the geographic dispersion of those young people. Language and cultural 
diversity is not a new feature of U.S. schools. Education historians point 

� In 2006, for example, 17 percent of children were living in families with incomes below 
the poverty line (see http://www.childtrendsdatabank.org/indicators/4Poverty.cfm [January 
2010]), and it is estimated that between 5 and 8 percent of school-age children are homeless 
(see http://www.endhomelessness.org/content/article/detail/1659 [January 2010]).
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to large numbers of immigrants in the first decades of the 20th century, es-
pecially in urban schools, and note that they had a significant influence on 
goals for public schooling, such as teaching citizenship, promoting student 
health, and providing vocational education (Editorial Projects in Education, 
2000). However, the numbers, percentages, and geographical distribution 
of students who are immigrants or the children of recent immigrants have 
all expanded significantly in recent decades. In 2000, 20 percent of all 
children under 18 (11 million of the 58 million school-age children) in the 
United States had parents who were recent immigrants (Capps et al., 2005). 
As has historically been the case, the children of immigrants are concen-
trated in the largest states: California currently has the largest percentage of 
such children (47 percent), and New York and Texas also have significant 
percentages of such children and long immigrant traditions (Capps et al., 
2005). But other states in regions that had previously had only very small 
numbers have seen dramatic increases in a very short time. Between 1990 
and 2000, for example, Georgia, Illinois, Minnesota, Nevada, and North 
Carolina saw increases in their language-minority populations of more than 
100 percent, and in some cases more than 200 percent. More than half 
of these students, 55 percent, come from Spanish-speaking countries; the 
next largest group, 25 percent, is from Asia; and 4 percent are from Africa 
(Capps et al., 2005).

The children of immigrants bring to the classroom a wide range of lan-
guage and cultural traditions. Teachers may see these traditions as potential 
assets, rather than as deficits for learning, but these students nevertheless 
present challenges for teaching. These children vary in the educational expe-
riences they have had prior to entering U.S. schools (if they are immigrants 
themselves), in their parents’ level of education, and many other factors. 
A significant number have had their education interrupted—and are now 
identified as a distinct group, students with interrupted formal education. 
The majority of students who are English-language learners both live in 
linguistically isolated families (that is, families in which the adults are also 
English-language learners) and attend linguistically segregated schools. At 
the same time, however, many communities are home to students from mul-
tiple linguistic backgrounds, so teachers might be responsible for children 
who are speakers of several different languages in one class.

Speakers of dialects in regions around the country also present a 
challenge for many teachers; that is, some native students speak a “non-
standard” English that significantly affects their education. Like English-
language learners, these students are likely to be reading below grade level 
and to lack the necessary vocabulary to succeed in academic subjects. 
Results from the National Assessment of Educational Progress and other 
education indicators consistently show that these students do not perform 
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as well academically as their peers, and many studies document the deficien-
cies in their educational opportunities (Banks et al., 2005).

Though many would argue that every form of teacher preparation 
should incorporate the knowledge and skills needed to teach these stu-
dents (Lucas and Grinberg, 2008), preparation in this domain is uneven 
at present. One study of the 1.2 million teachers (about 43 percent of all 
teachers) with “emergent bilinguals” (students not yet fluent in English) 
in their classrooms found that only 11 percent were certified in bilingual 
education; another 18 percent were certified in teaching English as a second 
language. On average, these 1.2 millions teachers had received 4 hours of 
in-service training for working with emergent bilinguals over the previous 
5 years (Zehler et al., 2003). (Only 15 percent of these teachers were fluent 
in another language.) Although there are many challenges that complicate 
teachers’ work, the diversity of the 21st-century classroom is a central one. 
The needs of English-language learners are of particular importance to 
teachers of reading, as we discuss in Chapter 5.

The inclusion of many more children with disabilities has been an-
other very significant change for U.S. schools. Between 1984 and 1997, 
high school graduation rates for children with disabilities increased signifi-
cantly (see http://www.ed.gov/policy/speced/leg/idea/history.html [November 
2009]). Public schools have also moved from accommodating almost no stu-
dents with disabilities to accommodating most of them. For these students, 
1975 was a landmark year: passage of the Education for All Handicapped 
Children Act, which mandated that children who were deaf, blind, emo-
tionally disturbed, or mentally retarded could no longer be excluded from 
neighborhood schools.

Today, the legislation governing students with disabilities requires spec-
ified educational services, mostly provided within a regular school setting. 
Prior to its enactment, children with disabilities were more likely to be ex-
cluded from public education or given only limited access to it. The law was 
designed to address specific challenges to providing an equitable education 
for these students, by, for example, requiring the development of individual 
education plans to meet students’ needs, training for teachers, and programs 
designed to be relevant for families of different cultural backgrounds with 
disabled children (U.S. Office of Special Education Programs, no date). In 
the 2006-2007 school year, 6.7 million children, approximately 9 percent of 
the population aged 3 to 21 in the United States, were receiving educational 
services as required by IDEA, and these students comprised approximately 
11.5 percent of students enrolled in prekindergarten through 12th grade 
(National Research Council, 2004; see http://nces.ed.gov/fastfacts/display.
asp?id=59 [February 2010]).

The needs of the students with disabilities who are served by public 
schools vary dramatically. One-half have some sort of learning disability, 

Preparing Teachers: Building Evidence for Sound Policy

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/12882


20	 PREPARING TEACHERS

ranging from mild to quite severe. Other disabilities include speech or 
language impairments, physical disabilities, cognitive disabilities, mild to 
severe medical and emotional disabilities, and injuries (National Research 
Council, 2004). Although states and districts vary in their criteria for diag-
nosing disabilities and in the specific policies through which they implement 
the IDEA requirements, it is clear that teachers face far different challenges 
than they did prior to IDEA and that many teachers are responsible for 
students with a wide range of disabilities. Overall, the work of teachers has 
become more and more complex as the nation pursues the goal of equal, 
and equally high-quality, education for all students.
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2

Seeking Strong Evidence

The committee’s charge was to consider the scientific evidence on 
teacher preparation and to design an agenda for the research that is 
needed to provide the knowledge for improving that preparation. We 

found many different kinds of evidence that relate to teacher preparation: 
as we sifted through the available work, we repeatedly confronted questions 
about evidentiary standards. At times we struggled to agree on whether 
particular kinds of information constituted evidence and on the sorts of in-
ferences that could be drawn from different kinds of evidence. This chapter 
describes the issues we identified and our approach to them.

APPROACHES TO RESEARCH DESIGN AND EVIDENCE

Much has been written about the problems of conducting research in 
education, specifically about the appropriateness of various research designs 
and methods and ways to interpret their results. In general, we are in agree-
ment with the approach to research in education described in the National 
Research Council (NRC) (2002a) report Scientific Research in Education. 
In particular, that report identified six principles that should guide, but not 
dictate, the design of research in education:

1.	 Pose significant questions that can be investigated empirically.
2.	 Link research to relevant theory.
3.	 Use methods that permit direct investigation of the question.
4.	 Provide a coherent and explicit chain of reasoning.
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5.	 Replicate and generalize across studies.
6.	 Disclose research to encourage professional scrutiny and critique. 

The application of these principles to questions about teacher prepara-
tion poses particular conceptual and empirical challenges:

•	 �There are no well-formed theories that link teacher preparation to 
student outcomes.

•	 �The complex nature of schooling children makes it difficult to iden-
tify empirically the role of teacher preparation among the many 
intertwined influences on student outcomes.

•	 �The use of strict experimental design principles can be problematic 
in some educational settings. Teacher candidates are sorted into 
teacher preparation programs in nonrandom ways, just as begin-
ning teachers are nonrandomly sorted into schools and groups of 
students: consequently, it is difficult to control for all the important 
factors that are likely to influence student outcomes.

Improving learning outcomes for children is a complex process. Both 
common sense and sophisticated research (e.g., Sanders and Rivers, 1996; 
Aaronson, Barrow, and Sander, 2003; Rockoff, 2004; Rivkin, Hanushek, 
and Kain, 2005; Kane, Rockoff, and Staiger, 2006) indicate that teach-
ers have enormously important effects on children’s learning and that the 
quality of teaching explains a meaningful proportion of the variation in 
achievement among children. However, understanding that teachers are 
important to student outcomes and understanding how and why teach-
ers influence outcomes are very different; our charge required us to think 
carefully about the evidence of the effects of teacher preparation. Student 
learning is affected by numerous factors besides teaching, many of which 
are beyond the control of the educational system. Even the factors that are 
affected by education policy involve intricate interactions among teachers, 
administrators, students, and their peers.�

Disentangling the role that teachers play in influencing student out-
comes is difficult, and understanding the ways in which teacher education 
influences student outcomes is much more difficult. The design and the 
delivery of teacher education are connected to outcomes for K-12 students 
through a series of choices made by teacher educators and by teacher 
candidates in their roles as students and, later, as teachers. Identifying the 
empirical effects of teacher preparation on student outcomes poses many 

� We note the progress that has been made in exploring causal relationships in education in 
new work supported by the Department of Education and in work synthesized by the What 
Works Clearinghouse (see http://ies.ed.gov/ncee/wwc/ [September 2009]).
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of the problems that arise in most social science research, including: (1) 
the development of empirical measures of the important constructs, (2) 
accounting for the heterogeneous behavioral responses of individuals, and 
(3) the nonrandom assignment of treatments (teacher preparation) in the 
observable data. As in other social science research, the challenge of devel-
oping convincing evidence of the causal relationship between the prepara-
tion of teacher candidates and the outcomes of their K-12 students places 
strong demands on theory, research designs, and empirical models.

Some of these challenges are illustrated in Figure 2-1. Teacher candi-
dates bring certain abilities, knowledge, and experiences with them as they 
enter teacher preparation programs. These differences likely vary within 
and across programs. The candidates then experience a variety of learning 
opportunities as part of their teacher education. Again, these experiences 
and the resulting knowledge and skills likely vary within and across pro-
grams. After completing their training, candidates who pursue teaching 
likely enter classrooms that vary greatly within and across schools on a 
variety of dimensions, including the characteristics of students, the cur-
riculum, the school climate, and the neighborhood climate. Each source of 
variation affects individual student achievement: taken together, they com-
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student ability 
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peers
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SchoolLeadership
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mentoring
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Figure 2-1

FIGURE 2-1  A model of the effects of teacher preparation on student achievement. 
SOURCE: Adapted from Boyd et al. (2006, p. 159).
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plicate the search for the empirical relationship between teacher education 
and student outcomes.

We note that establishing the chain of causation is a challenge not 
only in the field of education. Researchers and policy makers in medicine 
and in many other social science fields struggle to design studies that yield 
dependable results when carried out in real-world circumstances and to 
make sound decisions in the absence of a clear or complete evidentiary 
base (see, e.g., Sackett et al., 1996; Murnane and Nelson, 2007; Kilburn 
and Karoly, 2008; Leigh, 2009). Common to many fields is the challenge 
of thinking systematically about different sorts of evidence related to a 
question involving complex interactions of human behavior, which may not 
only vary in strength, but also vary in the mechanisms (or potential causes) 
about which they provide information. It is also the case that in many so-
cial science fields, as well as education, researchers have worked creatively 
to develop quasi-experimental research designs and other ways of making 
use of available data in order to examine empirical questions in complex 
real-world circumstances. Understanding of the nature of scientific evidence 
in education (and other fields) is evolving, and the diverse methodological 
backgrounds of the committee members enabled us to consider the issues 
broadly.� We considered all of these issues as we weighed different kinds of 
studies and other available resources related to teacher preparation.

Causal evidence

At the heart of many differences of opinion about the available research 
on teacher preparation (as on many topics in education) are questions 
about the strength of causal inferences to be made from it. One important 
purpose of research on teacher preparation is to provide an empirical basis 
for changes to policy and practice regarding the structure, content, and 
timing of teacher preparation, and many research methods can contribute 
to causal understanding. Causal understanding is built upon a body of 
research that usually begins with descriptive analysis and empirical efforts 
to identify correlations, and the development of competing theories of be-
havior. Refinements and adjustments are made to theoretical and empirical 

� Katz and Singer (2007) developed an approach that uses abductive reasoning to integrate 
complex sets of qualitative and quantitative evidence related to a set of competing hypotheses. 
This approach integrates the different types of evidence by considering both their relative 
empirical strength and their relevance to the different hypotheses. The result is a systematic 
account of the overall strength of the evidentiary base for each of the competing hypotheses, 
which may clearly identify the hypothesis with the strongest overall explanatory power. This 
approach was developed in the context of the literature on expert systems and has been applied 
in military intelligence, medical diagnosis, and molecular biology, among other fields, but has 
not been widely used in the social sciences (see also Singer, 2008).
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models as alternative explanations are explored. Causal understanding is 
built on a converging body of evidence that includes research designs that 
support causal inference, such as random assignment of subjects to treat-
ment and control.

Although there has rightly been much focus recently on research that 
uses random assignment and other methods that produce direct causal evi-
dence, qualitative and other quantitative methods that describe institutions, 
participants, and outcomes also provide valuable information. Descriptive 
methods (whether qualitative or quantitative) shed light on the factors and 
forces that may affect student outcomes. Correlation does not necessarily 
imply cause, but it may provide useful guidance in ruling out competing 
alternative explanations. When combined with theory, such methods con-
tribute to the identification and development of research hypotheses and 
point to methods that can identify a causal relationship between a policy 
and an outcome. In addition, descriptive analyses can provide information 
that explains the chain of behaviors that lead to various student outcomes. 
Because different methods have different strengths and weaknesses, it is 
important to seek converging evidence that draws on multiple methods. We 
expand below on the challenges of identifying causal pathways—as well as 
the strengths and weaknesses of different research methods—in the context 
of a hypothetical example about the impact of coursework on teachers of 
mathematics.

The Complexity of Analysis: An Example

Suppose policy makers are interested in understanding whether teacher 
preparation that includes rigorous mathematics coursework leads to higher 
mathematics achievement among students. There are a variety of research 
designs that could be used to explore this relationship. One would be to 
identify the teacher preparation programs in which math content is more 
rigorous than in other programs and compare the math achievement of the 
students taught by the graduates of the more rigorous program with the stu-
dents taught by the teachers who completed the less rigorous math programs. 
However, without careful statistical controls, this simple comparison may 
well yield a misleading result because the other characteristics of teachers, 
their students, and schools that influence achievement outcomes may them-
selves be correlated with teachers’ mathematics preparation.

To see how misleading results can occur, consider that parents have 
control over which schools their children attend; teachers have control 
over the schools in which they choose to work; and principals have con-
trol over the teachers they hire. Each of these choices influences which 
teachers teach which students, and there is evidence that these choices 
lead to quite different outcomes across schools in a variety of settings (see, 
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e.g., Betts, Reuben, and Danenberg, 2000; Lankford et al., 2002; Clotfel-
ter et al., 2006; Peske and Haycock, 2006). Teachers who score higher on 
measures of academic ability and teacher preparation are usually found 
in schools in which students come from more advantaged backgrounds 
and score better on achievement tests. This nonrandom sorting of teachers 
and their characteristics to students with systematically different achieve-
ment complicates the identification of the effect of preparation on student 
outcomes. Thus, one may not be able to draw valid conclusions about 
the effects of treatments from studies that do not adequately control for 
these confounding effects.

Researchers sometimes propose the inclusion of readily available mea-
sures in a statistical model to control for these kinds of differences, but this 
approach may not resolve the uncertainty. A variety of other important but 
very difficult-to-measure characteristics of students, teachers, or schools 
can also confound the understanding of teachers’ mathematics prepara-
tion. For example, parents who believe that education is very important 
to their children are likely not only to seek out schools where they believe 
their children will receive the best education, but also to provide other 
advantages that improve their children’s achievement. Teachers also make 
choices about how they approach their teaching, and those who make in-
vestments in rigorous mathematics preparation may also be more likely to 
engage in other activities (such as professional development) that support 
their students’ learning. Many teachers find it rewarding to work in schools 
where students are inquisitive and have good study skills. Principals in these 
schools will have strong applicant pools for vacancies and will hire the 
most qualified applicants. As a result, one cannot determine whether better 
prepared teachers lead to better student outcomes or whether the presence 
of students who are very likely to succeed is among the school character-
istics that attract and retain better prepared teachers. Because rigorous 
math preparation is correlated with such difficult-to-measure attributes of 
teachers, students, and schools, isolating the causal effect of rigorous math-
ematics preparation is very difficult. The difficulty may not be overcome 
even with the assistance of multiple regression models that control for a 
long list of readily available variables. This is the challenge that often leads 
researchers to turn to various other research designs.

Randomized and Quasi-Experimental Designs

The strongest case for a causal relationship can often be made when 
randomization is used to control for differences that cannot be easily mea-
sured and controlled for statistically. In the context of our example about 
the impact of the teachers’ mathematics coursework, the ideal case would 
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be to randomly assign teacher candidates to different forms of mathematics 
coursework and then to randomly assign those teachers to different schools 
and students. If such a research design were both feasible and implemented 
well, a strong evaluation of the effectiveness of rigorous math preparation 
would be possible. When assignment is truly random, any possible effects of 
variation in the treatment (e.g., in the rigor of mathematics content prepara-
tion) will be evident despite variation in all of the other possible influences 
on student achievement. That is, any observed effect of the treatment on 
the outcome could be assumed to be a result of the treatment, rather than 
of other factors that may be unmeasured but are correlated with the treat-
ment. For many research questions and contexts, random assignment ex-
perimental designs provide very strong internal validity when implemented 
well, and they are thus sometimes referred to as the “gold standard” of 
evaluation techniques.

However, randomized experimental designs have some potential short-
comings. Most significant is that such designs are not a feasible or appro-
priate research design in some education settings. To continue the example 
above, experimentally manipulating the extent of mathematics content 
preparation a teacher receives may be difficult, but it is possible. Randomly 
assigning those teachers across a wide range of student abilities may prove 
more difficult. Random assignment is also susceptible to other potentially 
confounding factors, such as when some parents respond to their percep-
tions about teacher quality by adjusting other factors, such as their own 
contribution toward student achievement. Also troubling is the challenge 
of accounting for the important individualized interactions that occur be-
tween teachers and students that lead to high student achievement. Fi-
nally, many experiments are designed tightly around a particular treatment 
and counterfactual case (that is, hypotheses about what the circumstances 
would be without the treatment). If well executed, the experiment provides 
very strong evidence for this specific question, but typically such experi-
ments have limited ability to generalize to other settings (external validity) 
(Shadish, Cook, and Campbell, 2002; Morgan and Winship, 2007). In addi-
tion, random assignment experiments are expensive and time-consuming to 
carry out, which places practical constraints on the information this method 
has been able to provide. In general, random assignment is an important 
and underused research design in education; however, its strength—possibly 
providing clearer information about causal relationships—must be weighed 
against the difficulties in carrying out and generalizing from such studies.

Other research designs, often called quasi-experimental, use observa-
tional data to capitalize on naturally occurring variation (Campbell and 
Stanley, 1963; Cook and Campbell, 1986). These methods use varying ap-
proaches to attempt to mimic the ways in which randomized designs con-
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trol the variation.� For example, a technique called regression discontinuity 
analysis, an alternative method developed for the evaluation of social pro-
grams and more recently applied to educational interventions, uses statisti-
cal procedures to correct for possible selection bias and support an estimate 
of causal impact (see, e.g., Bloom et al., 2005). Such approaches work well 
when they can convincingly rule out competing explanations for changes in 
student achievement that might otherwise be identified as an effect of the 
factor being investigated. Thus these approaches work best when research-
ers have a strong understanding of the underlying process (in this case, 
both the content of teacher preparation and the other forces that shape the 
relationship between teacher preparation and K-12 student achievement) 
and can explore the validity of competing explanations (National Research 
Council, 2002a, p. 113; Morgan and Winship, 2007). Theory and descrip-
tive analysis, including quantitative and qualitative studies, as well as the 
opinions of experts, all contribute to such an understanding.

A method that attempts to control for many alternative explanations 
and is receiving increasing attention especially in examining issues of teacher 
preparation is the value-added model of student achievement. We examine 
this method in a bit more detail.

Value-Added Models

Value-added modeling is a method for using data about changes in 
student achievement over time as a measure of the value that teachers or 
schools have added to their students’ learning. The appeal of value-added 
methods is the promise they offer of using statistical techniques to adjust for 
unmeasured differences across students. Doing so would make it possible to 
identify a measure of student learning that can be attributed to individual 
teachers and schools. This approach generally requires very large databases 
because researchers must statistically isolate the student achievement data 
from data on other student attributes that could affect achievement (such 
as the students’ prior achievement or the characteristics of their peers) to 
control for the confounding factors identified in Figure 2-1. The models 
typically include a variety of controls intended to account for many of the 
competing explanations of the link between teacher preparation and stu-
dent achievement. The recent availability of district and statewide databases 
that link teachers to their students’ achievement scores (Crowe, 2007) has 
made this analysis feasible. However, there is substantial debate in the re-
search community about this approach (Kane and Staiger, 2002; McCaffery 
et al., 2003; Rivkin, 2007; National Research Council, 2010).

� For a more detailed discussion of quasi-experimental designs, see Shadish, Cook, and 
Campbell (2002); Morgan and Winship (2007).
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There are concerns that value-added methods do not adequately dis-
entangle the role of individual teachers or their characteristics from other 
factors that influence student achievement. That is, they may not statisti-
cally control for the full range of potential confounding factors depicted in 
Figure 2-1 (Rothstein, 2009). Accurate identification of these effects is com-
plicated by the nonrandom assignment of teachers to schools and students, 
both across and within schools. In addition, there are concerns about mea-
sures of student outcomes and accurate measurement of teacher preparation 
attributes. For example, there is concern that commonly used measures of 
student achievement may assess only a portion of the knowledge and skills 
that are viewed as important for students to learn. It may also be the case 
that currently available measures of what constitutes teacher preparation 
are inadequate representations of the underlying concepts. Another concern 
is that student achievement tests developed in the context of high-stakes 
accountability goals may provide a distorted understanding of the factors 
that influence student achievement. While the tests themselves may be well 
designed, the stakes attached to their results may cause teachers to focus 
disproportionately on students who are scoring near the cut-points asso
ciated with high stakes, at the expense of students who are performing 
substantially above or below those thresholds.

All of these are important concerns that may affect the ability to draw 
inferences from the estimated model. As with any research design, value-
added models may provide convincing evidence or limited insights, depend-
ing on how well the model fits the research question and how well it is 
implemented. Value-added models may provide valuable information about 
effective teacher preparation, but not definitive conclusions, and are best 
considered together with other evidence from a variety of perspectives.

Qualitative and Descriptive Analyses

Qualitative and descriptive analyses also have much to contribute. 
Proper interpretation of the outcomes of experimental designs and the 
statistical approaches described above are dependent on the clear iden-
tification of the treatment and its faithful implementation. Theory, case 
studies, interpretive research, descriptive quantitative analysis, expert judg-
ment, interviews, and observational protocols all help to identify promising 
treatments and can provide important insights about the mechanisms by 
which a treatment may lead to improved student outcomes. For example, 
if it appears that stronger mathematics preparation for teachers is associ-
ated with improved math outcomes for students, there is good reason to 
broaden and deepen the analysis with additional descriptive evidence from 
other contexts and ultimately to develop research designs to investigate the 
potential causal links.
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As detailed in later chapters, there is more descriptive research avail-
able concerning teacher education than other forms of information. Indeed, 
many policy and program initiatives related to teacher quality and prepara-
tion have emerged in the past 20 years, and there has been a great deal of 
interest in the content and effects of teacher education. Professional societ-
ies in the academic disciplines have taken seriously their responsibility to 
offer guidance both about what students should learn and the knowledge 
and skills teachers need in order to develop that learning in their students, 
and they have drawn on both research and the intellectual traditions of 
their fields in doing so. We return in subsequent chapters to questions about 
what can be concluded from this literature, but these contributions to the 
discourse on teacher preparation have identified promising approaches and 
pointed to the mechanisms that seem likely to have the greatest influence on 
teacher quality. They also allow the field to refine testable hypotheses and 
to develop sophisticated, nuanced questions for empirical study.

CONCLUSION

Although there has been a great deal of research on teacher education 
(for summaries, see Wilson, Floden, and Ferrini-Mundy, 2001; Cochran-
Smith and Zeichner, 2005; Darling-Hammond and Bransford, 2005), few 
issues are considered settled. As a result, the field has produced many 
exciting research projects that are exploring a variety of ways of gaining 
evidence. For many questions, researchers are grappling with fundamental 
issues of theory development, formulating testable hypotheses, develop-
ing research designs to empirically test these theories, trying to collect 
the necessary data, and examining the properties of a variety of emerging 
empirical models.

Given the dynamic state of the research, we chose to examine a range of 
research designs, bearing in mind the norms of social science research, and 
to assess the accumulated evidence. Some research methods have greater 
internal or external validity than others, but each has limitations; polarized 
discussions that focus only on the strengths or weaknesses of a particular 
method have contributed little to understanding of important research ques-
tions. We concluded that the accumulated evidence from diverse methods 
applied in diverse settings would increase our confidence in any particular 
findings.

Ideally, policy makers would base policy on a body of strong empirical 
evidence that clearly converges on particular courses of action. In practice, 
policy decisions are often needed before the research has reached that state. 
Public scrutiny of deficiencies in teacher preparation has inspired many new 
program and policy initiatives that have, in turn, generated a great deal of 
information. Unfortunately, like most innovations in education, many of 
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these initiatives have not been coupled with rigorous research programs to 
collect good data on these programs, the fidelity of their implementation, 
or their effects. Thus, although policy makers may need to make decisions 
with incomplete information, the weaker the causal evidence, the more 
cautiously they should approach these decisions and the more insistent they 
should be about supporting research efforts to study policy experiments. 
We return to this point in Chapter 9 in our discussion of a proposed re-
search agenda.
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Pathways to Teaching and 
Teacher Preparation Programs

To understand how teachers are prepared, it is necessary to under-
stand not only the nature of the education they receive in formal 
programs, but also the broader pathways through which they can 

enter the profession, which generally include some kind of teaching experi-
ence. We begin our overview of these two aspects of preparation with two 
observations. First, comprehensive data on U.S. teacher preparation in 
general are scant (Corcoran et al., 2004; Corcoran, 2007; Crowe, 2007). 
Thus, many basic questions about programs and pathways were surpris-
ingly difficult to answer.

Second, although there are federal mandates related to teachers and 
their preparation—the most well known of which is the “highly qualified 
teacher” provision in the 2001 No Child Left Behind Act—states have the 
primary responsibility for policies pertaining to teachers. The states set 
standards for teachers as well as the requirements for teacher certification� 
(National Association of State Directors of Teacher Education and Cer-
tification, 2000). States are also responsible for approving or accrediting 
teacher education programs and for authorizing, sponsoring, and monitor-
ing newer pathways into teaching, often labeled “alternative” (Johnson et 
al., 2005; Feistritzer and Haar, 2008). States’ approaches to each of these 
responsibilities vary significantly, so that the options available to aspiring 

� We use the terms licensure, certification, and credentialing interchangeably because states 
are not consistent in their usage. We discuss this aspect of teacher preparation in more detail 
in Chapter 8.

Preparing Teachers: Building Evidence for Sound Policy

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/12882


34	 PREPARING TEACHERS

teachers look very different from one state to the next. This variety has 
complicated others’ efforts to collect data and conduct comparative analy-
ses, and it has also complicated our work.

We have drawn on a range of sources for our description of pathways 
and programs, and two recent major reports were particularly useful for 
this and subsequent chapters. A committee formed by the National Acad-
emy of Education was asked to articulate the knowledge base for teaching 
and to make research-based recommendations about how core knowledge 
could be incorporated into the curricula of teacher education programs and 
to develop “professional and scholarly consensus based on research about 
learning, teacher learning, and teacher education.” The resulting report 
(Darling-Hammond and Bransford, 2005)—which drew on basic research 
on learning, research on the influences of different conditions on learning, 
research on the kinds of teacher education that are associated with particu-
lar instructional practices or student learning, and research on how teachers 
learn—described what kinds of teacher knowledge and experiences appear 
to be most valuable in promoting student learning.

Another report issued in 2005 focused on the somewhat different chal-
lenge of synthesizing the research on a variety of policies and practices in 
teacher preparation programs. Developed by a committee of the American 
Educational Research Association (AERA), the study (Cochran-Smith and 
Zeichner, 2005) considered such issues as the characteristics and demo-
graphics of student populations, coursework in both the arts and sciences 
and in pedagogy, field experiences and pedagogical approaches, means of 
preparing teachers to work with diverse student populations, among others. 
The chapter authors drew on the expertise of many scholars to assess the 
research base in each area, applying a consistent set of criteria for evaluating 
the studies available, and to provide critical summaries of the findings. These 
two volumes, together with some promising new lines of research on teacher 
preparation, have begun to lay the groundwork for a research base on 
teacher education, and we have drawn on them throughout our report.�

Pathways to Teaching

We look first at teachers’ career pathways, the routes by which teacher 
candidates can obtain a license to teach. The distinction between programs 
and pathways is not precise, but in general pathways refers to broad cat-
egories of preparation, while programs are specific courses of study or 
experiences sponsored by a particular institution. There are numerous path-

� Of particular note is the Pathways Project, a collaboration among economists and teacher 
educators at the University at Albany and Stanford University: see http://www.teacherpolicy 
research.org/TeacherPathwaysProject/tabid/81/Default.aspx [September 2009].
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ways into teaching, and this has long been the case (Fraser, 2007). Many 
types of educational institutions—including normal schools and school 
districts—were offering varied teacher training programs more than 100 
years ago. The range of pathways has expanded recently, and a shorthand 
distinction has come into common usage between “traditional” and “alter-
native” pathways and programs. The former generally refers to those that 
are housed in colleges and universities and lead to a BA or an MA degree 
(and are thus sometimes referred to as “college recommending”). The latter 
is a catch-all for other pathways, particularly newer ones that have been 
designed to bring candidates who lack certain credentials into teaching.

The distinction arose in part because many of the newer pathways are 
viewed, in a political sense, as challenges to a stagnant status quo. It has 
not proved very useful, however, because there is considerable overlap in 
practice between the two categories, and there can be as much variation 
within pathways as across them (Wilson, Floden, and Ferrini-Mundy, 2001; 
Zeichner and Conklin, 2005; Humphrey, Weschler, and Hough, 2008). 
And many of the putative distinctions between alternative and traditional 
pathways are blurred at the program level. In one recent study, for example, 
aptly titled “Alternative Certification Isn’t Alternative,” the authors (Walsh 
and Jacobs, 2007) concluded that the required coursework and other edu-
cational experiences of an alternative pathway often take place in schools 
of education and are similar if not exactly the same as traditional pathways 
in many states.

Variety Within and Among States

Examples from several states illustrate the variation among states in 
their definitions of pathways and in the characteristics of their pathways. 
Pathways may vary in the way teacher candidates are selected (and in 
the rigor of the entry requirements), their intensity, and the duration of 
the training required. For example, Texas has established an Alternative 
Teacher Certification (ATC) route—a pathway that is in many ways dis-
tinct from the one that takes students through state college and university 
programs. But the ATC authorizes a variety of institutions, including school 
districts, higher education institutions, and state-run regional education 
service centers, to design and run certain certification programs. Each ATC 
program may determine its entry requirements, the duration of the training, 
and other factors (Mayer et al., 2003). Similarly, in Louisiana, the Board 
of Elementary and Secondary Education sets parameters for its approved 
alternative pathways into teaching, but the individual programs differ sub-
stantially (Noell, 2008).

New York State has defined several pathways for prospective teachers, 
as shown in Table 3-1. In practice, there is overlap among these pathways. 
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TABLE 3-1  Career Pathways for Teachers in New York State

Pathway Requirements

Undergraduate or Graduate 
College- or University-Based 
Programs

Programs require an average of 40 coursework credits 
and field experience hours, as well as independent 
student teaching (with a minimum of 32 credits 
completed prior to student teaching).

Individual Evaluations Also known as transcript review, it is designed for 
people who are changing careers, people educated 
outside the United States, and others who choose 
not to enroll in a more formal preparation program. 
The state confirms that candidates have completed 
required coursework, examinations, and experience.

Temporary License Temporary licenses, which were made available in 
response to teacher shortages, required little preservice 
preparation through September 2003. Modified 
temporary licenses, which required completion of the 
Liberal Arts and Science Test (LAST) and at least 27 
hours of coursework in the content or pedagogical 
core for the certificate subject, were available for the 
2003-2004 and 2004-2005 school years.

Transition B Certificates Created to replace temporary licenses, this requires 
candidates to be enrolled in an alternative route 
program, such as NYC Teaching Fellows, Teach 
for America, Troops to Teachers, and the Teacher 
Opportunity Program, among others. Candidates 
complete summer preservice experience, including 
coursework and field experience, before becoming 
teachers of record and must complete additional 
certification requirements within 3 years.

SOURCE: Information from Grossman et al. (2008).

For instance, a New York City Teaching Fellow would likely complete his 
or her MA degree at one of the same institutions at which aspiring teachers 
can complete a “traditional” program. Overall, the content of the course-
work and experiences a prospective teacher has may be identical or very 
similar across different pathways.

Florida also offers numerous pathways, as shown in Table 3-2. In ad-
dition to temporary certificates, which are valid for 3 years and not renew-
able, there are multiple pathways to a professional teaching certificate.

Like New York and Florida, most states now offer an array of path-
ways for teacher candidates. A database maintained by a group that advo-
cates for alternative teaching pathways, the National Center for Alternative 
Certification, shows the options available in each state (see http://www.
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teach-now.org/map.html [September 2009]). Many of the newer options 
were developed to attract new candidates in areas where there are short-
ages (see http://www.bls.gov/oco/ocos069.htm#training [September 2009]); 
others are designed to recruit candidates who might not otherwise have 
considered teaching. Some—such as Teach for America (TFA), the Ameri-
can Board for Certification of Teacher Excellence (ABCTE) Program, or 
Troops to Teachers—are national. Others are developed in states; most 
states also have reciprocity arrangements, which allow relocating teachers 
to bypass some requirements.

TABLE 3-2  Career Pathways for Teachers in Florida

Pathway Certificate Requirement Options

Graduation from Florida 
Teacher Preparation 
Program

Candidates earn a BA or MA degree in teacher 
preparation program in a Florida college or university 
and pass certification exam.

Course Analysis Candidates with a degree in a field other than education 
earn certification through approved college professional 
training or professional preparation college courses. 
Candidates must complete core education courses, 
obtain teaching experience, and pass certification exams.

Certification from Another 
State

Florida has full reciprocity with other states, recognizing 
their certification, as well as NBPTSa certification.

Graduation from an Out-of-
State Teacher Preparation 
Program

Candidates earn a BA or MA degree in a teacher 
preparation program from a college or university in 
another state and pass the Florida certification exams.

District-Level Alternative 
Certification Program

Candidates complete district-level program and pass 
Florida certification exam.

Other Candidates with a BA degree may earn certification with 
one of the following:
•	 ABCTEb passport certificate;
•	 �two semesters of full-time college teaching experience 

and passing the Florida subject certification exam in 
their field; or

•	 �a certificate from an Educator Preparation Institute, 
typically based in a community college and passing 
the Florida certification exams.

This new pathway was designed to help districts fill 
vacancies.

	 aNational Board for Professional Teaching Standards.
	 bAmerican Board for Certification of Teacher Excellence.
SOURCES: Data from Sass (2008) and Florida Department of Education (see http://www.
fldoe.org/administrators/educatorcertification.asp [April 2010]).
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Variety Within Pathways

There is considerable variation within as well as between pathways. 
College- or university-based programs, for example, can be 4 or 5 years in 
duration; they may offer a baccalaureate or master’s degree or both; they 
may include many institutional partners, both on and off campus; they 
may enroll handfuls or hundreds of prospective teachers; they may train 
elementary or middle or secondary teachers for a range of subject-matter 
teaching certificates; they have different philosophies about and approaches 
to teaching and teacher education.

Community colleges have become increasingly pivotal players in teacher 
education, as more and more prospective teachers obtain their first 2 years 
of general training at these institutions. For example, in 2006, more than 
half of the teachers graduating from traditional teacher education programs 
in Florida were transfers from community colleges (Coulter and Vandal, 
2007). In addition, some alternative programs are housed in community 
colleges, at which post-baccalaureate students who have noneducation 
degrees can enroll in 2-year programs to earn the credit hours necessary for 
teacher licensure in their state (Coulter and Vandal, 2007).

There is at least as much variety among alternative pathways (Feistritzer, 
2006; Walsh and Jacobs, 2007; Humphrey, Weschler, and Hough, 2008). In 
the 1980s, states started providing what amounted to emergency certifica-
tion to fill classroom vacancies in specific fields (e.g., mathematics or special 
education) or in types of schools (e.g., those in urban or rural locations), 
and these emergency certification routes came to be labeled “alternative.” 
Over time, however, these newer routes to certification have become a 
vehicle for state innovation in teacher credentialing—what has been called 
a “national experiment in how best to attract, prepare and train teachers” 
(Boyd et al., 2005, p. 212).

In sum, “alternative” pathways—such as the Teaching Fellows Pro-
gram, TFA, or state approaches to issuing temporary licenses—differ quite 
substantially in structure, requirements, and candidate pools (Johnson et 
al., 2005; Walsh and Jacobs, 2007). The National Center for Alternative 
Certification developed 11 classifications for these programs, covering in 
purpose, admissions criteria, and other features. For example, one category 
includes “those routes that enable a person who has some ‘special’ qualifica-
tions, such as a well-known author or Nobel Prize winner, to teach certain 
subjects,” while another includes “post-baccalaureate programs based at an 
institution of higher education” (see http://www.teach-now.org/classes.html 
[November 2009]). These classifications illustrate the range available, and, 
depending on state policy, a particular program might be labeled traditional 
in one state and alternative in another. And as noted above, many alterna-
tive programs are closely linked to postsecondary institutions: for example, 
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in New York, participants in both the Teaching Fellows and TFA programs 
complete their coursework in universities.

The Effects of Pathways

Empirical evidence has demonstrated the commonsense observation 
that all K-12 teachers are not equally effective (Sanders and Rivers, 1996; 
Aaronson, Barrow and Sander, 2003; Rockoff, 2004; Rivkin, Hanushek, 
and Kane, 2005; Kane, Rockoff, and Staiger, 2006), and so it seems reason-
able to ask whether some pathways produce better, that is, more effective, 
teachers. In particular, observers of the various teacher preparation op-
tions have wondered whether less traditional pathways yield less prepared 
teachers, or, alternatively, whether such pathways attract excellent teachers 
who would otherwise not have entered the field. But because the distinc-
tions among pathways are not distinct, high-stakes policy debates about 
the most effective ways to recruit, train, and retain high-quality teachers 
remain muddled.

To date, only a handful of studies have attempted to explore whether 
teachers prepared in “traditional” pathways are more or less effective than 
those prepared in “alternative” pathways. The evidence from this limited 
research base is mixed. Summaries of studies using a range of designs sug-
gest little to no difference between the two (Wilson, Floden, and Ferrini-
Mundy, 2001; Allen, 2003; Zeichner and Conklin, 2005), but several 
studies, including one that used a randomized control design (Glazerman, 
Meyer, and Decker, 2006), have identified small differences (Boyd et al., 
2005; Xu, Hannaway, and Taylor, 2008).

A newly released study from the National Center for Education Evalu-
ation (Constantine et al., 2009), in which students were randomly as-
signed to teachers trained through traditional or alternative routes (defined 
as those who do or do not complete all their training before they began 
teaching) also found little difference. The study reported no statistically 
significant difference in student outcomes that could be correlated with the 
type of training the teachers had received or the amount of coursework they 
had completed. The study did find that the students of teachers who were 
taking courses while teaching performed slightly less well on mathematics 
tests. The study also confirmed that there is considerable diversity within 
pathways, and the authors concluded that they could not identify aspects 
of preparation pathways that account for observed differences in teachers’ 
effects on students’ achievement.

In another study that used a randomized control design, Glazerman, 
Meyer, and Decker (2006) compared outcomes for teachers trained by TFA 
with outcomes for a control group of teachers who were not—a group that 
included teachers certified through “traditional” and other “alternative” 
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programs, as well as teachers who were not certified. They found small im-
provements in the mathematics scores for the students of TFA teachers, but 
they also found more reports of behavior and other classroom management 
problems for the TFA teachers. Their conclusion was that TFA provides 
policy makers with a useful way of recruiting teachers for hard-to-staff 
schools and does not appear to lower teacher quality in those schools. We 
note that because the control group in this study distinguished only certi-
fied and noncertified teachers, and thus mixed several types of non-TFA 
teachers—those who came through traditional and other alternative paths, 
for example—the findings are not clear. For example, the finding that TFA 
teachers had students with slightly better mathematics scores could have 
resulted from those teachers having much stronger mathematics prepara-
tion prior to their teacher training, rather than from differences between 
the TFA and other training.

Finally, there have also been a number of studies that examined possible 
differences in the effectiveness of teachers who do or do not earn master’s 
degrees. In two separate reviews and summaries of this work, Harris and 
Sass (2008) and Hanushek (2003) found little overall difference in the 
effectiveness of teachers who do and do not have this degree. Clotfelter, 
Ladd, and Vigdor (2007) conducted a study of the relative effectiveness of 
teachers with different academic credentials (including years of experience, 
test scores, certification status, and undergraduate and graduate degrees) 
in North Carolina (using statistical procedures to help overcome the fact 
that teachers are not randomly assigned to different sorts of students). 
They found that a graduate degree by itself was not predictive of higher 
achievement for students (though possession of any degree from a highly 
competitive institution was associated with greater effectiveness). However, 
the students of teachers who had stronger combinations of credentials, in-
cluding educational credentials, had higher levels of achievement.

In general, this body of work seems to be moving toward the conclu-
sion that, like the “traditional” and “alternative” designations, an MA in 
education is too broad and heterogeneous a degree category to be mean-
ingful for the purpose of making comparisons. That is, it is quite possible 
that the preparation offered in different master’s programs is very different, 
and that distinctions among them, and differing results for their graduates, 
would be obscured in analyses that treated them as a single group. The 
policy question at issue—what sorts of incentives states ought to have to 
encourage teacher candidates to pursue different sorts of credentials—is a 
pressing one. A detailed examination of the labor market for teachers was 
beyond our charge, but we discuss the tradeoffs between more stringent 
requirements and teacher supply below.

The availability of detailed state-level data on teachers and students, 
coupled with recent advances in research methodology, has enabled re-
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searchers to make some progress in identifying the extent to which various 
teacher characteristics influence learning outcomes. Value-added research, 
though not without limitations (see Chapter 2), can provide useful informa-
tion, and we had hoped that it might help to answer questions about the 
various available pathways. Thus, the committee commissioned analyses in 
New York City and Florida to examine whether the state-specific pathways 
followed by prospective elementary teachers make a difference in terms 
of their pupils’ achievement on state tests in reading and mathematics 
(Grossman et al., 2008; Sass, 2008). We also looked carefully at a similar 
analysis for Louisiana (Noell, 2008). Despite our concerns about the utility 
of the labels traditional and alternative, we believed it would be useful to 
investigate the pathways as they are defined by the states.

With slight variations related to differences in available data, the analy-
ses for the three locations used value-added models to estimate the effect of 
entering through a particular pathway on new elementary school teachers’ 
contributions to their students’ learning in reading, English/language arts, 
and mathematics. The Florida research revealed limited and inconsistent 
differences among traditional, alternative, and out-of-state pathways, de-
pending on the analysis and the subject area (English/language arts or math-
ematics). A similar analysis conducted in Louisiana showed no difference 
among teachers entering the profession through the three broad pathway 
categories (traditional, alternative, and out-of-state).

In the analysis of New York City schools, the researchers differentiated 
among the roughly half-dozen major pathways available to prospective 
teachers. This analysis found that elementary teachers with emergency li-
censes (i.e., uncertified) performed less well than traditionally trained teach-
ers in helping their students succeed on mathematics tests, and, to a lesser 
extent, on English/language arts tests. There were no significant differences 
between the “traditional” pathway and the “alternative” pathways in New 
York. These results were consistent with those from another study of New 
York City teachers (Boyd et al., 2005).

In sum, results from the three state analyses of pathway effects support 
the conclusion that the pathway a teacher takes into the field has little to no 
effect on the contribution he or she makes to student learning.

What should be inferred from these findings? Some policy analysts have 
interpreted a lack of difference among pathways to mean that traditional 
programs are ineffective or unnecessary (Hess, 2002; Feistritzer, 2007). We 
note, however, that researchers are unlikely to be able to randomly assign 
teacher candidates to preparation programs so that any observed effects are 
likely to reflect the combination of training and the initial characteristics of 
the candidates. Though there is ample room for debate on how much and 
what kind of education is best for preparing effective teachers, inferring 
that one type of preparation does or does not yield better outcomes for stu-
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dents is not warranted by the evidence. An alternative hypothesis consistent 
with these findings is that the categories that have been used—alternative 
and traditional—do not capture important differences in teacher prepara-
tion. To explore this hypothesis, different empirically testable questions 
about differences among pathways could be identified and tested in rigor-
ous future research.

In the last section of this chapter, we consider what such alternative 
distinctions might be. Before doing so, however, we examine what is known 
about the teacher preparation programs themselves, within different path-
ways, in order to consider whether their characteristics might better explain 
the variability in the quality of teacher preparation.

Programs within Pathways

The individual programs of study designed to prepare prospective K-12 
teachers that are offered by institutions are just as diverse as the many path-
ways into teaching; unfortunately, however, there are relatively few data to 
support detailed analysis (Corcoran et al., 2004; Crowe, 2007). The U.S. 
Office of Education conducted a representative survey in the 1930s; the 
next attempt to characterize these programs comprehensively did not take 
place for another 50 years (Goodlad et al., 1990; Goodlad, 1994). More 
recent data exist, but in general, what is available is disparate descriptive 
information from which it is difficult to draw a coherent picture.

Even obtaining a precise count of teacher preparation programs is com-
plicated by the lack of a precise definition of what constitutes a program.� 
For example, though most programs include both academic and classroom 
experience components, one institution may house multiple programs, and 
some programs operate in multiple institutions. At the next level, obtaining 
a quantitative picture of the features and general requirements of the pro-
grams is very difficult, and constructing a qualitative and nuanced picture 
of their content and character is nearly impossible.

The information that is available suggests that there are significant 
differences among programs. Just as states specify the pathways through 
which teachers can enter the profession, they also set policies related to 
program content, sometimes in surprising detail. Often buried in state 
administrative code, these policies take many forms. States may dictate 
minimum admissions criteria for programs or prescribe minimum credit 
hours for different types of coursework (e.g., education or pedagogy and 
subject matter), effectively setting a floor for the courses that state-approved 
teacher education programs must offer their students. States may also pro-

� Counts include 1,206 (U.S. Department of Education, 2006); 1,191 (Levine, 2006); and 
“over 1,300” (Schmidt et al., 2007).
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hibit or limit the number of courses of a particular type, effectively setting 
a ceiling for what those programs can offer.

For example, the Annual California Education Code (§44320; see 
http://www.aroundthecapitol.com/code/getcode.html?file=./edc/44001-
45000/44320-44324 [July 2009]) details the maximum number of credits 
prospective teachers are required to complete before beginning student 
teaching: “No more than nine semester units, or the equivalent, of profes-
sional education courses may be designated as prerequisites for purposes 
of admission to student teaching [except to satisfy English language re-
quirements].” The code also specifies program length by providing that “in 
each program of preparation, support, and assessment, the postsecondary 
institution shall make it possible for each candidate to complete all re-
quirements for a valid teaching credential in the equivalent of one year of 
full-time study.”�

The content of required courses is also often mandated by a state, and 
even states with few course requirements may specify the topics to which 
prospective teachers in particular majors (such as general education, liberal 
arts and sciences education, disciplinary majors, and professional prepara-
tion) should be exposed.

These sorts of requirements are most evident when state departments 
require that programs demonstrate their alignment to state standards for 
new or practicing teachers during program review or accreditation. Yet 
there is enormous variability, for just as the United States has no centralized 
definition of what constitutes a high-quality education, there is also little 
agreement on what knowledge and skills teachers ought to acquire in the 
early stages of their careers. Many states accept or model their standards 
and expectations on those of national organizations—such as NCATE (Na-
tional Council for Accreditation of Teacher Education) or TEAC (Teacher 
Education Accreditation Council)—but most states also have a set of re-
quirements for teacher certification that have accumulated across years of 
legislation and are more patchwork in nature. (Accreditation and the role 
of NCATE and TEAC are discussed in Chapter 8.)

Our primary conclusion from an examination of the information avail-
able on teacher preparation programs is that they are extremely diverse. 
Because it is so difficult to generalize about programs, we could determine 
very little about their quality. Despite states’ efforts to align the primary ele-
ments of K-12 systems to coherent standards, teacher preparation programs 
and pathways do not seem to have been brought into the fold (Cohen and 
Spillane, 1992). If one considers the situation from the perspective of an 

� One reason for these requirements may be that teacher preparation programs are squeezed 
between university requirements for general education and disciplinary studies and university 
caps for maximum credits required for undergraduate degrees.
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aspiring teacher weighing the options for preservice preparation, it is clear 
that the onus is on the aspirant to identify goals and the best avenue for 
meeting them.

Features of Teacher Preparation Programs

There may be little basis for drawing conclusions about teacher prepa-
ration programs, but there is no shortage of prescriptions as to what they 
should look like. During the 1910s and 1920s, the dean of Teachers Col-
lege, James Earl Russell, laid out a basic model curriculum for teacher 
preparation, which included: “general culture” (general knowledge), “spe-
cial scholarship” (learning across several disciplines), “professional knowl-
edge” (a systematic inquiry into the theory and practice of education), and 
“technical skills” (practical pedagogical skills) (Cremin, 1978). Teacher 
education curricula have been strongly influenced by this model, and most 
of them are still organized around some combination of general, disciplin-
ary, professional, pedagogical, and practical knowledge (Cochran-Smith 
and Fries, 2005).

For much of the 20th century and into the 21st, even more answers 
have been proposed to questions about the features teacher preparation 
programs ought to have. Wilson, Floden, and Ferrini-Mundy (2001) exam-
ined questions on the issue posed by the U.S. Department of Education, as 
did Allen (2003) on behalf of the Council of Chief State School Officers. 
The National Academy of Education’s Committee on Teacher Educa-
tion (Darling-Hammond and Bransford, 2005) and a panel of the AERA 
(Cochran-Smith and Zeichner, 2005) also sought to articulate the most 
important features of teacher preparation programs. In these reports, five 
broad domains are consistently identified as important:

1.	 program purpose,
2.	 requirements for subject-matter knowledge,
3.	 requirements for pedagogical and other professional knowledge,
4.	 field and clinical experiences, and
5.	 faculty and staff qualifications.

We discuss each of these briefly.

Program Purpose

All teacher preparation programs presumably have the goal of prepar-
ing excellent teachers, but a surprising variation is evident in their stated 
missions. For example, the mission of a teacher education program at the 
University of California at Los Angeles is to “Provide high-quality pre-
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service education and radically improve urban schooling for California’s 
racially, culturally, and linguistically diverse children” (see http://centerx.
gseis.ucla.edu/mission.php [September 2009]). At the Massachusetts Insti-
tute of Technology, teacher education is designed to recruit the next genera-
tion of mathematics and science teachers and to offer them “sophisticated 
knowledge of subject matter, high-level analytical thinking skills, abilities 
to confront and play with complex problems, and the enjoyment of grap-
pling with the surprise of unexpected outcomes” (see http://education.mit.
edu/drupal/tep/mission [September 2009]). The Mississippi Teacher Corps, 
modeled on the Peace Corps, recruits prospective teachers nationwide to 
teach in high-need schools in the Mississippi delta (see http://www.olemiss.
edu/programs/mtc/about [September 2009]), and TFA recruits prospective 
teachers committed to “eliminat[ing] educational inequity” (see http://www.
teachforamerica.org/mission/index.htm [September 2009]). This aspect of 
preparation programs is not so much a subject for empirical research as a 
factor to be considered in evaluating a program’s effectiveness in meeting 
its own goals.

Requirements for Subject-Matter Knowledge

Programs vary significantly with respect to their requirements for 
subject-matter preparation (see Chapters 5, 6, and 7). Some require that 
prospective teachers complete majors in the subject matter they will teach; 
others require that teachers take a broad array of courses (this is especially 
true in programs for elementary teachers) that roughly map onto the school 
subjects. Subject-matter courses for teachers also vary in level and rigor of 
instruction. In some universities, faculty from teacher education and disci-
plinary departments work together to align the experiences that prospective 
teachers have, and in some programs faculty coteach courses across content 
and pedagogy (Heaton and Lewis, 2002). In other cases, there is less align-
ment. Data collected by Boyd and colleagues (2008) show that 25 states 
require that secondary teachers have majored in the subject they plan to 
teach and that they pass an exam in that subject; 6 require only the major; 
and 18 require only the exam. In addition, the authors note that there is 
a good deal of variability in the requirements for a major and in what is 
required to pass the exams.

Given the lack of centralized information about teacher prepara-
tion programs, however, it is not clear how extensive the variability is 
or whether the variability is associated with differences in new teachers’ 
effectiveness. Simply documenting the range of requirements and summa-
rizing existing variations is a challenge. Thus, even questions that seem 
straightforward—such as “How many courses in mathematics do elemen-
tary and secondary teachers have to take?”—are difficult to answer. And 
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a more in-depth look at the substance of required courses is even more 
elusive.

Although there is no centralized information to draw on, the Con-
ference Board of the Mathematical Sciences (CBMS) compiles a report 
that examines the status of undergraduate mathematics and statistics in 
U.S. colleges and universities every 5 years. As part of that survey, they 
collect information from teacher preparation programs. The most recent 
survey (Conference Board of the Mathematical Sciences, 2005) shows 
that 4 percent of K-8 certification programs require no mathematics 
courses, 26 percent require one course, 37 percent require two courses, 
and 22 percent require three courses. The average number of required 
classes is just over two.

The required courses themselves vary: between 59 and 70 percent 
of programs require a two-course sequence for elementary mathematics 
majors, and between 40 and 56 percent of programs require college alge-
bra. Some programs include precalculus, an introduction to mathematical 
modeling, mathematics for the liberal arts, finite mathematics, mathematics 
history, calculus, geometry, and elementary statistics.

The Conference Board survey did not include the subject-matter re-
quirements of programs not housed in colleges or universities, and so even 
these data are incomplete. Furthermore, because the survey does not include 
data about state requirements, organizational arrangements, institutional 
commitments, or measures of graduating teachers’ knowledge, the data 
cannot be used to examine the relative effectiveness of programs in pro-
ducing high-quality teachers or the amount of subject-matter knowledge of 
graduates. Nor do the available data support analysis of the effects of state 
regulations on program quality or effectiveness.

Relatively little information about subject-matter preparation in alter-
native programs is available, though Johnson and colleagues (2005), in a 
study of such programs in three states, found that most programs had very 
limited capacity to teach subject matter. That is, the programs studied did 
not have enough faculty to cover a range of fields and levels of schooling, 
and the limited instructional time in the programs did not allow for signifi-
cant attention to subject-matter preparation.

Despite a great deal of enthusiasm about content knowledge, recent 
reviews of the literature suggest that there is very little research on teach-
ers’ content knowledge and that what does exist focuses primarily on 
mathematics and science (Wilson, Floden, and Ferrini Mundy, 2001; Allen, 
2003; Floden and Meniketti, 2005). The variability in what is mandated 
by states and taught under the umbrella of required subject-matter courses 
within and across states, pathways, and programs might account in part for 
the confusing results of research in this area (see Chapters 5-8 for further 
discussion).
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Requirements for Pedagogical and Other Professional Knowledge

Scholars of education have identified other kinds of knowledge they 
believe all teachers need, regardless of the subject or age group they teach. 
A report by the National Academy of Education (Darling-Hammond and 
Bransford, 2005) draws on professional and scholarly consensus in assert-
ing that there is a body of research that ought to influence the preparation 
of every new teacher. It identifies the core knowledge and skills that begin-
ning teachers need in eight domains, including learning, development, social 
contexts and purposes of education, and classroom management. Despite 
the existence of this sort of guidance, programs appear to vary in terms of 
how they conceptualize teachers’ professional knowledge, as distinct from 
subject-matter knowledge, as well as in the emphasis they place on different 
kinds of professional knowledge.

For example, some programs offer a generic methods class, for teach-
ers preparing for all grade levels and subject matters. Other programs 
treat pedagogical knowledge as content specific and offer subject-specific 
courses in both content and pedagogy, taking their cue from the concept of 
“pedagogical content knowledge” as a specific kind of knowledge of how to 
make subject-matter knowledge accessible to students (see Shulman, 1986). 
(Pedagogical content knowledge is discussed in subsequent chapters.)

Professional preparation typically involves a range of other kinds of 
study as well, such as history of education, educational psychology, mea-
surement and assessment, educational foundations, multiculturalism and 
diversity, theories of learning, classroom management, special education, 
and reading. Some programs offer extensive coursework in these domains; 
others offer condensed approaches. While “alternative” programs are often 
seen as requiring less coursework than “traditional” ones, there has been 
little systematic study of what is and is not actually offered in different 
programs.

To consider one alternative program, TFA has developed a summer 
preparation program that includes courses in educational theory, classroom 
management, literacy, and instructional planning and delivery. After the 
summer training, TFA corps members may take classes at local universi-
ties, where the content of their programs might be very similar to courses 
taken by prospective teachers who are entering teaching through a college-
recommending pathway. Case studies of programs in other pathways reveal 
a high degree of variability in the focus of coursework, including courses on 
pedagogy, classroom management, educational theory, and child develop-
ment (Humphrey and Wechsler, 2005).

There are many other topics that teacher preparation programs cover, 
including formative and summative assessment, the use of education 
data, teacher research, and the like. In the rest of this section we consider 
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what is known about three aspects of professional knowledge: classroom 
management and methods, teaching diverse students, and foundations of 
education.

Classroom Management and Methods

Preparing teachers to take charge of a classroom and to guide and 
manage their students is a basic responsibility for programs. As LePage and 
colleagues (2005) noted in an overview of the subject, classroom manage-
ment “encompasses many practices integral to teaching,” including “devel-
oping relationships; structuring respectful classroom communities where 
students can work productively; . . . making decisions about timing and 
other aspects of instructional planning; successfully motivating children to 
learn; and encouraging parent involvement” (p. 327). The authors further 
note that, based on surveys of teachers about their preparation, programs 
seem to have become more likely to offer formal instruction in classroom 
management over the past few decades, rather than leaving it for on-the-
job learning. The authors suggest that there are three components to learn-
ing this skill: practical experience with students (see section on Field and 
Clinical Experiences), coursework on the links between theory and practice, 
and study with teacher educators who effectively model good classroom 
management.

Research on the effectiveness of approaches to teaching classroom 
management is, however, scant. In a review of studies related to classroom 
management published over several decades, Clift and Brady (2005) found 
that the majority were short-term case studies, classroom observations, and 
other qualitative snapshots of changes in teachers’ attitudes and behaviors. 
They identified a few empirical studies, but they were not able to find an-
swers to basic questions about the effects of methods courses or whether 
it makes a difference how methods courses are structured and presented 
within the curriculum. They concluded that although methods courses 
do seem to affect teachers’ beliefs, “it is difficult to predict what effect a 
specific course or experience may have” (p. 331). They also found that the 
value of methods courses seems to be linked to opportunities to apply what 
is learned in the classroom, and they suggested that ongoing professional 
development, as well as field experience that reinforces the concepts learned 
in the classroom, foster the learning of methods.

Teaching Diverse Students

We note in Chapter 1 that teachers of all subjects and age groups can 
expect to be responsible, in the course of a career, for the learning of stu-
dents with any of a wide range of disabilities, students who need language 
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support, students whose formal education has been disrupted, and students 
from diverse cultural backgrounds with values and customs different from 
those of the majorities in their communities.

Aspiring teachers now have the option of choosing special education or 
English as a second language (ESL) as a specialty and pursuing concentrated 
studies in those areas (although becoming a specialist is not the only way to 
develop this expertise). However, the more general challenge of preparing 
all teachers to be effective with diverse student populations is increasingly 
recognized as an important goal of teacher preparation, which cuts across 
academic disciplines. We are not the first to recognize that this situation 
presents a conundrum. The sometimes stark achievement gaps among vari-
ous groups have called attention to the urgent need for greater attention 
to the educational needs of underserved groups, as well as the importance 
of preparing teachers with the knowledge and skills to work effectively 
with these students. At the same time, however, separately addressing the 
needs of particular groups, such as students with disabilities and English-
language learners, can have the paradoxical effect of further marginalizing 
them. That is, some would argue that it is not enough for a school to hire 
special education or ESL teachers or for a teacher preparation program to 
offer those subjects as specialties because all teachers ought to be prepared 
to work with the variety of students they will encounter.

In response to growing concern that teachers have not been adequately 
prepared to address the needs of diverse students, teacher preparation 
programs have begun to adapt their curricula to include this type of prepa-
ration, and researchers have begun to examine these programs and their 
effects (see, e.g., Banks et al., 2005; Hollins and Guzman, 2005; Pugach, 
2005; Rothstein-Fisch and Trumbull, 2008).

Hollins and Guzman (2005) summarized the research on preparing 
teachers to work with diverse student populations. Their principal finding 
was that despite growing recognition of the importance of this aspect of 
preparation, research on it has been thinly funded, and methodological 
challenges have not been overcome. Most of the available studies are small 
in scale and cannot provide answers to questions about how teachers might 
best be prepared. The authors found that while models for providing this 
kind of training are available, it appears that they have not been consis-
tently used and that measuring outcomes has proved difficult. Much of the 
research examines teachers’ attitudes and predispositions regarding people 
who are different from themselves and changes in their attitudes that take 
place in response to educational experiences. Research on how preparation 
can improve teachers’ effectiveness in this domain is almost nonexistent.

As part of the National Academy of Education research summary 
(Darling-Hammond and Bransford, 2005), Banks and colleagues (2005) 
developed recommendations for preparing teachers to be effective with 
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diverse populations, based on their synthesis of relevant information from 
research in several areas: development, learning, and learning differences; 
content pedagogy, assessment, and classroom management; and culture and 
its influences on learning. They identify a range of knowledge and skills that 
are valuable: self-knowledge, cultural and linguistic knowledge, culturally 
informed pedagogical knowledge, knowledge about the nature of learn-
ing differences, knowledge of teaching methods and materials suitable for 
different kinds of learning needs, and knowledge of home-school relation-
ships. They offer a variety of suggestions and models for how these goals 
might be pursued, grounded primarily in the findings of small-scale studies, 
but few of these have been adopted on a wide scale, and we do not know 
of any systematic research that has tested the proposed models.

Foundations of Education

Teacher preparation programs usually offer a range of courses that 
can be loosely categorized as covering the foundations of education, which 
include educational psychology, history of education, and sociology or phi-
losophy of education (Floden and Meniketti, 2005). In a search for studies 
of the effects of these kinds of courses, the authors found just five small-
scale studies. They note that these small-scale studies would be useful in 
evaluating the value of individual courses and for demonstrating the kinds 
of benefits such courses may have, but they cannot be used to support any 
broad conclusions.

In a study of alternative programs in three states, Johnson and col-
leagues (2005) found that the programs tended to focus on the most practi-
cal sorts of training, rather than theoretical coursework. They also found 
that the emphasis in these programs varied in part depending on whether 
they were district-based: if so they were focused on preparing teachers to 
fill vacancies in that district; if not, they were more likely to be designed 
to prepare teachers to work in a variety of settings. The locally based 
programs tended to provide targeted preparation for particular teaching 
circumstances, such as reaching underserved students.

Field and Clinical Experiences

Ensuring that novices will be able to apply the knowledge they have 
gained in a classroom to real situations is a key challenge in any field. 
Whether for a doctor learning how to insert a needle or make an incision or 
for a teacher learning what to say to a disruptive student or how to encour-
age student participation in class discussions, professional preparation must 
provide opportunities to practice new skills and apply new knowledge. Like 
every other element of teacher preparation, field experiences vary. Some 
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university-based programs place students in classrooms as early as their 
freshman year. These early opportunities often involve observing or tutor-
ing students, watching teacher or parent conferences, reading to children, 
and observing instruction (Clift and Brady, 2005).

Although the student teaching experience is viewed as a hallmark of 
many programs, and states generally require some kind of student teach-
ing for all certification programs, little systematic information is available 
about how much time aspiring teachers spend in field experiences or how 
those experiences are structured, or about differences across pathways in 
what is available or required. In a recent survey of alumni of university-
based teacher education programs, 60 percent of teachers reported that 
their student teaching experience lasted for a semester, roughly 20 percent 
reported having had a longer one, and another 20 percent reported having 
spent less than a semester (Levine, 2006).

Even less is known about field experiences in “alternative” pathways. 
In the most high profile of these, the Teaching Fellows Program and TFA, 
prospective teachers become teachers of record after one summer’s training, 
and they teach a full load of courses while simultaneously completing their 
coursework for certification. Similarly, in some district-based internship 
programs, new teachers receive a temporary license, are assigned to their 
own courses, and complete credentialing requirements through district-
sponsored courses or at local universities. A more recent option is the urban 
teacher residency program, in which prospective teachers are placed with 
mentors who support them while they gradually take on teaching responsi-
bilities and complete relevant coursework. Johnson and colleagues (2005) 
found that the alternative programs in three states had difficulty meeting 
their goals for providing students with clinical experiences. Local districts 
were not uniformly welcoming to aspiring teachers from these programs, 
and it was often difficult to match teacher candidates with placements and 
mentors that matched their schedules, credentials, and goals. The research-
ers found that locally based programs had an easier time finding suitable 
matches.

Some programs also require teacher candidates to complete a cap-
stone, or final project, which can take many forms. Some New York City 
teacher preparation programs require the development of portfolios that 
track prospective teachers’ coursework and field experience over time. 
Other capstone projects require action research, in which new teachers 
collect and analyze data from their field experiences related to a particular 
question about their practice, or teacher may complete a thesis (Boyd et 
al., 2009).

The research on the effects of field experiences with different attributes, 
such as their length, quality, or organizational structure, or accompanying 
assignments, is slim and tends to focus narrowly on specific types of experi-
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ences, such as student teaching. Even simple descriptive information about 
the nature of clinical experiences is scarce. However, data from the 31 pro-
grams included in the New York City analysis provide a detailed look at 
the field experiences required of prospective elementary school teachers in 
the college-recommending programs in the study sample (Grossman et al., 
2008). Program-level data show that the duration of fieldwork and student 
teaching typically far exceeded the state-mandated 100 hours and 40 days, 
respectively. In this study, the length of experience was not what stood out. 
Rather, the differences across and within programs in the specific attributes 
of the fieldwork were striking. For example, the programs varied in terms 
of the qualifications of the fieldwork supervisors and the frequency with 
which supervisors met with program participants.

Research on the effects of various kinds of clinical experiences is lim-
ited. Clift and Brady (2005) found a small number of studies that exam-
ined the effects of field experience on teachers’ beliefs and attitudes. The 
available research suggests that aspiring teachers find that field experiences 
reinforce the material they have learned in the classroom, and that the ex-
periences provide useful opportunities to put it into practice. In more recent 
work, researchers on the Teacher Pathways Project used a composite mea-
sure of ways in which field experiences are linked to preparation in courses 
(e.g., assessing student reading ability/achievement, studying student work 
in math, planning lessons) to examine the possible effects of this sort of 
preparation on the effectiveness of teachers once they complete their train-
ing and work in the classroom (Boyd et al., 2009). The study showed that 
a range of practice-related teacher education experiences seem to improve 
the effectiveness of beginning teachers.

The study we commissioned in New York City found that both pro-
gram oversight of student teaching and a required capstone project—two 
types of practice-based preparation that the researchers isolated in their 
analysis—were associated with gains for the students of new elementary 
teachers in both English/language arts and mathematics. These two pro-
gram features had the strongest and most consistent effect in the models es-
timated for this analysis, showing statistically and substantively significant 
effects for both first- and second-year teachers and for both subject areas 
(Grossman et al., 2008). These findings are suggestive, but more systematic 
study of field experience is needed.

Faculty and Staff Qualifications

The characteristics of the instructional staff in teacher preparation pro-
grams are likely to play a role in outcomes for aspiring teachers. We found 
that a wide range of professionals—including tenure-track faculty, adjunct 
faculty, doctoral students, and practicing and retired K-12 teachers—serve 
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as instructors in preparation programs. Again, however, as with other areas 
we studied, it is not possible to draw any conclusions from the available 
information.

It is difficult to ascertain the qualifications of the people who staff 
teacher preparation programs. According to Levine (2006), more than half 
of prospective teachers are educated in institutions identified as less selec-
tive (i.e., where faculty are not expected to be active scholars themselves). 
But many education faculty members do not work in teacher preparation 
programs—the work of colleges and schools of education includes school 
psychology, counseling psychology, and other fields—and faculty may be 
housed in different units across university and college campuses.

Faculty members in university-based teacher education programs are 
predominantly white women, with a median age of 51 years. This de-
mographic profile is similar to that of faculty in other university depart-
ments, though women are far more common on education faculties than 
elsewhere on campus, according to 2004 data from the National Study of 
Postsecondary Faculty (NSOPF) (http://nces.ed.gov/pubs2005/2005172.pdf 
[November 2009]). Fifty-one percent of education faculty members are full 
time, and of those, 36 percent are tenure-track faculty (only in the health 
sciences is there are a smaller proportion of full-time faculty having tenure). 
On average, 56 percent of college faculty are employed full time, and no 
program area has a lower proportion of its faculty working full time than 
does education. (Programs with the highest percentages of full-time faculty 
include engineering and agriculture/home economics, both with 78 percent; 
natural sciences, with 76 percent; and social sciences, with 70 percent.) The 
average annual base salary for full-time education faculty was $58,000 in 
2003, compared with $70,500 for all full-time faculty.

About one-quarter of full-time education faculty members hold the rank 
of full professor; education faculty are more likely than their peers in other 
program areas to be assistant professors (28 percent) or have ranks other 
than professor or lecturer (15 percent). Nearly 75 percent of full-time edu-
cation faculty members have doctoral degrees. Less than 5 percent of full-
time education faculty report research as their principal activity, compared 
with 15 percent across all program areas surveyed. More than 67 percent 
of full-time education faculty report teaching as their principal activity, and 
another 20 percent focus on administration, the highest among all program 
areas and nearly double the percentage across academic areas.

Very little is known about the demographic characteristics and qualifi-
cations of clinical faculty (who are typically practitioners) or the doctoral 
students who serve crucial roles as supervisors for student teachers. And 
next to nothing is known about the instructors who staff programs that 
are not university based. Since much of the coursework for participants in 
alternative program candidates is housed in schools of education, it may 
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well be that in large measure the same instructional faculty teach in the 
two pathways. In contrast, school district-based programs may be staffed 
by school district employees, and TFA alumni often serve as staff at the 
program’s summer institute.

The dearth of information on the qualifications of teacher educators 
is troubling. Ongoing work in New York City has shown limited evidence 
that specific aspects of faculty qualifications may promote teacher effec-
tiveness: researchers there found that the percent of faculty with tenure is 
positively related to student achievement in mathematics in the first year of 
teaching, but does not affect teachers in English/language arts or second-
year mathematics teachers (see Boyd et al., 2009). This finding is just one 
hint of the importance of learning much more about the qualifications of 
faculty and staff across all pathways and programs.

UNANSWERED Questions about Teacher Preparation

Perhaps because teacher preparation in the United States is a diverse 
landscape of programs that coexist within and across different pathways, 
there is little centralized information about how teachers are prepared for 
their profession. The committee can do little more than describe this varia-
tion and observe that in the last 20 years there have been many efforts to ex-
plore new ways of preparing teachers. There are a number of elements that 
are well established as accepted aspects of teacher preparation—including 
subject-matter knowledge and fieldwork—yet the implementation even of 
these relatively agreed-on features varies widely.

In terms of evidence about how these features might contribute to 
teacher effectiveness, the committee found virtually no evidence. The avail-
able research does not show stable, significant differences in the effec-
tiveness of teachers who took different pathways into the field (as those 
pathways are currently defined). Looking at characteristics of the primary 
features of programs, we found that a significant amount of qualitative and 
small-scale research suggests promising avenues for further investigation. 
For example, the research on field experience suggests that programs that 
link these experiences to theoretical study in the classroom may be more 
effective than those that do not, at least in teachers’ eyes. There is very little 
empirical evidence, however, to support recommendations that particular 
features, or ways of implementing them, should be adopted because they 
are demonstrably better.

New projects and reviews of previous research have refocused policy 
attention on the need to learn more about teacher education, yet important 
questions remain unanswered. In our view, a fresh look at research related 
to teacher preparation is in order, with four goals:

Preparing Teachers: Building Evidence for Sound Policy

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/12882


PATHWAYS TO TEACHING AND TEACHER PREPARATION PROGRAMS	 55

1.	� to determine the relative effectiveness of different pathways and 
pathway characteristics;

2.	� to determine the relative effectiveness of the components of those 
pathways and programs;

3.	� to better describe the characteristics of teacher candidates and how 
those relate to program selection and the quality of the teacher 
workforce; and

4.	 to guide both innovation and policy making.

A better understanding of the effects of different kinds of preparation 
will require a sharpened strategy for identifying meaningful distinctions 
among pathways and programs. At present, two conflicting basic prem-
ises are implicit in policy debates about how to improve teacher quality 
and preparation. One is that any well-educated person can teach without 
needing much special preparation: therefore, states should relax barriers to 
entry (such as degree or coursework requirements) so they can recruit “the 
best and brightest.” The contrary premise is that teachers need particular 
and extensive preparation, and that therefore, states should increase the 
requirements for prospective teachers to ensure that they have the neces-
sary skills and knowledge. These conflicting approaches highlight interest in 
three factors: the selectivity of preparation programs; the timing of teacher 
training—that is, the relative value of requiring teachers to complete most 
of their training before becoming a classroom teacher; and the effects of 
various components and characteristics of teacher preparation programs.

Selectivity

How academically able are the individuals who become teachers? Ques-
tions about selectivity have been around at least since George Bernard Shaw 
suggested that it is those who can’t “do” who end up as teachers. The con-
cept of selectivity is not as straightforward as it sounds, however, since pro-
grams may consider a number of factors in selecting students: in addition 
to grade point average (GPA) or other indicators of academic achievement, 
programs may consider such subjective factors as demonstrated commit-
ment to educational equity.

Several analyses of changes in academic qualifications have shown 
that, on average, entering teachers today have substantially lower academic 
qualifications (in terms of test scores and the selectivity of their under-
graduate institutions) than they did a generation ago (Corcoran, Evans, 
and Schwab, 2004; Bacolod, 2007). Yet a study of candidates who took the 
Praxis test (see Educational Testing Service, http://www.ets.org [May 2010]) 
for teachers during two time periods—1994 to 1997 and 2002 to 2005—(a 
subset of all teachers) showed that the candidates in the more recent group 
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had a stronger academic profile, in terms of SAT� scores and undergraduate 
GPA, than the earlier group had. It also showed that teachers in secondary 
schools have much stronger profiles than other teachers (Gitomer, 2007). 
Zumwalt and Craig (2005) examined the literature on indicators of teacher 
quality and note the difficulty of drawing firm conclusions about the quality 
of teacher education students, given the lack of comprehensive comparable 
data. For example, the authors point out that comparing the average SAT 
and ACT (formerly, American College Testing) scores of teacher candidates 
entering programs with those successfully completing them reveals that 
those with the lowest scores tend to drop out in greater numbers at each 
stage of the process. Thus, the comparison will look somewhat different 
depending on the stage at which it is made.

What about the selectivity of specific teacher preparation pathways and 
programs? A recent study found that among first-year teachers participating 
in the Schools and Staffing Survey conducted by the National Center for 
Education Statistics, about one-quarter of teachers received baccalaureate 
degrees from highly competitive postsecondary institutions, and about 
one-quarter received their degrees from the least competitive colleges or 
universities (Cohen-Vogel and Smith, 2007). This study included teachers 
from both university-based and other pathways. The researchers found 
no significant differences in the overall selectiveness of the programs they 
identified as traditional or alternative. Similarly, a study by the National 
Council on Evaluation Education (NCEE) (Constantine et al., 2009) found 
no significant differences between the two groups of teachers they analyzed 
in terms of their SAT (college-entry test) scores or the selectivity of the col-
leges in which they had earned their baccalaureate degrees.

Cohen-Vogel and Smith (2007) did, however, document substantial 
variation in the degree of selectivity across programs. That is, within so-
called alternative pathways, some programs were highly selective, and 
others were not. A similar variation was documented within traditional 
programs. This finding is consistent with smaller studies of minimum grade 
point average and college entrance test score requirements for admissions 
across teacher preparation programs, which also show that average require-
ments are comparable across traditional and alternative categories but that 
there is substantial variation in these measures of selectivity within catego-
ries (Leal, 2004; Walsh and Jacobs, 2007). Thus, selectivity is not clearly 
related to whether a program is labeled traditional or alternative.

For a closer look at the variation in selectivity between and within 
pathway types, the committee considered state-specific data on four mea-
sures of selectivity for the major pathways to teaching in New York and 

� Formerly known as the Scholastic Aptitude Test, it is now, formally, the SAT Reasoning 
Test.
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Florida from our commissioned studies. Grossman et al. (2008) found 
that New York teachers who entered the profession through alternative 
pathways were stronger than other teachers in terms of various academic 
measures. However, the variation within these two categories is great, so 
the traditional and alternative categories do not provide helpful distinctions 
in characterizing teacher preparation with respect to selectivity. Table 3-3 
shows the comparisons on various indicators among teachers who entered 
through different pathways.

Sass (2008) conducted a similar analysis for Florida. He noted that un-
usually high demand for new teachers in Florida may account for his finding 
that there are a large number of alternative routes, as well as a much greater 
proportion of teachers who are prepared outside of the state’s colleges 
and universities, than in other states. He found that the state’s traditional 
teacher preparation institutions vary widely in their selectivity, as shown 
in Table 3-4.

These analyses show that the nature and degree of variability on in-

TABLE 3-3  Teacher Selectivity in New York City by Pathways: 2004

Pathway

Proportion 
from Most 
Competitive 
Collegesa

Proportion 
from Least 
Competitive 
Collegesa

Proportion 
Who Passed 
General 
Knowledge 
State 
Certification 
Exam on  
First Try

Average 
SAT Scores: 
Math/Verbal

“Traditional”b 0.08 0.20 0.81 489/490
 (N = 934) 0.23 0.14 0.88 505/510

University-based 
“Alternative”c  
(N = 1,632)

0.33 0.15 0.98 550/557

Transcript Review  
(N = 256)

0.17 0.29 0.79 495/490

Temporary License  
(N = 316)

0.18 0.24 0.84 512/525

Other (N = 138) 0.21 0.16 0.92 526/532

	 aRatings from Barron’s 2009 Profiles of American Colleges College Division of Barron’s 
Educational Series (Ed.). Barron’s Profiles of American Colleges.
	 bCollege-recommending, graduate.
	 cIncluding Teach for America, Teaching Fellows, etc.
SOURCE: Adapted from Grossman et al. (2008, Table 19).
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dicators of selectivity one finds depends on the specific comparisons one 
makes. The data from New York and Florida generally show that the vari-
ability in selectivity becomes more pronounced when the comparisons are 
between specific programs rather than across broad categories, reinforcing 
our concern that research on the role of selectivity needs to probe beyond 
aggregated “traditional” and “alternative” pathway descriptors.

But the important question is whether differences in selectivity matter 
in terms of teacher effectiveness. Some scholars have argued that high stan-
dards for academic preparation (e.g., college-entrance test scores, quality 

TABLE 3-4  Teacher Selectivity in Florida, by Pathway: Teachers with 
Elementary Certification

Path of Entry 

Proportion 
from Most 
Competitive 
Colleges 
(Barron’s 
ratings)a

Proportion 
from Least 
Competitive 
Colleges 
(Barron’s 
ratings)

Proportion Who 
Passed General 
Knowledge State 
Certification 
Exam

Average 
Total 
SAT 
Score

Graduate of Florida Teacher 
Preparation Program 
(“Traditional”)  
(N = 9,716)

0.11 0.22 Math 0.57
Reading 0.76
English 0.77
Essay 0.90

929

Entry Through Any  
“Alternative” Route  
(N = 18,258)

0.12 0.20 Math 0.59
Reading 0.78
English 0.79
Essay 0.90

948

Course Analysis  
(N = 10,538)

0.15 0.19 Math 0.60
Reading 0.79
English 0.78
Essay 0.90

947

Certified in Another State  
(N = 5,111)

0.08 0.22

Graduate of an Out-of-State 
Teacher Preparation Program  
(N = 2,391)

0.45 0.24 Math 0.53
Reading 0.79
English 0.80
Essay 0.80

District Alternative  
Certification Program
(N = 196)

0.26 0.12 Math 0.81
Reading 0.94
English 0.96
Essay 0.96

985

	 aRatings from Barron’s 2009 Profiles of American Colleges College Division of Barron’s 
Educational Series (Ed.). Barron’s Profiles of American Colleges.
SOURCE: Sass (2008, Table B2).
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of undergraduate institutions, enrollment or achievement in undergraduate 
courses) are essential characteristics of good teacher preparation programs 
(e.g., Hickock, 1998; Wayne and Youngs, 2003). And some research has 
shown that there may be value in matching students and teachers by 
race, suggesting that explicitly recruiting teachers of color may be associ-
ated with teacher effectiveness (Hanushek et al., 2005). Furthermore, in 
a recent study of the relationship between teacher credentials and K-12 
student achievement in North Carolina, researchers found that the quality 
of teachers’ undergraduate institution—an indicator of general ability—is 
predictive of their students’ achievement at the high school level, as well 
as at the elementary level (though for the elementary grades the size of the 
effect is smaller) (Clotfelter, Ladd, and Vigdor, 2007). Using similar analy-
ses and measures, a study of new teachers in New York City (Boyd et al., 
2008) also found support for the idea that measures of academic selectivity 
are associated with teacher effectiveness in the classroom. Although this 
research is not conclusive, the evidence points to the potential importance 
of program selectivity as one of several important factors in the preparation 
of high-quality teachers.

Timing of Professional Education 

Programs and pathways also vary in the amount of preparation that is 
required before a candidate becomes a teacher of record (a salaried teacher 
who has full responsibility for a full schedule of classes). Preparation may 
begin as early as the freshman year of an undergraduate program or when 
a teacher candidate leaves another career to enter teaching. Some pro-
grams designate new teachers as teachers of record as soon as they enter 
the program; in other programs teachers take on the full responsibilities 
of a teacher more gradually. For example, in New York State, all teachers 
are required to earn a master’s degree before full certification, although 
the amount of preparation they have completed before receiving initial 
certification may vary. Thus, pathways appear to differ more in how much 
preparation takes place before full certification than in the total amount of 
preparation that is required.

Moreover, even programs that focus on preparation that occurs before 
candidates enter the classroom vary considerably in terms of the number of 
courses and extent of field experiences offered or required. Data compiled 
by Editorial Projects in Education (2006) for traditional programs show 
that for secondary school teachers, 6 states require an undergraduate major 
in the area of certification and 38 states have some other kind of minimum 
subject-matter degree or coursework requirements. For middle school certi-
fication, 3 states require a major, and 12 states require some other minimum 
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degree or coursework requirement. A total of 35 states require a minimum 
amount of clinical experiences prior to initial certification.

In contrast, most alternative programs allow prospective teachers who 
have a bachelor’s degree but have not taken any teacher education courses 
to begin as teachers of record after some abbreviated preparation. Few 
states have minimum requirements for the quantity of preparation in these 
programs, but 27 states do have subject-matter degree or coursework re-
quirements for teachers who go through these pathways, and 28 specify a 
minimum duration of preservice training. These requirements vary consid-
erably: some states require 1 week, and others require 12 credit hours; 16 
states require practice teaching (Editorial Projects in Education, 2006).

Disentangling quantity and quality is not easy. One cannot presume 
that the amount of initial professional preparation is related to the quality 
of that preparation, though it seems likely that there is an optimal range 
below which teachers might be significantly unprepared and above which 
there may be diminishing returns. However, this is another area in which 
documentation and investigation of the effects of differences would be 
valuable.

Content and Characteristics of Teacher Preparation

As noted above, programs and pathways also differ in the quality and 
quantity of the material that new teachers are expected to master in order 
to be fully credentialed, regardless of when the preparation takes place. For 
example, in Florida all of the different initial preparation pathways lead to 
full certification, and thus there are substantial differences in the intensity 
of formal preparation teachers have received at the time they earn full cer-
tification. The Florida teacher candidates who choose the (relatively new) 
ABCTE pathway are typically granted their permanent license after 6-10 
months of individually paced work, with no formal coursework required. 
Constantine and her colleagues (2009) examined the content and quantity 
of coursework for several areas (e.g., mathematics or reading pedagogy and 
fieldwork) and found no significant relationship between their measures 
and achievement outcomes for students. We discuss the content of teacher 
preparation programs in greater detail in Chapters 5-7.

Tradeoffs Between Selectivity and Intensity

The reason for exploring the issues above is to shed light on questions 
about how selective programs should be and how they should structure 
and design their requirements. These are largely empirical questions that 
have yet to be carefully addressed by research. Yet states are faced with 
the challenge of filling teacher vacancies each year (producing the quantity 
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of teachers needed) while ensuring that those hired are effective in the 
classroom (producing the quality of teachers needed). Policy proposals to 
address these dual concerns are often viewed as working at cross purposes. 
If states raise the bar for entry into K-12 teaching, with the goal of raising 
the level of quality (e.g., by requiring specific degrees, majors, minors, or 
coursework), they may exacerbate teacher shortages. If states are less selec-
tive, they may be hiring ineffective teachers.

This tradeoff relates to the classic tension, noted above, about whether 
teachers are born or made. Raising licensure requirements is a strategy 
grounded in the assumption that teachers need specific professional prepa-
ration prior to teaching. In contrast, opening the profession through the 
approval of early-entry pathways is a strategy grounded in the assumption 
that teachers are born: if they are generically academically able, on-the-job 
professional development can fill in any gaps in preparation.

In economic terms, preparation is a cost to individuals considering 
teaching as a career.� Thus, it is entirely possible that raising entry require-
ments could dissuade some individuals from entering teaching. If this hap-
pens, and the ability of the teacher pool remains unchanged, school districts 
will have fewer individuals to choose from to fill vacancies and will be 
forced to hire less qualified candidates.

It is more likely, however, that raising preservice preparation require-
ments would have two effects: some individuals would choose not to seek a 
career in teaching, but the effectiveness of those who did would be greater 
than it would otherwise be. If so, the effect on the average quality of teach-
ers is hard to predict, though it is likely that the quality of teachers would 
have distributional consequences. In other words, some schools would be 
able to hire better teachers than they otherwise would have, while other 
schools (most likely those with less desirable working conditions) would 
be forced to hire less qualified teachers. Ultimately, the question turns on 
whether the potential benefits of high-intensity preservice requirements ex-
ceed the potential costs of discouraging promising teacher candidates.

As we note in Chapter 1, teaching is one of the nation’s largest occupa-
tions for college-educated workers, and there are considerable challenges 
associated with preparing a high-quality workforce of this size. At present, 
many teachers are not paid well in comparison with workers in comparable 
fields, and teaching is not a high-status occupation. Given the size of the 
teaching force, it is likely that there is no one best pathway to high-quality 
preparation for teachers. What is clear, however, is the importance of de-
veloping more comprehensive data on which to base recommendations for 
the composition of teacher education programs and pathways.

� Though it is worth noting that the preparation is likely to yield benefits even for individuals 
who do not become employed as teachers.
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CONCLUSION

Issues concerning teacher preparation and its effectiveness have re-
ceived a perhaps unprecedented wave of attention for the past 10 years. 
Several important reports have emerged, including one summarizing the 
empirical research on various aspect of teacher education (Cochran-Smith 
and Zeichner, 2005) and one summarizing the relevance of research on 
teaching and learning to the preparation of teachers (Darling-Hammond 
and Bransford, 2005). In addition, a growing number of studies have ad-
dressed the relative effectiveness of various forms of preparation.

These efforts have certainly helped clarify what is and is not known 
about teacher education, and they have also made clear that there are no de-
finitive answers to even the most basic questions. More work is needed—to 
develop a clearer picture both of how teachers are prepared and of which 
aspects of their preparation have the greatest effects on the quality of the 
teaching force. Chapter 9 presents the framework we propose for structur-
ing this work.

Until that research is done and its findings known, teacher educa-
tors will continue to rely on their best judgment and whatever research is 
available, and the 200,000 new teachers who enter the field each year will 
quickly find out what they know and what they would like to know. The 
absence of clear evidence to answer basic and important questions is not 
a reason to question every operating assumption that now guides teacher 
preparation.

The research that has been done generally seems to reinforce what 
might be described as commonsense thinking. For example, there is some 
evidence that fieldwork (classroom teaching) that is designed to link to 
and reinforce the theoretical material aspiring teachers have learned in the 
classroom is more effective than fieldwork that is not. There is not, how-
ever, empirical support for firm recommendations about when the fieldwork 
should take place in the course of preparation, how long it should last, or 
what it should encompass. So the recommendation we could safely make 
would be to design the fieldwork thoughtfully—hardly a momentous con-
tribution to policy discourse.

Nevertheless, while the field awaits further empirical study of the ef-
fects of different approaches, we believe that teacher preparation programs 
can benefit from learning about promising innovations and can look to the 
available evidence, case studies, and other literature for guidance. And we 
highlight the importance of research that can provide answers to the many 
pressing questions about teacher preparation.

Conclusion 3-1: There is currently little definitive evidence that particu-
lar approaches to teacher preparation yield teachers whose students are 
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more successful than others: such research is badly needed. We believe 
that the highest priority research would be studies that examine three 
critical topics in relation to their ultimate effect on student learning:

	 1.	�comparisons of programs and pathways in terms of their se-
lectivity; their timing (whether teachers complete most of their 
training before or after becoming a classroom teacher); and 
their specific components and characteristics (i.e., instruction in 
subject matter, field experiences);

	 2.	�the effectiveness of various approaches to preparing teachers in 
classroom management and teaching diverse learners; and

	 3.	�the influence of aspects of program structure, such as the design 
and timing of field experiences and the integration of teacher 
preparation coursework with coursework in other university 
departments.
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4

Preparing Teachers for All Fields

In this and the next three chapters, we turn to the third question in our 
charge: To what extent are the ways that teachers are currently being 
prepared in three key subjects—reading, mathematics, and science—

consistent with converging scientific evidence about how they should be 
prepared?

We began with an effort to develop a clear picture of what the converg-
ing scientific evidence shows. That is, we hoped to find in the literature on 
teaching and learning mathematics, reading, and science some guidance as 
to what sorts of indicators would be most useful in assessing the quality 
of teacher preparation in each field. To do this, we broke the question into 
four parts:�

1.	 What do successful students know about the subject?
2.	� What instructional opportunities are necessary to support success-

ful students?
3.	� What do successful teachers know about the subject and how to 

teach it?
4.	� What instructional opportunities are necessary to prepare success-

ful teachers?

� Others have used similar frameworks to consider these questions, most recently, Darling-
Hammond and Bransford (2005).
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We address these questions for each subject in turn, and we also ex-
amine what is known about how teachers are currently prepared in each 
of these fields. Chapters 5 through 7 describe our findings for reading, 
mathematics, and science, respectively. However, a number of issues apply 
across these (and other) subjects, and this chapter discusses these first as 
grounding for the discipline-specific discussions.

The first part of this chapter looks at the research on the role of content 
knowledge in teaching that is relevant across disciplines. The second part 
of the chapter discusses several key issues that complicate an examination 
of preparing teachers in specific subject areas.

subject-matter preparation

Common sense suggests that one cannot teach what one does not know. 
Yet even a wonderfully prepared teacher cannot know everything that is 
relevant to the material he or she teaches in a given year. Given the practical 
limitations on the amount of preparation any teacher can reasonably ac-
quire before entering the field, we looked for evidence about the knowledge 
and skills that are most valuable and should be given the highest priority in 
teacher preparation programs.

Teaching and Learning

We looked first to research on learning and cognition for insights about 
how specific material is learned and might best be taught. This field has 
blossomed in the last few decades as technological advances have expanded 
researchers’ tools for studying the way people think and learn, which in 
turn have offered valuable resources for the study of education. How Peo-
ple Learn (National Research Council, 2000a) summarizes this work and 
offers several points that are particularly relevant to teacher preparation. 
The book describes findings that have emerged from the increasingly multi-
disciplinary approach to investigating thinking and learning. The science of 
learning has been expanded by new methods for testing hypotheses about 
mental functioning (including sophisticated brain imaging technology), as 
well as strategies for integrating insights from anthropology, linguistics, 
developmental psychology, neuroscience, and other fields in order to de-
velop richer models of the role of social and cultural contexts in learning. 
Although this field is still evolving, it has provided a detailed picture of 
aspects of cognition and learning (such as memory and the structure of 
knowledge), problem solving and reasoning, and metacognition, all of 
which have implications for education.� Much of the research in this field 

� The first chapter of How People Learn provides a detailed discussion of the development 
of the science of learning and the research on which it is based.
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is of a different nature from the empirical research on questions about edu-
cation policy and practice, but it has influenced the research we examined 
on teaching and learning in the three content areas. Although the connec-
tions between this literature and teacher preparation are more logical than 
empirical, we believe this knowledge base is an important foundation for 
thinking about the extent to which teacher preparation is “consistent with 
convergent scientific evidence,” as our charge directed.

Most of the cognitive research has focused on student learning, rather 
than on teaching or teachers’ learning. How People Learn concludes that 
“To develop competence in an area of inquiry, students must: (a) have 
a deep foundation of factual knowledge, (b) understand facts and ideas 
in the context of a conceptual framework, and (c) organize knowledge in 
ways that facilitate retrieval and application” (National Research Council, 
2000a, p. 16). The small body of work that focuses on teaching helps to 
support logical inferences about teaching in a manner consistent with this 
model of learning. First, How People Learn describes the critical distinc-
tion between novices and experts in any context and how the development 
of expertise is gradual. With continued learning in any field—chess, auto 
mechanics, mathematics, or English literature, for example—individuals 
gradually accumulate “extensive knowledge that affects what they notice 
and how they organize, represent, and interpret information” and this ac-
cumulation, in turn, “affects their ability to remember, reason, and solve 
problems” (National Research Council, 2000a, p. 19). Thus, teachers do 
not have to be experts in every field of knowledge they teach, in the 
sense that it is not necessary, for example, to have a Ph.D. in physics to 
teach secondary-level physics effectively or to have spent decades studying 
Shakespeare’s plays to teach them effectively to middle school students. The 
report summarizes the implications for teachers of its conclusions about 
learning this way (p. 20):

Teachers must come to teaching with the experience of in-depth study 
of the subject area themselves. Before a teacher can develop powerful 
pedagogical tools, he or she must be familiar with the progress of inquiry 
and the terms of discourse in the discipline, as well as understand the re-
lationship between information and the concepts that help organize that 
information in the discipline. But equally important, the teacher must 
have a grasp of the growth and development of students’ thinking about 
these concepts.

How Students Learn (National Research Council, 2005) applies the 
findings in How People Learn to strategies for science, mathematics, and 
history classrooms. This report was designed to provide examples to il-
lustrate the practical implications of the science of learning in particular 
contexts, and relies on both research and practice. Experts do not just know 
more facts in a given area than nonexperts know (in any specific field), they 
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also have a framework for understanding and applying what they know. 
How Students Learn describes the essential linkage between factual knowl-
edge and conceptual frameworks, termed learning with understanding, in 
this way: “competent performance is built on neither factual nor conceptual 
understanding alone; the concepts take on meaning in the knowledge-rich 
contexts in which they are applied” (p. 6). Learning with understanding 
takes time, and is a cumulative process.

This work suggests that content knowledge, defined as a body of con-
ceptual and factual knowledge, is an essential basis for effective teaching 
in a given field. But, as How People Learn points out, having expertise, 
or deep content knowledge, is not a sufficient foundation by itself for 
effective teaching. To foster learning, teachers draw on understanding 
of how knowledge develops in a particular domain. They also rely on 
understanding of the kinds of difficulties students typically have as their 
learning progresses and of how to build on students’ gradually accumu-
lating knowledge and understanding. This kind of knowledge is called 
pedagogical content knowledge. Teachers constantly weave this kind of 
knowledge with their regular content knowledge in making countless judg-
ments about how to proceed in the classroom (see, e.g., Shulman, 1987; 
Grossman, 1990).

There is a critical distinction between pedagogical content knowledge 
and the advanced content knowledge that one would develop by taking 
upper-level courses in a subject, and thus it is important to be clear that 
aspiring teachers cannot develop pedagogical content knowledge simply by 
taking additional courses in their field, even though a thorough grounding 
in university-level study for a particular field of learning is an important 
prerequisite. Much recent research has attempted to disentangle the differ-
ent kinds of knowledge that teachers have. Particularly in the context of 
mathematics and science, researchers have paid considerable attention to 
content knowledge for teachers, including pedagogical content knowledge, 
and we discuss this research in Chapters 6 and 7.

Coursework

Another body of research has examined the effects of different kinds of 
coursework offered in preparation programs on teachers’ practice and out-
comes for students. Darling-Hammond and her colleagues (2005) report a 
basic relationship between “teacher effectiveness and the quantity of train-
ing teachers have received in subject matter and content-specific teaching 
methods” (p. 395). However, these studies did not examine the nature of 
the preparation and thus offer little guidance as to what aspects of it have 
value or precisely how they increase teachers’ effectiveness. They also do 
not provide clear answers to questions about how much coursework would 
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be valuable in particular areas. The authors describe other, smaller-scale 
studies that suggest that teacher preparation that focuses on how students 
learn particular content and ways of helping them develop deeper concep-
tual understanding have concrete benefits.

Wilson, Floden, and Ferrini-Mundy (2001) also reviewed the litera-
ture on content preparation—focusing only on studies that had been pub-
lished in peer-reviewed journals—and provided detailed descriptions of 
their methods. They concluded that although it is clear that subject matter 
is important, the limited research base does not permit more specific con-
clusions. Some research on elementary teachers has documented gaps in 
elementary teachers’ understanding of mathematics. Other research (which 
consisted of small-scale descriptive studies and correlational studies using 
larger datasets) did not distinguish precisely what makes some kinds of 
coursework more effective than others. The authors also concluded that 
proxies for teacher knowledge, such as grade point averages or comple-
tion of a major or minor in a subject, are not precise enough to capture 
the potentially important differences in teachers’ preparation. The authors 
thus stress that simply requiring that prospective teachers major in a sub-
ject or take a certain number of courses is not likely to result in material 
improvements in teacher quality, partly because they found little evidence 
of correlation between pedagogical content knowledge and, for example, 
the number of mathematics courses taken.

Constantine and colleagues (2009) examined course-taking patterns 
for aspiring teachers in both alternative and traditional pathways and con-
firmed that the amount of coursework in all subjects taken varies dramati-
cally between pathways and also that that there is considerable variation 
within both pathways.

Similarly, Wilson and her colleagues (2001) found that although there 
is support for the assertion that preparation in pedagogy (e.g., courses in 
instructional methods, learning theories, foundations of education, and 
classroom management) improves both teachers’ practice and outcomes 
for students, the research has not yet made clear what specific elements 
yield results. The authors also examined questions about field experiences, 
which, though very different from coursework, can play a role in content 
preparation. Most of what they found was research on teachers’ attitudes, 
showing that teachers view them as very valuable aspects of their prepara-
tion. Field experiences are planned with a variety of goals, which include 
shaping teachers’ attitudes and expectations of their students, helping them 
to build classroom management skills, and providing opportunities to 
apply what they have learned in their courses (the goal most relevant to 
content preparation). As we discuss in Chapter 3, research has not shown 
that particular sorts of fieldwork are essential aspects of subject-matter 
preparation.
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Floden and Meniketti (2005) summarize empirical research published 
in peer-reviewed journals since 1990 that focuses on the effects of course-
work in particular content areas, in general arts and sciences, and in the 
foundations of education. They caution that the empirical base is surpris-
ingly thin and that the bulk of the available research addresses secondary 
school mathematics. Empirical support is only clear for the general propo-
sition that prospective mathematics teachers should take at least enough 
undergraduate mathematics to develop a sound (more than mechanical) 
grounding in the field. Moreover, some research supports the counterintui-
tive finding that there may be diminishing returns to study that goes beyond 
a certain number of courses, at least for elementary mathematics teachers 
(e.g., Monk, 1994).

Floden and Meniketti (2005) call attention to the many questions raised 
by this body of work, describing the limitations in the amount of empirical 
research as “sobering” (p. 282). They note for example, that studies that 
evaluated the effects of particular coursework did not take into account the 
differences among prospective teachers as they began the preparation pro-
grams and that few could control for selection bias in the way teachers were 
distributed among different programs. Similarly, the few available studies 
of the effects of general undergraduate arts and sciences coursework seem 
to support only general conclusions about the value of developing subject-
matter knowledge and general cognitive skills. An even scantier body of 
work on coursework in the foundations of education suggests promising 
practices rather than providing the basis for broad conclusions. We discuss 
below reasons why research has not provided firmer answers to questions 
about subject-matter preparation.

Grossman, Schoenfeld, and Lee (2005) examined the pedagogical 
content knowledge of teachers of mathematics and English/language arts, 
drawing on research and professional consensus. They provide examples to 
illustrate the ways teachers use pedagogical content knowledge in lessons 
and discuss the implications of the available research for the curricula of 
teacher education programs. They particularly emphasize that prospective 
teachers should develop the tools to continue their own learning in the 
discipline they will teach and that they should be prepared to learn from 
experience as they progress in their careers. The authors argue that a foun-
dational understanding of the ways student learn the subject matter is a 
key tool for doing both.

evaluation and research CHALLENGES

The research on learning provides not only support for the basic propo-
sition that teachers benefit from substantial study in their fields, but also a 
sophisticated model for thinking about what it takes to teach subject matter 
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well. This research, coupled with the more limited findings from research on 
the effects of particular types of coursework, however, provides only broad 
guidance to those who plan or oversee the curricula of teacher preparation 
programs. It is likely to be difficult to translate what is known into indica-
tors that could readily be used in evaluating teacher preparation programs 
or in a large-scale effort to collect data about how well such programs are 
putting research findings into practice.

One challenge for those responsible for teacher preparation curricula is 
that reasonable people may disagree about what it means to be proficient 
in a subject. Scholars in each discipline make this sort of decision when 
they design courses of study, but the variation across institutions regarding 
requirements for majoring in a particular subject, for example, demonstrate 
wide diversity of opinion. States’ content and performance standards for 
K-12 students are often the starting point for discussions of what teachers 
ought to know, yet to ground expectations for teachers in student standards 
would mean accepting a limiting and limited view of what teachers do.

Establishing research-based recommendations for the quantity of 
coursework would pose a challenge as well. The number of courses a pro-
spective teacher has taken in, say, mathematics is a very crude proxy for 
the amount of mathematical knowledge he or she has; moreover, as noted 
above, it has no clear relationship to the development of pedagogical con-
tent knowledge. In addition, teachers often have multiple areas of teaching 
responsibility and may not know what assignments they will have in the 
future. Science teachers, in particular, may be expected to teach biology, 
physics, earth science, or general science—and many aspiring teachers may 
consider it prudent to try to become qualified in a range of fields.

Grossman, Schoenfeld, and Lee (2005) discuss the complications of 
determining what sorts of content knowledge and pedagogical content 
knowledge elementary teachers need. They argue that prospective elemen-
tary teachers have just as great a need for both strong liberal arts prepa-
ration and the opportunity to develop expertise and pedagogical content 
knowledge in a particular subject matter, as do teachers of older students. 
Acknowledging that prescriptions in this area are based on logical infer-
ence and experience rather than empirical research, the authors assert that 
although all prospective elementary teachers should be well prepared for 
both mathematics and reading instruction, if they also have the option 
of specializing in other areas, such as science, social studies, or art, there 
would be benefits for teachers, students, and schools.

Another challenge for anyone wishing to make firm recommendations 
about teacher preparation is that, as we discuss in Chapter 3, the people 
who enter teacher preparation programs are highly varied in terms of their 
academic skills and preparation, as well as their goals. They include very 
bright and highly motivated students with strong academic preparation, 
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and they also include students who are unsure about how interested they 
are in teaching and students with weaknesses in their academic prepara-
tion. Students with interest and capacity in some subject areas, particularly 
mathematics and science, are in relatively short supply. Because the demand 
for new teachers is so great, it is difficult for teacher preparation programs 
to exclude candidates whom they recognize have weaknesses in their aca-
demic preparation. The presence of these students, however, creates an 
extra burden for programs because the programs must address whatever 
deficiencies these students have while also preparing them to succeed as 
teachers. The necessary remediation is also costly in terms of both time 
and financial resources.

As detailed above, the empirical support for the proposition that strong 
subject-matter preparation is crucial for teachers is limited and inconsistent. 
Two factors account for this limitation: the inadequacy of available proxy 
measures of the subject-matter knowledge needed for teaching and the 
very limited resources that have been invested in high-quality, large-scale 
research.

We discuss the need for more large-scale research in Chapter 9. On 
the question of how one might measure teachers’ knowledge and skills 
for research purposes, we offer several observations. A number of studies 
have shown weak relationships between the number of courses taken or 
the degree earned by a prospective teacher and the value that teacher adds 
to his or her students’ achievement on standardized tests. We believe that 
this sort of research provides only very provisional answers to questions 
about the value of courses or degrees because standardized tests of stu-
dent achievement were not designed to support inferences about teachers’ 
effectiveness.

Many assessments of students’ knowledge and skills place the most 
emphasis on the kinds of outcomes that are relatively easy to measure at 
the expense of other, perhaps more important, content. The challenge of 
accurately assessing both complex subject matter and skills and variations 
in how students progress make it difficult for researchers to measure links 
between teachers’ preparation and the performance of their students (see 
Chapter 2).

One issue with studies that assess teacher effectiveness using student 
achievement scores is that the relationship they examine is what statisti-
cians call distal—that is, a significant amount of time lapses between under-
graduate course-taking and the teaching that might be expected to influence 
students’ test performance. Numerous intervening influences may affect a 
teacher as he or she progresses through a program and into a classroom, 
which makes it exceedingly difficult to identify the effect of a single influ-
ence, such as subject-matter coursework. Another issue is that the available 
research generally does not distinguish among teachers’ preparation that 
may vary dramatically. Considering these difficulties, the positive links that 
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have been found are remarkable—and offer hope that better data will yield 
insights into what makes a difference and how best to prepare teachers.

Several recent studies of the effects of teachers’ subject-matter knowl-
edge on student achievement gains and other outcomes have identified new 
measures in reading (Phelps and Schilling, 2004) and mathematics (Hill, 
Schilling, and Ball, 2004). A study using the new mathematics measures 
found a positive relationship between teachers’ mathematical knowledge 
and students’ achievement (Hill, Rowan, and Ball, 2005). (This work is 
discussed in Chapter 6.) These and other studies may help the field de-
velop more explicit ideas of what it means to acquire strong subject-matter 
knowledge, how to measure that knowledge, and how to design teacher 
preparation experiences to promote acquisition of that knowledge.�

CONCLUSION

On the basis of the limited available research related to content prepa-
ration, there are the beginnings of answers to our four questions regarding 
what students and teachers need to know and what learning opportuni-
ties they need. The research on thinking and learning has identified two 
elements as key to the capacity to teach in a way that fosters the kind of 
learning described above:

•	 �subject-matter expertise that encompasses a deep foundation of 
factual knowledge, understanding of how that knowledge fits in the 
conceptual framework of the field of study, and an internal organi-
zation of that knowledge that facilitates retrieval and application 
of his or her knowledge; and

•	 �pedagogical content knowledge in a given subject-matter field, 
that is, an understanding of how students’ learning develops in 
that field, the kinds of misconceptions students may develop, and 
strategies for addressing students’ evolving needs.

The specific type and degree of knowledge and skills will likely vary 
both by subject and by the age group a teacher is preparing to teach, as we 
discuss in Chapters 5-7. For example, elementary school teachers would 
likely focus less on developing expertise and pedagogical content knowledge 
in a single field than would teachers who will specialize in a one field. Nev-
ertheless, these three types of knowledge are important for all teachers.

� These ideas have important implications for the way states certify teachers. Certification 
requirements often focus on counts of course credits in particular subject areas, without regard 
for the actual content of the courses. Most states have abandoned a generic science certifica-
tion, for example, recognizing that certification by field (e.g., biology or chemistry) would 
be more useful. Some states (such as Pennsylvania) have also begun to rethink elementary 
certification to allow more specialization.
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5

Preparing Reading Teachers

Teaching reading well is far more complicated than it might seem to 
a casual observer. Reading is a skill that can be developed by some 
learners regardless of the quality of instruction they receive, and 

an able and well-prepared child can make the experience of learning to 
read look fairly effortless. What casual observers may miss is the extent 
of knowledge and preparation a skillful teacher brings to a classroom that 
may include students with a range of impediments to learning to read. 
Successful reading teachers—and we include both teachers of elementary 
students in the early stages of reading, and teachers of older students who 
are struggling with reading—understand how students learn to read and 
how to provide the support they need.

Yet this description hardly captures the complexity of preparing stu-
dents to flourish in the workplace and in a society that requires high-level 
uses of text. Teachers of reading are called on to prepare students to in-
terpret complex ideas, critically analyze arguments, synthesize information 
from multiple sources, and use reading to build their knowledge. When 
literacy is measured by these criteria, the literacy crisis in the United States 
is evident.

According to the most recent “reading report card” for the nation (Lee, 
Grigg, and Donahue, 2007), 67 percent of 4th graders and 74 percent of 
8th graders are scoring at minimal levels of reading competency. There has 
been no significant improvement in reading achievement at grades 8 and 
12 since 1992, and the achievement gaps for historically underperforming 
subgroups have not been reduced (Grigg, Donahue, and Dion, 2007; Lee, 
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Grigg, and Donahue, 2007). Furthermore, 4th- and 8th-grade students 
who are English-language learners scored 36 and 42 standard-scale points, 
respectively, below the performance of native speakers of English in 2007 
(Lee, Grigg, and Donahue, 2007).

In this chapter we first briefly discuss the general state of research on 
reading. The next four sections address the four questions presented in 
Chapter 4 as applied to reading:

 
1.	� What are students expected to know and be able to do to be suc-

cessful readers?
2.	� What instructional opportunities are necessary to support success-

ful students?
3.	� What do successful teachers know about reading and how to teach 

reading?
4.	� What instructional opportunities are necessary to prepare success-

ful teachers?

We then turn to what is known about how teachers are currently being 
prepared to teach reading, and we close with our conclusions.

THE RESEARCH BASE

The available research that relates specifically to the preparation of 
reading teachers is relatively sparse, but we identified a range of materials 
that shed light on our questions about what preparation for reading teach-
ers ought to entail and on what reading programs currently require. The 
overwhelming majority of the research we found on reading education con-
cerns two topics: the process of learning to read and strategies for teaching 
the elements of fluent, accurate reading, and for addressing problems that 
can delay the development of reading skills.

The study of reading has followed a variety of pathways in the course 
of a long history (Venezky, 1984). As the practical necessity and prevalence 
of literacy have grown, scholars from a range of fields—including linguis-
tics, neuroscience, and cognitive and developmental psychology, as well as 
sociology and history—have explored questions about how people learn 
to read, reading difficulties, and other questions pertaining to literacy. Yet 
there are now so many publications on teaching reading, from so many 
sources, that there is a certain amount of fog around the question of how 
much of the guidance is based on research.

The National Reading Panel identified approximately 100,000 research 
studies published between 1966 and the late 1990s (National Institute of 
Child Health and Human Development, 2000). These publications include 
summary documents that synthesize many research threads, consensus 
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documents, position papers, and standards documents, as well as published 
research articles. The research itself draws on a variety of methodologi-
cal approaches, including correlational studies that identify connections 
between particular practices and student outcomes as well as experimental 
and quasi-experimental studies that use controls to assess the effects of 
instruction. The “reading wars,” which were based on differences between 
proponents of the whole-language and phonics-based approaches to teach-
ing reading to young children, illustrate how easily questions about literacy 
and reading have been politicized (Lemann, 1997). Thus, sorting through 
all of the research and other publications about reading is a major task.

For our work, we were fortunate to have three influential publications 
that have summarized this work, by the National Research Council (NRC) 
(1998), the National Reading Panel (NRP) of the National Institute of Child 
Health and Human Development (2000), and the International Reading As-
sociation (2007). We have relied particularly on these documents because 
their authors are groups that represent the leading scholars in the field and 
because the authors established rigorous criteria for their reviews of the lit-
erature. However, we also consulted a number of other documents that sum-
marize and reflect prominent theoretical stances and positions in the field.

There is a strong, empirically based consensus about our first two 
questions: what students are expected to know and be able to do to be 
successful readers at different stages and what kinds of instructional op-
portunities support the development of successful readers. For our third 
question, what successful teachers know about reading, there is a growing 
consensus, though one less well supported by empirical evidence. And for 
our fourth question, what preparation helps teachers become successful at 
teaching reading, we found very little evidence. We also found compara-
tively little evidence on the current preparation of reading teachers, though 
studies of specific jurisdictions and a small number of other studies provide 
some insights.

QUESTION 1: What ARE Students expected to know 
and be able to do to be successful READers?

Reading, a skill relevant and necessary in every field of academic study 
and in most other aspects of life, is somewhat different from other school 
subjects. Theories—such as cognitive theories about text comprehension or 
sociocultural theories about the role of context in shaping literacy learning 
opportunities—have made important contributions to the understanding 
of reading. However, the “big ideas”� of reading are not theories and con-

� The concept of big ideas is a rhetorical device first used in discussions of science 
education.
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cepts that are central to any field of academic inquiry. Rather, the principal 
elements of the knowledge of how students develop as readers, and how 
successful readers navigate texts, have emerged from many disciplines, from 
the study of a range of questions using a range of methods.

Research on reading has produced a portrait of successful readers at 
various stages of their development and has characterized the principal 
difficulties that impede progress in learning to read fluently. We summarize 
here the main findings from the three summary documents that relate to 
the question of what successful readers know.

Preventing Reading Difficulties in Young Children

The committee that developed Preventing Reading Difficulties in 
Young Children (National Research Council, 1998) was asked to consider 
the effectiveness of interventions for young children who are at risk of 
having problems learning to read. The committee examined a range of 
evidence, including case studies, correlational studies, experimental and 
quasi-experimental studies, epidemiological studies, ethnographies, and 
other work. The committee looked for converging evidence from a range 
of sources to support their conclusions. The report’s introduction contains 
a detailed discussion of the complex issues associated with evidence in the 
field of reading (pp. 34-40).

The committee found that children who are successfully learning to 
read have

•	 �a working understanding of how sounds are represented 
alphabetically,

•	 �sufficient practice in reading to achieve fluency with different kinds 
of texts,

•	 �sufficient background knowledge and vocabulary to render written 
texts meaningful and interesting,

•	 �control over procedures for monitoring comprehension and repair-
ing misunderstandings, and

•	 �continued interest and motivation to read for a variety of 
purposes.

There are three potential stumbling blocks that may impede children’s 
progress toward skilled reading. The first obstacle, which arises at the outset 
of reading acquisition, is difficulty understanding and using the alphabetic 
principle—the idea that written spellings systematically represent spoken 
words. It is hard to comprehend connected text if word recognition is inac-
curate or laborious. The second obstacle is a failure to transfer the compre-
hension skills of spoken language to reading and to acquire new strategies 
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that may be specifically needed for reading. The third obstacle to reading 
will magnify the first two: the absence or loss of an initial motivation to 
read or failure to develop an appreciation of the rewards of reading.

National Reading Panel

In response to a congressional charge, the National Institute of Child 
Health and Human Development, a division of the National Institutes of 
Health, formed the NRP to “assess the status of research-based knowledge, 
including the effectiveness of various approaches to teaching children to 
read” (National Institute of Child Health and Human Development, 2000, 
p. 1). The report was designed to build on the 1998 NRC report.

The NRP’s process included public hearings that involved teachers, 
parents, university scholars, educational policy experts, and others in wide-
ranging discussions of learning and teaching reading, as well as a system-
atic review of a voluminous literature. The NRP used specific criteria to 
identify findings that were supported by high-quality experimental studies. 
It selected for consideration studies that measured reading as an outcome, 
were published in English in a refereed journal, focused on children’s read-
ing development from prekindergarten through 12th grade, and used an 
experimental or quasi-experimental design with a control group or a mul-
tiple baseline method. The NRP also coded the selected studies for certain 
qualities, such as sample characteristics, degree of detail of description of 
interventions, methods, and outcome measures (National Institute of Child 
Health and Human Development, 2000).

The NRP’s findings confirmed the definition of the components of suc-
cessful reading offered in the 1998 NRC report. In terms of what enables 
students to become successful readers, the NRP organized its findings around 
three foundational elements—alphabetics, fluency, and comprehension—
that encompass the basic skills all readers need to master.

Alphabetics includes both phonemic awareness and phonics, which 
the report describes as the “two best school-entry predictors of how well 
children will learn to read during the first two years of instruction” (p. 7). 
Phonemes are defined as “the smallest units composing spoken language.” 
The two sounds that make up the word “go,” for example, are two pho-
nemes. A phoneme can be identified by a single letter, but phonemes are not 
synonymous with either letters or syllables. Thus, phonemic awareness, the 
ability to recognize and use spoken phonemes, precedes understanding of 
phonics, the way “letters are linked to sounds (phonemes) to form letter-
sound correspondences.” The NRP found that “systematic phonics instruc-
tion produces significant benefits for children in kindergarten through 6th 
grade and for children having difficulty learning to read” (National Institute 
of Child Health and Human Development, 2000, p. 9).
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Students must also develop fluency, or the capacity to “read orally with 
speed, accuracy, and proper expression” (p. 11). Fluency increases with 
practice in oral and silent reading.

Both alphabetic skill and fluency are essential for students to achieve 
the purpose of reading, comprehension. Viewed as “essential not only to 
academic learning in all subject areas but to lifelong learning as well” 
(p. 13), comprehension is described by the NRP a “complex cognitive pro-
cess” that requires an adequate vocabulary, purposeful “interaction with 
the text,” and the capacity to relate ideas in the text to personal knowledge 
and experiences (National Institute of Child Health and Human Develop-
ment, 2000, p. 13).

Because they overlap, the underlying skills may be grouped in various 
ways (e.g., phonemic awareness and phonics may be treated as one skill or 
two) than the one used by the NRP report. However, the field has achieved 
consensus on the basic components of what a successful reader “knows.” 
These elements—phonemic awareness, phonics, fluency, vocabulary, and 
comprehension—are increasingly identified as the most important content 
for teacher preparation courses (August and Shanahan, 2006).

International Reading Association

The International Reading Association (IRA) has synthesized the lit-
erature on reading with the goal of offering guidance on preparation for 
reading teachers. Its findings are presented in the form of a multipart study 
of effective practices (2003a), standards for reading professionals (2003b), 
and a research synthesis (2007). The study on practices (2003a) included a 
survey of reading teacher educators, an in-depth look at several programs 
identified as exemplary, and analysis of the effectiveness of the graduates 
of those programs. The IRA standards (2003b) are used by the faculties of 
teacher preparation programs and state departments of education in plan-
ning for the training of classroom reading teachers, paraprofessionals, read-
ing specialists and coaches, reading teacher educators, and administrators. 
They are also used for evaluating both candidates and programs. A revised 
version (which will incorporate new comments from panels of experts and 
reviewers) is scheduled for publication in 2010.

The IRA’s 2007 report synthesized findings from the 2003 study, as well 
as a review of empirical research by Risko and colleagues (2008) (discussed 
below). Many of its findings are more pertinent to the committee’s ques-
tions 2, 3, and 4, than to question 1, but with regard to what successful 
readers know, it essentially follows the NRP in identifying what it refers 
to as the major components of reading. The IRA’s purpose in these three 
documents is to guide instruction and teacher preparation, so it discusses 
the skills in the context of strategies for teachers.
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From these summary reports it is clear that there is a consensus among 
leaders in the field of reading that successful beginning readers possess six 
foundational skills:

1.	 oral language as a base for learning,
2.	 phonemic awareness,
3.	 a grasp of phonics,
4.	 fluency,
5.	 vocabulary knowledge, and
6.	 comprehension strategies.

Adolescent Readers and English-Language Learners

The basic picture of what successful readers know begins with young 
children whose first language is English. The picture is somewhat different 
for adolescent readers and English-language learners. The still-developing 
literacy of adolescents has been less thoroughly studied than that of young 
children, though some recent work has expanded thinking on this topic 
(International Reading Association and the National Middle School Asso
ciation 2002; Kamil et al., 2008). Successful adolescent readers have mas-
tered phonemic awareness, phonics, and fluency by the middle school 
years, but they face higher demands for vocabulary and comprehension 
than do younger students. Once they reach middle school, students must 
rely on academic vocabulary and comprehension to learn other subjects 
(though they begin “reading to learn” during the primary grades). Develop-
ment of vocabulary and comprehension continues throughout life—unlike 
phonemic awareness, phonics, and fluency, which become automatic once 
they are mastered.

Adolescents who are reading successfully expand and broaden their 
comprehension skills and strategies across a range of texts. The texts they 
read present complex ideas, technical vocabulary, an array of graphical 
representations that have to be interpreted, and underlying structures that 
mirror the discipline in which they are reading (e.g., scientific argumenta-
tion) (Greenleaf et al., 2001). These skills and strategies include predicting 
the content of upcoming texts, summarizing to get the gist of a document, 
and monitoring their own comprehension (Dole et al., 1991). Adolescents 
are still building stores of word knowledge that will help them in adult life 
and in studying new or greatly expanded knowledge domains, such as sci-
ence and history (Beck, McKeown, and Kucan, 2002). Many of these skills 
are reflected in the proficiency standards for 8th- and 12th-grade readers 
established for the National Assessment of Educational Progress (NAEP) 
(National Center for Education Statistics, 2005). Thus, adolescent readers 
build on the skills established in the elementary years by solidifying their 
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comprehension skills and accelerating their acquisition of the vocabulary 
necessary to read effectively in variety of fields.

The foundational reading skills that successful native English speakers 
develop apply to English-language learners as well, according to the Na-
tional Literacy Panel on Language Minority Children and Youth (August 
and Shanahan, 2006, 2008). This panel of experts (in a range of fields 
relevant to language acquisition and literacy for non-native English speak-
ers) reviewed research studies published in peer-reviewed journals, most of 
which used experimental or quasi-experimental designs.

The panel found that reading development for English-language learn-
ers presents several distinct challenges. Transferring conceptual knowledge 
and intellectual skills from students’ native language to English is not 
automatic, and progress with English depends in part on both the stage of 
development the student has reached before beginning to learn English and 
the strength of the skills he or she has developed in the first language. We 
address instructional strategies for both struggling adolescent readers and 
English-language learners in the discussion of question 3, below.

Question 2: What Instructional Opportunities 
are Necessary to Support Successful Readers?

Instructional opportunities encompass more than teaching—curricu-
lum, instructional materials, and other elements are also important—but 
the opportunities that teachers can provide are our focus. We again begin 
with the consensus reports. Preventing Reading Difficulties in Young Chil-
dren describes the kinds of instruction that help students become successful 
readers (National Research Council, 1998). They include instruction in the 
various uses and functions of written language and an appreciation and 
command of them; the use of the alphabetic principle in reading and writ-
ing; and language and metacognitive skills to meet the demands of under-
standing printed texts. Specifically, the report finds that adequate reading 
instruction for young children provides them with opportunities to:

•	 use reading to obtain meaning from print,
•	 have frequent and intensive opportunities to read,
•	 be exposed to frequent, regular spelling-sound relationships,
•	 learn about the nature of the alphabetic writing system, and
•	 understand the structure of spoken words.

As noted above, the NRP report (National Institute of Child Health and 
Human Development, 2000) builds on NRC’s conclusions, and it identifies 
instruction in the five foundational skills as the learning experiences with 
the strongest basis in empirical research. The report addresses alphabetics 
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(including phonemic awareness and phonics), fluency, and comprehension 
(including vocabulary and comprehension).

The NRP panel subgroups who examined those three topics were 
charged with identifying effective instructional practices for each topic. The 
NRP found that the research base is strongest and most explicit for skills 
related to alphabetics. For example, instruction in phonemic awareness 
and phonics has been found to improve students’ reading, decoding, spell-
ing, and comprehension skills. In particular, an approach called systematic 
phonics instruction is identified as a key means of building essential skills, 
though the authors caution that it is a means to an end, and that overem-
phasis on phonics instruction, at the expense of other kinds of instruction, 
is “unlikely to be very effective” (p. 10).

The NRP found less to say about fluency, noting only that both guided 
oral reading and independent silent reading are the strategies typically used 
to boost fluency, but that this kind of instruction is not emphasized as much 
as it should be. The report also identifies “guided repeated oral reading” 
as an important experience for all students—those who are developing in 
the typical way and those who are struggling, even though methodologi-
cally strong evidence linking these experiences to fluency is not available. 
Both direct and indirect vocabulary instruction also appear to be valuable: 
the NRP found that students benefit from exposure to multiple methods of 
vocabulary instruction, though there is no firm basis for identifying specific 
methods or combinations as optimal or even essential.

With regard to comprehension, the NRP report identified a solid re-
search basis for seven types of strategies for instruction. These include, for 
example, teaching readers to summarize what they have read, generate 
questions about a text, and use graphic organizers. The NRP found that 
exposure to multiple methods of comprehension instruction yields the best 
outcomes. It did not find evidence to support specific recommendations 
about which strategies are best at different stages of development.

Opportunities for teachers and students to discuss the material students 
are reading have also been identified as a valuable tool for developing com-
prehension (Applebee et al., 2003). Discussions that are largely directed 
by the teacher—reflecting goals the teacher has identified or challenges the 
teacher anticipates (such as complex or unfamiliar ideas or vocabulary or 
support features such as maps and graphs that require interpretation)—
build specific comprehension skills. Discussion-based approaches are most 
successful when teachers are knowledgeable about the content of the text, 
thoughtful about the kinds of questions that are likely to lead the students 
to deep understanding of the ideas, and capable of adjusting to students’ 
needs and challenges as the discussion unfolds.

We note that there are several approaches to instruction that are de-
signed to build comprehension and that a debate has developed between 
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those who favor strategy instruction and those who favor content instruc-
tion. Strategy instruction, which entails explicitly teaching the processes 
used in reading for understanding, has been prominent in the literature, 
including the National Reading Panel Report (National Institute of Child 
Health and Human Development, 2000). This model of instruction is prin-
cipally based on theories regarding self-regulation. The alternative approach 
focuses on the way readers continuously build a mental representation of a 
text, and it calls for a focus on content, rather than processes.

The two approaches have been studied independently, but it is only 
recently that researchers have investigated their comparative advantages. 
McKeown, Beck, and Blake (2009) compared the effects of each approach 
and also compared them with the effects of a control approach, instruc-
tion guided by a basal reading program. This quasi-experimental study 
was conducted over 2 years with 5th-grade students in an urban setting. 
The “strategies” group received explicit teaching in specific procedures for 
interacting with text (i.e., summarizing, predicting, drawing inferences, gen-
erating questions, and monitoring comprehension). The “content” group 
responded to general questions about the meaning of the text (e.g., “What’s 
going on here?” “How does all this connect with what we read earlier?”). 
For the control group, the researchers extracted comprehension-related 
questions from the teachers’ edition of a basal reading program. Measures 
used to assess the effectiveness of instruction included assessments of the 
understanding of the texts taught and assessments that asked students to go 
beyond what they had been explicitly taught. The results of this study were 
mixed: they showed no difference across the approaches on one measure 
but more positive results for the content-based approach on others.

question 3: What do Successful Teachers 
Know ABOUT Reading and how to teach it?

The volume of available guidance to reading teachers shows that many 
practitioners and researchers have strong views about the knowledge and 
skills that are most important for teachers of reading; however, the research 
has less to offer on this question than on the question of what successful 
students know. The three summary reports from the National Research 
Council (1998), the International Reading Association (2007), and the 
National Reading Panel (National Institute of Child Health and Human 
Development, 2000) have put forward summary descriptions of what excel-
lent reading teachers know and can do. The next section summarizes those 
three reports on this question; the following two sections cover two special 
groups, adolescents and English-language learners.
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Overview

Preparing Our Teachers, a report designed to distill from the 1998 
NRC report practical suggestions for teachers and teacher preparation 
programs, stresses the importance of a well-rounded education for prospec-
tive teachers (Strickland et al., 2002): “Because reading touches all content 
areas—from sciences and social studies to literature and philosophy, . . . 
good teachers benefit from being well read themselves and knowledgeable 
in many disciplines” (p. 17). The report advocates that teachers develop 
knowledge across a range of fields and topics—including the behavioral and 
cognitive sciences, the social sciences, and language and literature—as well 
as a detailed understanding of the content of relevant academic standards.

The NRP’s vision of what teachers need to know is grounded in their 
framing of what students need to know. Thus, they posit that teachers 
need to understand and know how to teach the foundational reading skills 
(National Institute of Child Health and Human Development, 2000).� 
However, the NRP notes that there are numerous ways to teach these skills 
and that the evidence does not provide completely clear indications of 
which approaches are best, which are most suitable for particular groups 
of students, or how best to apply evidence-based techniques. Thus, the 
NRP asserts that prospective teachers should learn how to apply emerg-
ing empirical evidence in making their own judgments about instructional 
programs or developing instructional approaches for themselves, based on 
the needs of their students.

For example, only a handful of studies that met the NRP criteria ad-
dressed specific approaches for teaching comprehension—one of the foun-
dational skills. The few studies that were available (related to the specific 
strategies known as the direct explanation approach and the transactional 
strategy approach) support the conclusion that formal instruction is neces-
sary for teachers to implement them effectively. The panel also found that 
research on the development of reading comprehension skills provided 
important guidance for effective instruction (National Institute of Child 
Health and Human Development, 2000, p. 13):

First, reading comprehension is a complex process that cannot be under-
stood without a clear description of the role that vocabulary development 
and vocabulary instruction play in the understanding of what has been 
read. Second, comprehension is an active process that requires an inten-
tional and thoughtful interaction between the reader and the text. Third, 
the preparation of teachers to better equip students to develop and apply 
reading comprehension strategies is intimately linked to students’ achieve-
ment in this area.

� Reading researchers tend not to use the term pedagogical content knowledge, but teachers’ 
knowledge of how to teach reading could be understood as a form of it.
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The panel conducted similar analyses for the elements of alphabetics 
and fluency and found empirical support for the effectiveness of a number 
of instructional strategies, such as teaching children to manipulate pho-
nemes in words and guided oral reading, in helping students develop as 
readers. Nevertheless, the NRP report notes that many specific questions 
about instructional approaches remain unanswered.

The IRA identifies an array of knowledge that is important for teachers 
to have. Based on professional judgment and on a review of the literature 
on reading and reading instruction, the IRA concluded that any preparation 
program for reading teachers should include six elements (International 
Reading Association, 2007):�

1.	� A foundation in research and theory: Teachers must develop a thor-
ough understanding of language and reading development as well 
as an understanding of learning theory and motivation in order to 
ground their instructional decision making effectively.

2.	� Word-level instructional strategies: Teachers must be prepared to 
use multiple strategies for developing students’ knowledge of word 
meanings and strategies for word identification. This includes the 
study of the phonemic basis for oral language, phonics instruction, 
and attention to syntax and semantics as support for word recogni-
tion and self-monitoring.

3.	� Text-level comprehension strategies: Teachers must be prepared to 
teach multiple strategies that readers can use to construct meaning 
from text and to monitor their comprehension. They must under-
stand the ways in which vocabulary (word meaning) and fluency 
instruction can support comprehension and develop the capacity 
for critical analysis of texts that considers multiple perspectives.

4.	� Reading-writing connections: Teachers must be prepared to teach 
strategies that connect writing to the reading of literary and infor-
mation texts as a support for comprehension. This includes atten-
tion to teaching conventions of writing.

5.	� Instructional approaches and materials: Teachers must be prepared 
to use a variety of instructional strategies and materials selectively, 
appropriately, and flexibly.

6.	� Assessment: Teachers must be prepared to use appropriate assess-
ment techniques to support responsive instructional decision mak-
ing and reflection.

� These six elements are described on pages 2 through 6 of International Reading Association 
(2007); we have paraphrased the descriptions.
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The IRA’s standards for reading professionals address five areas: foun-
dational knowledge; instructional strategies and curriculum materials; as-
sessment, diagnosis, and evaluation; creating a literate environment; and 
professional development (International Reading Association, 2003b).� The 
standards in each area provide further detail about the knowledge and 
skills they believe teachers should have. For example, a reading specialist 
should be able to “refer to major theories in the foundational areas as they 
relate to reading [and to] explain, compare, and contrast the theories” 
(see http://www.reading.org/downloads/resources/545standards2003/index.
html [February 2010]).

There is little empirical evidence that directly links particular knowl-
edge and skills that teachers have to outcomes for students. However, ex-
perts have drawn logical conclusions about what teachers should know and 
be able to do from research concerning the attributes of successful readers 
and instructional strategies that have been successful, as well as normative 
views of the professional knowledge necessary to teach reading. The current 
working hypothesis is not that teachers need to master particular instruc-
tional strategies, but that there is an arsenal of strategies they can use to 
meet the needs of diverse students. Experts believe that teachers draw on 
both a macrolevel understanding of instructional goals (such as assessing 
and diagnosing readers’ strengths and weaknesses, adapting available strat-
egies and materials to students’ needs, creating a rich literary environment 
with numerous and varied opportunities to practice reading skills, etc.), as 
well as a microlevel understanding of the foundational skills and challenges 
students face in mastering them, building vocabulary and comprehension 
(including, for example, a detailed picture of developmental stages and 
knowledge of how to effectively group diverse students).

In short, reading teachers rely on a broad-based understanding of:

•	 �the foundational elements of reading and the theory on which they 
are based;

•	 �the range of instructional strategies they can use to develop each of 
these skills in diverse students; and

•	 �the materials and technological resources they can use to support 
student learning.

� Instructional strategies and curriculum materials assessment, diagnosis, and evaluation, and 
creating a literate environment could all be understood to be part of a teacher’s pedagogical 
content knowledge.
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Teaching Adolescent Readers

Common sense suggests that the teaching of reading is different in el-
ementary schools than it is in middle and high schools. Elementary schools 
have a built-in support system for the development of successful reading. 
That system includes a period of time devoted each day to instruction by a 
teacher who has special training in reading, and elementary schools often 
have reading specialists and interventions for struggling readers. Middle 
and secondary schools, however, less frequently have systems in place to 
support struggling readers. English/language arts classes may offer instruc-
tion aimed at building reading and writing skills, but students who are not 
yet reading well are at a disadvantage, not only in those classes, but also 
in other classes that draw on reading skills, such as history, science, and 
mathematics.

Recent research has identified instructional strategies that seem to be 
effective with struggling adolescent readers (Kamil, 2003; Biancarosa and 
Snow, 2006; see also Graham and Perin, 2007; Haynes, 2007; Heller and 
Greenleaf, 2007; Short and Fitzsimmons, 2007).� For example, in a recent 
report that was based on an expert panel’s review of current research that 
would be useful in identifying the most promising approaches to supporting 
struggling adolescent readers, Biancarosa and Snow (2006) identified nine 
key instructional components of effective adolescent literacy programs that 
have yielded improvement in reading and writing abilities:

1.	 direct, explicit comprehension instruction;
2.	 effective instructional principles embedded in content;
3.	 motivation and self-directed reading;
4.	 text-based collaborative learning;
5.	 strategic tutoring;
6.	 diverse texts;
7.	 intensive writing;
8.	 technology component; and
9.	 ongoing formative assessment of students.

A report from the What Works Clearinghouse (a project of the De-
partment of Education’s Institute of Education Sciences that assesses the 
research support for education programs and practices) has examined class-

� The IRA collaborated with the National Middle School Association to produce a joint posi-
tion statement summarizing the key elements of reading instruction for this age group, which 
draws on the association’s own publications. The statement recommends that schools provide: 
ongoing reading instruction across the curriculum for all students; assessment that informs 
instruction; and ample opportunities to read and discuss reading with others (International 
Reading Association and National Middle School Association, 2002).
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room practices and interventions that target the needs of adolescent read-
ers (Kamil et al., 2008). The authors recommend five specific practices, 
with different levels of evidentiary support: for 1, 2, and 5, the evidence 
is strong; for 3 and 4, it is moderate.� Their recommendations are that 
teachers (p. 7):

1.	 provide explicit vocabulary instruction,
2.	 provide direct and explicit comprehension strategy instruction,
3.	� provide opportunities for extended discussion of text meaning and 

interpretations,
4.	� increase student motivation and engagement in literacy learning, 

and
5.	� make available intensive and individualized interventions for strug-

gling readers that can be provided by trained specialists.

There is ample evidence that many students have not become successful 
readers by the time they leave elementary school (see, e.g., Lee, Grigg, and 
Donahue, 2007). Thus, it is important that teachers of middle and high 
school students understand the importance of helping students continue to 
build on the foundational reading skills established in elementary school 
and know how to identify students who are still struggling. Although re-
searchers are now focusing greater attention than previously on the distinct 
needs of struggling adolescent readers, the literature supplies more promis-
ing ideas than settled research on the most effective ways to reach these 
students. Those who have studied the issue believe that teachers who work 
with adolescents draw on strategies for fostering motivation to read, build-
ing vocabulary, and expanding students’ capacity to comprehend a variety 
of information and literary texts.

Teaching English-Language Learners

Although there are teaching specialists trained to work with English-
language learners (see Chapter 3), most of those students do not have 
enough access to specialists, either because they are moved out of language 
support classes before they are proficient or because they are expected to 
function in mainstream classes with teachers who have not been prepared 
to address their needs while extra language support is provided separately 
(Lucas and Grinberg, 2008). These students would be best served if their 
teachers understood the factors that affect their reading development and 

� The authors describe strong evidence as including “both studies with high internal validity 
and studies with strong external validity.” They offer a detailed discussion of their criteria 
(Kamil et al., 2008,Table 1, p. 2).
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were prepared to address them. Unfortunately the empirical evidence on 
what this preparation should consist of is limited.

Preparation for All Teachers

The National Literacy Panel for Language Minority Children and 
Youth prepared a report similar to that of the National Reading Panel, 
which summarized the evidence on the development of literacy among 
English-language learners using similar criteria in identifying high-qual-
ity empirical research (August and Shanahan, 2006). The panel reviewed 
studies on the development of literacy through five domains: the dif-
ferences between the development of literacy in language-minority stu-
dents and mainstream students; cross-linguistic relationships between 
oral language development and literacy in students’ first and second 
languages; sociocultural contexts and literacy development; instruction 
and professional development; and student assessment. The panel identi-
fied the knowledge it views as important for teachers who will work with 
English-language learners:

•	 �understanding of the complexity of the reading process for English-
language learners;

•	 �competence at explicit instruction in vocabulary, the development 
of oral proficiency;

•	 �content instruction that focuses on learning from text, understand-
ing and producing academic language, genre differentiation, and 
academic writing; 

•	 �understanding of home-school differences in interaction patterns or 
styles and individual differences among the wide range of English-
language learners; and

•	 �understanding of the ways language and reading interact, the skills 
that transfer into English, and how to facilitate that transfer; and 
understanding of the context in which second-language learners 
develop as readers.

Lucas and Grinberg (2008) also summarized the literature available, 
including the limited number of empirical studies and other materials. They 
found that it is valuable for teachers of English-language learners, regard-
less of the subject they are teaching, to have knowledge of (p. 614):

•	 �the language backgrounds, experiences, and proficiencies of their 
students;

•	 second-language development;
•	 the connection between language, culture, and identity; and
•	 language forms, mechanics, and uses.
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It is valuable for teachers to understand their students’ linguistic back-
grounds for several reasons. A strong teacher-student relationship has ben-
efits for students’ academic development, for example, and teaching that 
draws on students’ linguistic traditions facilitates their learning. In terms 
of second-language development, Lucas and Grinberg (2008) cite a range 
of empirical and other work that indicates that the development of literacy 
is much smoother for English-language learners if they have already devel-
oped strong skills in their native language and that teachers should help 
students draw on their original language as a support in improving their 
English.

Lucas and Grinberg also report that it is important that teachers recog-
nize the difference between conversational and academic language. Students 
cannot succeed at studying academic subjects in a second language until 
they have sufficient proficiency in listening, speaking, reading, and writ-
ing. Moreover, anxiety, which is more likely if their skills in any of these 
areas are limited, can impede learning. The authors note that teaching of 
grammar has fallen out of favor in the English curriculum and that many 
teachers have not studied a second language; however, they also note that 
educational linguists have argued that teachers need specific knowledge of 
language mechanics and usage in order to facilitate their students’ language 
development.

Calderón (2007) has also summarized key aspects of second-language 
learning in a teaching framework that is based on a set of longitudinal 
studies in which strategies were field-tested around the country. Calderón 
notes that English-language learners who already have strong literacy skills 
in their own language have a significant advantage, but that transferring 
knowledge and skills from one language to another may not be automatic. 
English language learners may need to be explicitly taught to transfer these 
skills.

Furthermore, Calderón notes, building vocabulary depth (the degree 
of knowledge of a word) and breadth (the number of words) is more 
challenging for English-language learners than for native English speak-
ers. More than a third of subject-specific vocabulary words in English are 
cognates with Spanish, for example, but many other words that seem to 
be cognates actually have different meanings in English and have to be 
learned (Calderón, 2007). All readers comprehend texts on familiar topics 
more readily than unfamiliar ones, and English-language learners may have 
difficulty comprehending texts, even if they are proficient readers in terms 
of their decoding and fluency, if they are unfamiliar with the vocabulary 
and content of a text. Adolescent English-language learners who have op-
portunities to apply comprehension skills to content texts in their native 
language acquire these skills much faster because they understand the text. 
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Once these skills are acquired in their native languages, they can be trans-
ferred to English reading (August and Shanahan, 2006).

Middle and High School Teachers

English-language learners of middle or high school age present a par-
ticular challenge. The integration of second-language and reading develop-
ment requires specific teacher preparation, particularly for those who teach 
English-language learners in content areas such as mathematics, science, 
and social studies (August et al., 2005a; Valdés et al., 2005; August and 
Calderón, 2006; Calderón, 2007; Short and Fitzsimmons, 2007; August, 
2008). The challenge is particularly hard for English-language learners who 
are newcomers or “students with interrupted formal education,” who may 
be reading at a 1st- to 3rd-grade level. These students are at a significant 
disadvantage because they are not generally offered the literacy instruction 
provided to students in elementary school (August et al., 2005b; Carnegie 
Corporation of New York, 2010).

Not only are middle and high school English-language learners ex-
pected to master complex course content, often with minimal background 
knowledge or preparation, but they also have fewer years to master the 
English language. English-language learners can be fluent readers even 
when they do not fully understand the meaning of the words they read 
(Stahl, 2003; Calderón et al., 2005). When English-language learners are 
promoted from grade to grade on the basis of fluency assessments, they may 
not receive appropriate instruction on vocabulary and reading comprehen-
sion (August et al., 2005c). Thus, these students benefit if their teachers of 
mathematics, science, and social studies can integrate explicit vocabulary 
and reading comprehension instruction that focuses on their subject-matter 
instruction (Short and Fitzsimmons, 2007). However, according to a report 
from the National Center for Education Statistics (2002), in 1999-2000 
only 12.5 percent of teachers who taught English-language learners had 
received 8 or more hours of training in teaching these students during the 
preceding 3 years.

Reading Teachers

Teachers of any subject or grade may be called on to address the 
needs of English-language learners, but reading teachers have a particular 
responsibility to understand the challenges of second-language acquisi-
tion. The literature we reviewed indicates the value for elementary read-
ing teachers, reading specialists for all levels, and middle and high school 
English/language arts teachers of a clear theoretical understanding of the 
process of learning to read for English-language learners, strategies for 
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assessing the literacy skills of these students, and a range of strategies for 
targeting their needs, as well as resources for additional support (Fillmore 
and Snow, 2000; Valdéz et al., 2005). There is little empirical research to 
demonstrate that teachers who have been taught particular knowledge 
and skills have students who learn better than others. However, there is a 
consensus on the skills and knowledge most useful to teachers of reading, 
which provides the best available guidance for the preparation of teachers 
of reading:

•	 �the foundational elements of reading and the theory on which they 
are based;

•	 �the range of instructional strategies they can use to develop each of 
these skills in diverse students;

•	 �the materials and technological resources they need to support 
student learning;

•	 �a clear theoretical understanding of the process of learning to read 
for English-language learners, strategies for assessing the literacy 
skills of these students, and the range of available strategies for 
targeting their needs, as well as resources for additional support; 
and

•	 �strategies for helping struggling older readers build foundational 
skills, foster motivation to read, build vocabulary, and improve 
comprehension of a variety of information and literary texts.

Question 4: What instructional opportunities are 
necessary to prepare successful READing teachers?

Relatively few empirical studies have been focused on the question of 
how teachers ought to be prepared to teach reading. The NRP examined 
this question and identified just 11 studies that addressed preservice educa-
tion and also met the selection criteria for their report (National Institute 
of Child Health and Human Development, 2000). These studies did not 
address long-term outcomes or outcomes for students, and there were too 
few of them for the NRP to draw specific conclusions about what should 
happen in teacher preparation programs. The NRP report noted that many 
questions—regarding the content, length, and effectiveness of preservice 
education, and other issues—deserve further research.

In its synthesis of empirical and theoretical work on teacher prepara-
tion, the IRA’s Teacher Education Task Force identified six characteristics 
as essential to programs that “produce teachers who teach reading well” 
(International Reading Association, 2007, p. 1). Not all of those charac-
teristics are directly relevant to the experiences prospective teachers should 
have, and they are derived less from empirical research than from an analy-
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sis of programs selected as examples of a diverse range of program types. 
We include them here because the programs were reviewed in unusual 
depth, and the IRA’s exploratory work has been influential in the field:

•	 �Content: The programs draw on an integrated body of research fo-
cusing on how students become successful readers and how teach-
ers support students with instruction.

•	 �Faculty and teaching: The faculty is committed to effective in-
struction that delivers appropriate content and models successful 
instructional techniques for students.

•	 �Apprenticeships, field experiences, and practice: The programs 
move teachers through systematically arrayed field experiences that 
are closely coordinated with their coursework and expose them to 
excellent modes and mentors.

•	 �Diversity: The programs are saturated with an awareness of diver-
sity, and they produce teachers who know how to teach diverse 
students in diverse settings.

•	 �Candidate and program assessment: The programs intention-
ally and regularly assess their students, graduates, faculty, and 
curriculum to guide instructional decision making and program 
development.

•	 �Governance, resources, and vision: The programs are centered on 
a vision of quality teaching that produces a community of future 
leaders in reading education. The governance gives faculty appro-
priate control for realizing that vision.

Following the task force’s work, the IRA established a new program 
in 2008 to promote and honor excellence in the preparation of reading 
teachers, the Certificate of Distinction. The certificate is designed to rec-
ognize programs that “consistently prepare well-qualified reading teachers 
who know about and use evidence-based practices” (see http://www.reading.
org [October 2009]).

Risko and her colleagues (2008) also analyzed the research on the 
education of reading teachers. They identified 82 studies that focused on 
the preparation of teachers for K-12 classroom reading instruction that 
met their critieria. They selected for review empirical studies that reflected 
a variety of methodological stances and were published between 1990 and 
2006 in a peer-reviewed journal. The outcomes they examined included 
both changes in teachers’ beliefs and attitudes in the course of their educa-
tion, as well as gains they made in knowledge and skills. The findings in 
this paper are primarily suggestive of experiences that may be valuable, 
depending on the goals one identifies for teacher preparation.

The authors offer a detailed critique of the available literature, as well 
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as several findings about practices that seem to be associated with effective-
ness. They observe that evidence shows that “reading teacher preparation 
programs have been relatively successful in changing prospective teachers’ 
knowledge and beliefs” (Risko et al., 2008, p. 252) and that there is some 
(but less) evidence that they affect teaching practice. The authors identify a 
few elements of teacher preparation as likely to be effective:

•	 explicit examples and explanations of material;
•	 �a “learning and doing approach,” in which teacher educators model 

the pedagogical strategies they are teaching their students to use;
•	 �opportunities for guided practice of teaching strategies in the uni-

versity classroom and with students;
•	 �extended opportunities for fieldwork and sustained interactions 

with students; and
•	 �mentoring that includes both feedback on teaching and peer 

coaching.

Although there is very little empirical basis for claims about precisely 
how prospective reading teachers should be prepared, two elements stand 
out from the literature as likely to be valuable and should be examined 
more rigorously:

1.	� coursework that provides opportunities to engage substantively 
with the theoretical foundations of reading research as well as the 
range of pedagogical approaches currently viewed as having merit; 
and

2.	� extensive opportunities for fieldwork that includes supervised prac-
tice teaching content and using strategies covered in class work, as 
well as continuing feedback from faculty, experienced colleagues, 
and peers.

HOW reading teachers ARE CURRENTLY PREPARED

As we discuss in Chapter 3, very few national-level data are available 
on program requirements, coursework, and other features of study for 
general teacher candidates or for those who specialize in reading or other 
subjects. However, states’ policies and requirements regarding readiness 
to teach reading provide some indications of the characteristics of reading 
preparation programs. In addition, we commissioned analyses of New York 
City and Florida about the preparation of reading teachers in those two 
jurisdictions. Finally, we reviewed a handful of studies that have focused in 
various ways on the content of literacy preparation in teacher preparation 
programs.
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State Policies

In looking at state policies, we turned first to the question of what states 
require of teacher preparation programs. Information about state policies is 
available in a database compiled by the Education Commission of the States 
(which includes the 50 states, American Samoa, Puerto Rico, and the Virgin 
Islands)� and information from our commissioned analyses. The database 
tracks state policies related to various questions, including whether the 
state’s standards for beginning teachers or requirements for preparation 
programs include any provisions related to the teaching of reading. The 
database includes excerpts from state policy documents describing require-
ments for undergraduate and postgraduate teacher preparation programs, 
which were reviewed for accuracy by state personnel.

We found that states fall into four rough categories: virtually no guid-
ance (24 states); a specified number of credit hours (10 states); adherence 
to specific guidelines (4 states); and substantive guidance (15 states). In 
the first group, the 24 states either have no policy on the preparation of 
reading teachers or the only policy is an extremely general statement that 
does not offer any meaningful guidance for programs. In the next group, 
10 states specify a certain number of credit hours in reading, but they offer 
no guidance as to what the credits should cover. In the third group, four 
states specify that programs should adhere to the guidelines of the National 
Council for Accreditation in Teacher Education, the Interstate New Teacher 
Assessment and Support Consortium, or both. Last, 15 states offer some 
kind of substantive guidance (some in that category also specified a number 
of credit hours).

Among the 15 states that do offer some type of guidance, however, 
there is a considerable range in the nature of their guidance. In Alabama, 
for example, institutions are responsible for producing teacher candidates 
who demonstrate knowledge of:

•	 language development and the role of language in learning;
•	 �how to develop a print and language rich classroom that fosters 

interest and growth in all aspects of literacy;
•	 �classroom environments and instruction that develop and extend 

students’ competence in reading, writing, speaking and listening; 
and

� This database is hosted by the National Comprehensive Center for Teacher Quality, which 
is a collaboration among the Education Commission of the States, the Educational Testing 
Service, Learning Point Associates, and Vanderbilt University; see http://www.tqsource.org/ 
[October 2009].
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•	 �assessment tools to monitor the acquisition of reading strategies, 
improve reading instruction and identify students who require ad-
ditional instruction.

Massachusetts specifies that “All teacher candidates must have the subject-
matter knowledge required to teach reading. Elementary teacher candidates 
complete instruction in reading/language arts, reading theory, and research 
and practice.” North Carolina stipulates that teachers must know the 
North Carolina and district standards for reading.

Examining the reading content of teacher certification exams provides 
yet another window into the kinds of reading instructional practices and 
knowledge beginning teachers are expected to have. Though these exami-
nations vary by state, a recent study of state licensure examinations for 
prospective elementary school teachers found the focus on literacy across 
a range of commonly used teacher tests was wanting (Stotsky, 2006). For 
example, the study concluded that the content of an exam developed by 
the Educational Testing Service and used by 35 states includes only a tiny 
fraction of items that address phonemic awareness, phonics, and vocabu-
lary knowledge—three of the foundational reading skills. And only four 
states—California, Massachusetts, Oklahoma, and Tennessee—require a 
separate reading test for licensing elementary school teachers. (The study 
does not provide details on the nature of these tests.) In short, states have 
very different policies related to teacher preparation in reading.

Our commissioned studies also showed considerable variation within 
regions. In New York, to obtain a childhood education certificate (to teach 
grades 1-6) through its traditional route, the state requires a minimum of 
six credits in language and literacy, which typically translates to roughly 
two three-credit courses (Grossman et al., 2008). But for the 18 institutions 
and 31 childhood programs that prepare the majority of teachers for New 
York City schools (of which 26 are labeled “college-recommending” and 
5 as “early-entry”), this state-set minimum requirement did not translate 
into similar program requirements. In general, the programs required con-
siderably more literacy courses than the state-mandated floor: on average, 
teacher candidates must take 10.5 credits in English/language arts course-
work, substantially more than the 6 credits in English/language arts meth-
ods classes required by the state (Grossman et al., 2008).

Though the New York City programs generally require more English/
language arts coursework than the state requires, the variation among the 
programs is striking. One program requires no credits, while another re-
quires 39; the standard deviation in number of credits is 7.7—nearly three-
quarters the size of the mean number of credits. A similar pattern emerges 
from an examination of English/language arts methods credits in particular: 
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the standard deviation is 3.2, with programs requiring anywhere from zero 
to 15 credits (Grossman et al., 2008).

We learned more about the content of these courses through surveys 
of new teachers that probed what kinds of learning opportunities received 
the most and least emphasis in their preparation programs. New teachers in 
New York City reported that their programs typically emphasized learning 
about characteristics of emergent readers, studying or analyzing children’s 
literature, learning ways to build student interest and motivation to read, 
and learning how to activate students’ prior knowledge. By contrast, the 
topics and opportunities receiving the least emphasis included opportunities 
to explore New York State standards and assessments for fourth graders or 
the New York City English/language arts curriculum, and learning how to 
support older students who are learning to read (Grossman et al., 2008).

Descriptive Studies

We found a handful of studies that include some kind of description 
of English/language arts teacher training. One study analyzed secondary 
English/language arts methods courses across 81 universities and classified 
them into types, such as survey, workshop, or theoretical. The authors 
found a great degree of variability in the ways in which these methods 
courses were taught (Smagorinsky and Whiting, 1995). Research con-
ducted by the National Center for Research on Teacher Learning (1991) 
at Michigan State University focused in part on opportunities for learn-
ing about teaching writing and mathematics to diverse learners at seven 
teacher preparation programs of different types in the United States. This 
descriptive study (often called the TELT study, for Teacher Education and 
Learning to Teach) found considerable variation across the programs with 
respect to subject-specific teaching of writing. The authors cite fundamental 
differences in the substantive orientation of the program—either a “tradi-
tional management-oriented” program or a “reform” oriented on—as the 
source of the variation in program content and its effect on teacher practice 
(Kennedy, 1998).

There are several case studies of “exemplary” or “excellent” literacy 
teacher preparation programs that discuss various aspects of literacy pro-
gram components (e.g., International Reading Association, 2005). How-
ever, because these studies used different selection methodologies and asked 
different questions, we could not develop summative statements from them 
about the kinds of preparation that prospective teachers receive in the area 
of literacy.
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CONCLUSIONS

Our charge was to examine the extent to which teacher education 
programs draw on converging scientific evidence regarding the teaching 
of reading. However, we were able to find very little information about 
teacher education programs in general—except that they vary greatly—so 
we cannot answer this question well. The data available regarding the types 
of instruction and experiences that participants receive in teacher education 
programs do not provide a sufficient basis for any conclusions about the 
extent to which teacher preparation programs in reading draw on converg-
ing scientific evidence regarding the teaching of reading or other relevant 
aspects of literacy education.

Although our four-question framework had the effect of highlighting 
the relative dearth of empirical evidence about what teachers should know 
and how they should be prepared, we did find useful research. There is a 
reasonable body of empirical research concerning the question of what ef-
fective readers know and can do, though more information about English-
language learners and adolescent readers is needed. There is also empirical 
evidence about the instructional strategies that help students learn to read, 
but there is no definitive guidance that points to particular effective strate-
gies. The literature on what teachers need to know is extremely limited, and 
the empirical evidence on effective teacher preparation nearly nonexistent.

We did find considerable conceptual overlap across the four questions, 
and there have been concerted efforts by experts to provide guidance about 
both how to teach reading and how to prepare teachers to teach read-
ing given those conceptual connections. Researchers who have immersed 
themselves in these questions and expert panels that have sifted through 
various kinds of evidence have concluded that teachers of reading rely on a 
sophisticated understanding of the development of literacy, the many fac-
tors that influence it, and the array of strategies they can use, along with 
the capacity to keep collecting evidence as they refine their practice. Box 5-1 
highlights the way in which the foundational skills anchor thinking about 
each facet of teaching and learning reading by drawing together examples 
from the discussions of the four questions. These examples illustrate themes 
in the research on reading, but they do not offer a detailed picture of the 
knowledge and skills that would be most important to an individual teacher 
candidate, nor of how teachers ought to be taught. The work does support 
logical arguments about the kinds of educational experiences likely to be 
beneficial; see Appendix B for examples.

The preparation of future reading teachers should be grounded in the 
best available scientific literature related to literacy teaching and learning. 
Although there is a voluminous literature on reading, it does not provide 
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Box 5-1 
Teaching and Learning Reading—The Foundational Skills

The Foundational Skills:
Phonemic awareness, phonics, fluency, vocabulary, comprehension

Examples of Student Opportunities to Learn
Small-group instruction focused on, e.g., recognizing and manipulating 
phonemes 

Explicit instruction in, e.g., the systematic relationships between spoken sounds 
and letters

Guided oral reading

Independent reading

Examples of Teacher Knowledge and Skills
Understanding of the way the five foundational skills are integrated in fluent 
reading

Understanding of developmental benchmarks

Strategies for assessing and monitoring student progress

Strategies for systematic phonics instruction, e.g., synthetic phonics (children 
learn to convert letters or letter combinations into sounds and how to blend 
them into words)

Familiarity with literature appropriate to developmental levels

Examples of Teacher Opportunities to Learn
Coursework in the theoretical basis for the foundational reading skills

Guided practice in the university classroom 

Extended fieldwork 

Mentoring and peer feedback

Practice applying student data to classroom challenges
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an empirical basis for complete answers to all of our questions. We close 
the chapter with what we conclude can be drawn from this literature now 
and the areas in which further investigation is needed.

We found the strongest basis for conclusions about what students need 
to know and be able to do to be successful readers.

Conclusion 5-1: Successful beginning readers possess a set of founda-
tional skills that enable them not only to continue growing as readers 
but also to progress in all academic subjects. A variety of instructional 
approaches that address these foundational skills can be effective when 
used by teachers who have a grounding in the foundational elements 
and the theory on which they are based. 

The importance of those foundational skills supports conclusions about 
what is most important in the preparation of teachers of reading:

Conclusion 5-2: It is plausible that preparation in the nature of the 
foundational reading skills and research-based instructional approaches 
would improve teachers’ practice to a degree that would be evident in 
learning outcomes for their students. However, there is currently no 
clear evidence that such preparation does indeed improve teacher ef-
fectiveness or about how such preparation should be carried out.

Conclusion 5-3: There are very few systematic data about the nature 
of the preparation in reading that prospective teachers receive across 
the nation. The limited information that exists suggests that the nature 
of preparation of prospective teachers for reading instruction is widely 
variable both across and within states.

Conclusion 5-4: Little is known about the best ways to prepare pro-
spective teachers to teach reading. Systematic data are needed on the 
nature and content of the coursework and other experiences that con-
stitute teacher preparation in reading. 

Systematic data would make it possible to monitor and evaluate teacher 
preparation in reading and to conduct research on the relative effectiveness 
of different preparation approaches. The kind of data collection and effec-
tiveness research we envision would be focused in particular on preparation 
related to the foundational reading skills and the instructional approaches 
that have been shown to be effective in teaching reading. Examples of the 
sorts of research that are most needed include
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•	 �investigations of the development of teachers’ knowledge and skills 
as they progress from novices to accomplished reading teachers;

•	 �expansion of the array of tools for investigating the relationship 
between features of teacher education and teachers’ preparedness 
to teach;

•	 �efficacy studies and scale-up studies that use experimental or quasi-
experimental methods and measures; and

•	 �investigations of outcomes for teachers exposed to particular 
coursework and fieldwork.

We discuss the need for research more fully in Chapter 9.
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6

Preparing Mathematics Teachers

The preparation of mathematics teachers in the United States has 
been a topic of increasingly impassioned discussion in the last 20 
years. There is deep concern about the numeracy of the nation’s high 

school graduates, as well as concern about perceived shortages of highly 
qualified mathematics teachers. The organization of U.S. schooling as three 
stages—elementary (kindergarten through grade 4 or 5), middle (grade 5 
or 6 through 8), and secondary or high (grades 9 through 12)—presents 
particular challenges for mathematics education. Mathematics learning at 
each of these levels has a distinct character, reflecting the developmental and 
educational needs of different age groups. For teachers, this structure has 
meant that different sorts of preparation are required to teach each level. 
Most elementary teachers are prepared to teach all subjects, while teachers 
at the secondary level are prepared as specialists in a particular content 
area. Preparation for middle grades mathematics teachers varies from place 
to place, and certification requirements reflect the ambiguous status of 
middle school. For example, many states offer grade K-8 certification to 
teachers prepared as generalists, as well as grade 7-12 certification to those 
specifically prepared to teach mathematics.

Though the preparation of elementary, middle, and secondary level 
teachers may differ, expectations for all mathematics teachers have in-
creased steadily and dramatically over the last few decades. In particular, 
schools now try to teach more mathematics earlier than was the case even 
a decade ago. The most visible evidence of this change has been the push 
to encourage all high school students to take both 2 years of algebra and 
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1 year of geometry. Many districts and even some states have made it a goal 
that all students take algebra I by the 8th grade.

U.S. students are not yet, as a group, meeting the higher expectations of 
recent years. Trends in student achievement in mathematics, as measured by 
the National Assessment of Educational Progress (NAEP), have shown con-
siderable improvement since 1990, but the 2009 results showed that just 39 
percent of 4th graders and 34 percent of 8th graders are performing at or 
above the proficient level (National Center for Education Statistics, 2009). 
In the mathematics portion of the Third International Mathematics and 
Science Study (TIMSS), U.S. 4th and 8th graders scored above the median, 
but the nation was not among the top-performing nations (Gonzales et al., 
2008). A 1998 comparison of the performance of older students showed 
that U.S. students were among the lowest performing group of the 21 na-
tions in the study (National Center for Education Statistics, 1998).

At the same time, considerable evidence indicates that many teachers, 
especially in grades K-8, are not well prepared to teach challenging math-
ematics. The time allotted for mathematics content in the preparation of 
many elementary and middle school teachers is unlikely to be adequate, 
and many secondary school mathematics teachers (including those in the 
middle grades who are prepared as specialists) may also be receiving train-
ing that does not prepare them to teach advanced-level mathematics (e.g., 
algebra, geometry, and trigonometry). Mathematics teachers may also need 
specific preparation for the challenge of teaching mathematics in ways that 
engage all students and gives them a chance to succeed. Moreover, many of 
those who teach mathematics in U.S. secondary schools, especially in poor 
and underserved communities, lack appropriate certification and adequate 
content preparation. These concerns have been evident for a long time, and 
their persistence underscores the importance of assessing the status of the 
preparation of mathematics teachers.�

This chapter is organized as was the preceding one, beginning with 
a brief overview of the research base and then turning to our four key 
questions:

1.	 What do successful students know about mathematics?
2.	� What instructional opportunities are necessary to support success-

ful students?
3.	� What do successful teachers know about mathematics and how to 

teach it?

� When possible, we have addressed the differing needs of K-8 teachers of mathematics and 
secondary mathematics teachers, but we note that much of the literature focuses on the teach-
ers of younger students.
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4.	� What instructional opportunities are necessary to prepare success-
ful teachers?

We continue with what is known about how mathematics teachers are 
currently prepared, and we end the chapter with our conclusions.

THE RESEARCH BASE

The literature on which we could rely for this chapter was an amal-
gam of empirical research and other kinds of work. The community of 
mathematics educators and mathematicians has synthesized the intellectual 
principles of mathematics with insights from other fields (e.g., cognitive 
and developmental psychology), the practice-based wisdom of classroom 
teachers, and the available empirical research to develop guidelines for 
mathematics teaching and learning. The National Council of Teachers of 
Mathematics (NCTM), the National Research Council (NRC), the Confer-
ence Board of the Mathematical Sciences, and, most recently, the National 
Mathematics Advisory Panel have published some of the most widely 
known documents. Each of those documents is the product of extensive 
efforts to collaborate, develop consensus, and distill practical guidance 
from theoretical models as well as research, and we have relied heavily on 
them. The influence of the research in learning and cognition that we dis-
cuss in Chapter 4 is evident in the reports of those groups and the field of 
mathematics education generally. State standards and curricula have also 
provided outlines of the content and skills students are expected to master. 
Thus, we had an array of resources on which to draw, although the empiri-
cal base is less direct than that for reading. We have attempted to describe 
the research base on which the points we highlight rests.

QUESTION 1: What Do Successful Students 
Know About mathematics?

Looking first at what students ought to learn, we found numerous 
sources. As part of the standards movement that began in the 1980s, states 
developed mathematics standards, and, along with professional societies 
and other interest groups, have used a variety of approaches to arrive at 
descriptions of the fundamental mathematical skills and knowledge that 
the states believe students should be taught. Although these descriptions 
might seem similar to most people, they reflect important differences among 
mathematics educators, differences that have at times been contentious. 
Indeed, the phrase “math wars” has been used to describe the debate over 
what mathematics should be taught to K-12 students and how it should 
be taught. In particular, much debate has centered on the relative emphasis 
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that should be given to the mastery of basic skills and the development of 
conceptual understanding, though most state and other standards docu-
ments now acknowledge the importance of both.

In 1989, the NCTM became the first professional society to respond 
to the call for subject-matter standards when they released Curriculum and 
Evaluation Standards for School Mathematics. These standards were devel-
oped through a multiyear consensus process led by committees of NCTM 
members. This document was followed by companion documents on teach-
ing and assessment in mathematics, and the NCTM standards had a strong 
influence on the standards adopted by many states. A series of more recent 
publications have also been important.

Principles and Standards for School Mathematics (National Council of 
Teachers of Mathematics, 2000), which offered an update of the group’s 
earlier documents and was based on a more detailed review of the theory, 
research, and practice literature, has been particularly influential (also 
see Kilpatrick, Martin, and Schifter, 2003). Principles offers five content 
standards (number and operations, algebra, geometry, measurement, and 
data analysis and probability) and five process standards (problem solving, 
reasoning and proof, communication, connections, and representation). In 
this volume, the NCTM discusses its vision for achieving the 10 standards 
in four grade bands (pre-K through grade 2, grades 3-5, grades 6-8, and 
grades 9-12) and identifies six principles for school mathematics (equity, 
curriculum, teaching, learning, assessment, and technology). The high vis-
ibility of the NCTM standards is evident in the fact that nearly 85 percent 
of U.S. teachers surveyed as part of the Third International Mathematics 
and Science Study reported that they were familiar with them (though there 
is no hard evidence about whether the standards have changed teachers’ 
practice or even whether teachers have read them) (National Center for 
Education Statistics, 2003b).

In 2006, the NCTM released Curriculum Focal Points for Pre
Kindergarten Through Grade 8 Mathematics: A Quest for Coherence. This 
document provides explicit guidance as to the most important mathemat-
ics topics that should be taught at each grade level, identifying the “ideas, 
concepts, skills, and procedures that form the foundation for understand-
ing and using mathematics” (see http://www.nctm.org/standards/content.
aspx?id=270 [November 2009]). The document is designed to guide states 
and school districts as they revise their standards, curricula, and assess-
ment programs. As this report is being prepared, the NCTM has another 
task force at work on a companion document addressing high school 
mathematics. The NCTM documents stress that their standards are for 
all students, regardless of their interests or career aspirations. In general, 
the NCTM documents reflect an effort to achieve consensus among math-
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ematics teachers, mathematics educators, mathematicians, and education 
researchers, and they drew on the available research.

Another report, Adding it Up (National Research Council, 2001a), 
has also synthesized the available literature on mathematics learning. It 
used the topic of number as taught in grades pre-K through 8 as a focus in 
addressing the question of what constitutes mathematical proficiency. The 
report was based on a review of empirical research that met the committee’s 
standards for relevance, soundness, and generalizability, as well as other 
literature. The report notes that choices about the mathematics children 
should be taught are both reflections of “what society wants educated 
adults to know” and “value judgments based on previous experience and 
convictions [which] fall outside the domain of research” (p. 21). The report 
describes mathematical proficiency as having five intertwined strands: con-
ceptual understanding, procedural fluency, strategic competence, adaptive 
reasoning, and productive disposition.

Efforts to address high school preparation include the American 
Diploma Project sponsored by Achieve, Inc., which produced benchmarks 
for college readiness (see http://www.achieve.org/ [February 2010]), the 
College Board Standards for Success, and the Common Core Project spon-
sored by the National Governors Association and Council of Chief State 
School Officers, now under way.

In Foundations for Success, the National Mathematics Advisory Panel 
(2008) synthesized empirical research related to students’ readiness to suc-
ceed in algebra. The panel focused on studies that used a randomized control 
design or statistical procedures to compensate for deviations from that model. 
However, because there were not enough studies of that type to address all 
of the panel’s questions, other research was considered as well. We note that 
this was a different criterion than was used by the developers of the NCTM 
standards or the National Research Council panel, and these differences have 
contributed to differences among the various reports. Some have criticized 
Foundations for Success for relying on a base that was excessively thin (ex-
cluding descriptive studies, for example) and thus excluding valuable find-
ings. Others have supported the panel’s strict definition of research utility.� 
The panel addressed many aspects of mathematics education, and among its 
findings and recommendations are several regarding what students should 
learn. The panel focused on what was needed for students to be successful in 
learning algebra (National Mathematics Advisory Panel, 2008, p. xix):

To prepare students for Algebra, the curriculum must simultaneously 
develop conceptual understanding, computational fluency, and problem-

� For a discussion of this controversy, see the December 2008 issue of Educational Researcher, 
which was a special issue devoted to the report of the National Mathematics Advisory 
Panel.
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solving skills. Debates regarding the relative importance of these aspects 
of mathematical knowledge are misguided. These capabilities are mutually 
supportive, each facilitating learning of the other.

To identify the essential concepts and skills that prepare students for 
algebra coursework, the panel drew on a range of sources, including: the 
curricula for grades 1 through 8 from the countries that performed best 
on TIMSS, Focal Points (National Council of Teachers of Mathematics, 
2000), the six highest-rated state curriculum frameworks in mathematics, 
a 2007 survey of ACT, Inc., and a survey of algebra I teachers. The panel 
also reviewed state standards for algebra I and II, current school algebra 
and integrated mathematics textbooks, the algebra objectives in the 2005 
grade 12 assessment of the NAEP, the American Diploma Project stan-
dards from Achieve, Inc., and Singapore’s algebra standards. Based on all 
the information gathered and professional judgment, the panel identified 
what they called the critical foundation of algebra and the major topics 
of school algebra. The panel also stressed the importance of coherence 
across the curriculum and the establishment of logical priorities for each 
year of study.

All of these documents—Principles and Standards for School Math-
ematics, Curriculum Focal Points, Adding It Up, and Foundations for 
Success—attempt to answer questions about what successful mathematics 
students know. But none of the documents could rely on empirical re-
search that demonstrates that students who have mastered these domains 
of mathematical knowledge and skill are more productive or successful at 
their schoolwork or in life. As in any subject, standards for mathematics 
are collective decisions about which learning goals should take priority 
over others, not conclusions based on empirical evidence (though evidence 
of various sorts may influence the standards). Thus, the various descrip-
tions of the mathematics that should be taught in K-12 differ in both their 
perspective and the degree of detail they provide.

More important, the documents reflect important shifts in the think-
ing of mathematics education leaders about what students need to learn. 
Most notably, they show an increasing tendency to provide guidance that 
is both focused and concrete. They also reflect a growing consensus about 
the most important aspects of student learning in mathematics, which is 
based in part on the research on learning and thinking (see Chapter 4). 
For example, they reflect research that has identified the importance of 
learning with understanding, as opposed to memorizing isolated facts, and 
the importance of opportunities to engage in mathematical reasoning and 
problem solving. Both ideas have important implications for mathematics 
education, which we discuss below.

Every state has its own standards for mathematics, and there are sig-
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nificant differences among them (Raimi and Braden, 1998; Klein, 2005; 
National Research Council, 2008).� Although a detailed content analysis 
of the similarities and differences among these standards was beyond the 
scope of this committee’s work, it is clear from our review that a number 
of important themes are consistently identified as important. Although 
these themes are not exclusively based on empirical research, and they have 
evolved through a certain amount of struggle and disagreement, a reason-
able consensus has been achieved on the question of what mathematics 
students should be taught in grades K-8.

Unfortunately, the picture is much less clear for grades 9 through 12 
because the base of research on student learning related to secondary school 
mathematics topics and courses is relatively thin. Thus, the field tends to 
rely more heavily on professional judgment when deciding on curriculum 
for high school students. For example, views differ about the place of cal-
culus and statistics. Yet there is consensus that for students to be successful 
in high school mathematics courses, they need preparation in the basic 
topic areas—including number, operations, and fractions—and there is little 
disagreement that students also need to develop conceptual understanding, 
procedural fluency, and confidence in their capacity to learn mathematics.

In general, successful mathematics learning entails the cumulative de-
velopment of increasingly sophisticated conceptual understanding, proce-
dural fluency, and capacity for reasoning and problem solving.� Moreover, 
there is broad general agreement about the topics to be included in the 
curriculum for grades K-8, though the relative emphasis they should receive 
and their exact placement by grade is not settled.

QUESTION 2: What Instructional 
Opportunities are Necessary to Support 

Successful Mathematics STUDENTs?

Turning to the question of what sorts of instructional opportunities 
enable students to learn mathematics effectively, we found that useful guid-
ance comes from the research on how students learn. How Students Learn: 
History, Mathematics, and Science in the Classroom (National Research 
Council, 2005) summarizes the major findings from research on learning 
and cognition as they pertain to K-12 teaching and learning. This report 
builds on previous NRC syntheses of research on learning, particularly 

� As this report is being written, an effort to engage states in a collaboration to develop com-
mon standards in key academic subjects, sponsored by the National Governors Association 
and the Council for Chief State School Officers, is in its beginning stages.

� Progress in mathematics, as in any subject, is likely to depend in part on students’ motiva-
tion but this issue has not been a central theme in research related to teacher preparation.
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How People Learn (National Research Council, 2000a) (discussed in Chap-
ter 4), and both have been influential in mathematics education.

How Students Learn begins by applying three broad principles about 
learning to the teaching of mathematics: that engaging students’ prior con-
ceptions is critical to successful learning, that learning with understanding 
entails an integration of factual knowledge and conceptual frameworks, 
and that students need to learn how to monitor their learning. Thus, the 
authors assert that mathematics instruction should

•	 �build on and refine the mathematical understandings, intuitions, 
and resourcefulness that students bring to the classroom;

•	 �organize the skills and competencies required to do mathematics 
fluently around a set of core mathematical concepts; and

•	 �help students use metacognitive strategies when solving mathemat-
ics problems.

Addressing students’ existing ideas is important for two reasons. First, 
lingering misconceptions about mathematical concepts may interfere with 
learning. Second, students who believe, for example, that some people have 
the ability to “do math” and some do not, that mathematics is exclusively a 
matter of learning and following rules in order to obtain a correct answer, 
or that mathematics is exclusively a matter of reasoning (and does not also 
require considerable mastery of factual knowledge) are much more likely to 
struggle with mathematics, and perhaps give up on it. Thus, it is important 
that all students participate in activities that make their informal or naïve 
mathematical ideas and reasoning explicit so that they might examine—
along with their teachers—which aspects of their thinking are valid and 
which are not. More generally, instruction designed to help students bridge 
gaps between naïve conceptions and the mathematical understanding they 
need to develop is important.

With regard to organizing skills around mathematical concepts, How 
Students Learn stresses that, in order to succeed as mathematics becomes 
more complex through the school years, students develop “learning paths 
from more informal concrete methods to abbreviated, more general, and 
more abstract methods” (National Research Council, 2005, p. 232). Though 
mastering mathematical procedures is very important, instruction that em-
phasizes them at the expense of developing conceptual frameworks leaves 
students ill equipped for algebra and higher-level mathematics. Likewise, in-
struction that emphasizes conceptual understanding without corresponding 
attention to the development of skills may leave students unprepared for the 
skill-oriented aspects of higher-level mathematics. The report makes clear 
that there is no need to choose between the two: mathematical proficiency 
requires both, as well as attention to reasoning and problem solving. In 
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addition, instruction should help students develop the metacognitive skills 
and confidence to monitor and regulate their own mathematical thinking. 
For example, instruction that helps students use common errors as a tool 
for identifying misconceptions may support students’ development of prob-
lem-solving skills.

Adding It Up (National Research Council, 2001a) also addresses in-
struction, noting that debates about alternative approaches to teaching, such 
as traditional versus reform, or direct instruction versus inquiry, obscure the 
broader point that effective instruction is a successful interaction among three 
elements: teachers’ knowledge and use of mathematical content, teachers’ 
attention to and handling of the students, and students’ engagement in and 
use of mathematical tasks. Thus, while the instructional choices teachers 
make are important, the way they are carried out is equally so.

For example, Adding It Up cites research (e.g., Stein, Grover, and 
Henningsen, 1996; Henningsen and Stein, 1997) that a cognitively demand-
ing task may become routine if the teacher specifies explicit procedures 
for completing it or takes over the demanding aspects as soon as students 
appear to struggle. The TIMSS 1999 video study identified the ability to 
maintain the high-level demands of cognitively challenging tasks during 
instruction as the central feature that distinguished classroom teaching in 
countries with high-performing students from teaching in countries with 
lower performing students (including the United States) (National Center 
for Education Statistics, 2003c; Stigler and Hiebert, 2004). This research 
suggests that student engagement is fostered when teachers choose tasks 
that build on the students’ prior knowledge and guide them to the next 
level, rather than demonstrating exactly how to proceed, and that it is 
essential that students think through concepts for themselves. Other fac-
tors identified as effective include thoughtful lesson planning that tracks 
students’ developing understanding and allocation of sufficient time for 
students to achieve lesson goals.

The National Mathematics Advisory Panel made similar points, and it 
found no rigorous research to support claims that instruction that is either 
exclusively “teacher-centered” or exclusively “student-centered” is better. 
The panel did, however, find some evidence to support the effectiveness of 
cooperative learning practices and the regular use of formative assessment 
in elementary mathematics instruction as a tool for tailoring instruction to 
students’ needs. The panel called attention to the limited amount of rigor-
ous empirical research available to answer questions about mathematics 
teaching and learning, and it recommended a variety of research to test 
hypotheses about the most effective approaches.

In sum, there is growing agreement on the specifics of what students 
should be taught, but there are fewer specific answers as to the best ways 
to teach that material. Mathematics educators have established a clear 
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consensus, based on research evidence, that the development of mathemati-
cal proficiency requires continual instructional opportunities for students 
to build their understanding of core mathematical concepts, fluency with 
mathematics procedures, and metacognitive strategies to guide their own 
mathematical learning. However, there is little empirical evidence to sup-
port detailed conclusions about precisely how this is best accomplished.

QUestion 3: What do Successful Teachers Know 
ABOUT mathematics and how to teach it?

There is strong reason to believe that teachers’ knowledge and skills 
make a difference in their practice (Wenglinsky, 2002; Rockoff, 2004; 
Rivkin, Hanushek, and Kain, 2005; Clotfelter, Ladd, and Vigdor, 2007). 
Researchers have tried to disentangle the different kinds of knowledge 
about mathematics, about students, and about the learning process that 
teachers use (Ball, Lubienski, and Mewborn, 2001). Research that has 
searched for connections between straightforward—yet crude—measures of 
teacher knowledge (such as number of courses taken or degrees earned) and 
student learning has provided relatively little insight into questions about 
what skills and knowledge are most valuable for teachers (see Chapter 3). 
For example, research shows that high school students taught by mathe
matics majors outperform students taught by teachers who majored in some 
other field, but that research does not illuminate what it is that the teachers 
who majored in mathematics do in the classroom (Monk and King, 1994; 
Goldhaber and Brewer, 1997; Rowan, Chiang, and Miller, 1997; Wilson, 
Floden, and Ferrini-Mundy, 2001; Floden and Maniketti, 2005).

Beginning in the 1980s, a growing number of scholars looked to 
more qualitative research—largely based on interviews and classroom 
observations—to provide richer pictures of the mathematical thinking teach-
ers do when teaching. These studies supported the development of more 
nuanced descriptions of teachers’ knowledge and skills by illuminating the 
ways that the mathematical knowledge needed for teaching differs from 
the mathematical knowledge needed to succeed in advanced courses. The 
concept of pedagogical content knowledge gave a name to the knowledge 
of content as it applies to and can be used in teaching (see, e.g., Shulman, 
1986; Ball, Lubienski, and Mewborn, 2001).

Mathematicians have always played a critical role in defining the kinds 
of knowledge and skills that are most useful to mathematics teachers. Sev-
eral recent publications, including textbooks for aspiring elementary math-
ematics teachers, studies, and analytic essays, have laid out current thinking 
(e.g., Parker and Baldridge, 2003; Beckmann, 2004; Milgram, 2005; Wu, 
2007). For example, Wu (2007) argued that, at a minimum, teachers of 
grades 5-12 must be knowledgeable about the importance of definitions, the 
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ubiquity of reasoning, the precision and coherence of the discipline, and the 
fact that the concepts and skills in the curriculum are there for a purpose 
(how to solve problems). Ideally, he argues, teachers in the primary grades 
should know all these things, too, but pedagogical knowledge carries more 
weight for teachers of younger students. An additional obvious difference 
between the requirements for elementary teachers and high school teachers 
is that teaching older students carries a greater demand for both technical 
skills and abstract reasoning.

These developments in the understanding of mathematics teaching 
provide a critical framework for teacher education, although they do not 
provide empirical support for a concrete description of precisely how to 
teach mathematics (Ball, Lubienski, and Mewborn, 2001). However, the 
sophistication of this sort of analysis of classroom teaching provides a way 
to understand an exceptionally complex process. The combination of this 
descriptive work and analyses by mathematicians provides an invaluable 
component of the research base.

Many of the same sources that have offered visions of what students 
need to learn have also made recommendations as to what mathematics 
teachers need to know. These summary documents draw on the range of 
quantitative and qualitative research available, as well as on the profes-
sional judgment of scholars and practitioners.

The NCTM has developed professional standards for mathematics 
teachers to accompany their content standards (National Council of Teach-
ers of Mathematics, 1991). Similarly, states have developed standards for 
mathematics teachers, drawing on such resources as the standards from 
NCTM and the Interstate New Teacher Assessment and Support Consor-
tium (INTASC). The focus of these resources, however, is on ensuring that 
teachers have studied the material covered in the standards and curricula 
for students. They do not, for the most part, address others kinds of knowl-
edge and skills that might be important for teachers.

Adding It Up (National Research Council, 2001a) also describes the 
knowledge of mathematics, students, and instructional practices that are 
important for teachers. The report stresses that, to be effective, teachers 
not only need to understand mathematical concepts and know how to 
perform mathematical procedures, but also to understand the conceptual 
foundations of that knowledge; it is also important that they have strong 
confidence in their own mathematical competence. The report notes that 
a substantial body of work has documented the deficiencies in U.S. math-
ematics teachers’ base of knowledge—and that even when teachers under-
stand the mathematics content they are responsible for teaching, they often 
lack deeper understanding of the way mathematical knowledge is generated 
and established.

The Mathematical Education of Teachers, a report prepared by the 
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Conference Board of the Mathematical Sciences and published by Ameri-
can Mathematical Society and the Mathematical Association of America 
(2001), offers guidelines for the preparation of mathematics teachers and 
is arguably the primary document that guides departments of mathemat-
ics regarding the teaching of mathematics to future teachers. The report’s 
recommendations are grounded in the conviction that a central goal of 
preservice mathematics education is to develop teachers who have excel-
lent problem-solving and mathematical-reasoning skills themselves, and 
the report describes specific kinds of knowledge teachers at different grade 
levels need related to the topics they will teach their students. The report 
emphasizes how important it is that teachers understand links between the 
material taught in the early grades and more sophisticated concepts that 
will build on the earlier learning: it is not sufficient for teachers to master 
only the level of mathematics they will be teaching.

Moreover, the report observes that the challenges of teaching each level 
are distinct and require different preparation, as current certification require-
ments reflect. It notes in particular that teachers of middle grades mathe
matics often “have been prepared to teach elementary school mathematics 
and lack the broader background needed to teach the more advanced math-
ematics of the middle grades” (Conference Board of the Mathematical Sci-
ences, 2001, see http://www.cbmsweb.org/MET_Document/chapter_4.htm 
[November 2009]). 

The National Mathematics Advisory Panel also searched for evidence 
about the connections between teachers’ knowledge and instructional prac-
tice and student outcomes, and for evidence that particular instructional 
practices are effective. Citing evidence that variation in teacher quality 
may account for 12 to 14 percent of the variance in elementary students’ 
mathematics learning, the panel examined evidence of teachers’ knowledge 
that can be gleaned from certification, courses completed, and assessment 
results. Noting that these are imprecise measures, the panel nevertheless 
seconds the recommendation in Adding It Up, asserting that “teachers must 
know in detail the mathematical content they are responsible for teaching 
and its connections to other important mathematics” (National Mathemat-
ics Advisory Panel, 2008, p. xxi).

Thus, despite the lack of substantial and consistent empirical evidence, 
there is a growing consensus about the kinds of mathematical knowledge 
effective teachers have. Current research and professional consensus cor-
respond in suggesting that all mathematics teachers, even elementary teach-
ers, rely on a combination of mathematics knowledge and pedagogical 
knowledge:

•	 �mathematical knowledge for teaching, that is, knowledge not just 
of the content they are responsible for teaching, but also of the 
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broader mathematical context for that knowledge and the connec-
tions between the material they teach and other important math-
ematics content;

•	 �understanding of the way mathematics learning develops and of the 
variation in cognitive approaches to mathematical thinking; and

•	 �command of an array of instructional strategies designed to de-
velop students’ mathematical learning that are grounded in both 
practice and research.

QUESTION 4: What instructional 
opportunities are necessary to prepare 

successful mathematics teachers?

How might teachers best acquire the knowledge and skills they need? 
The work of Deborah Ball (1990, 1991, 1993) on the knowledge of elemen-
tary school teachers, as well as Liping Ma’s (1999) influential comparison 
of Chinese and American teachers, which built on Ball’s work, have sparked 
a renewal of interest among mathematicians and mathematics teacher edu-
cators in the preparation of mathematics teachers. Other resources include 
guidelines for preparation programs, as well as research regarding elements 
of preparation that can be linked to positive outcomes for students. Nev-
ertheless, there is relatively little empirical evidence to support guidelines 
for teacher preparation.

The report prepared by the Conference Board of the Mathematical Sci-
ences (2001) offers guidelines for teachers’ mathematics preparation.� The 
board’s guidance is based on available scholarship on mathematics educa-
tion and the judgment of professional mathematicians. The board’s report 
offered three specific recommendations:

1.	� Prospective elementary grade teachers should be required to take at 
least 9 semester-hours on fundamental ideas of elementary school 
mathematics.

2.	� Prospective middle grades teachers of mathematics should be re-
quired to take at least 21 semester-hours of mathematics, [includ-
ing] at least 12 semester-hours on fundamental ideas of school 
mathematics appropriate for middle grades teachers.

� The National Council on Teacher Quality (Greenberg and Walsh, 2008) also developed 
recommendations to guide programs, which address the content knowledge teachers should 
acquire, the need for higher admissions standards, the need for an assessment suitable for 
establishing that graduating teachers have mastered the requisite knowledge, the importance 
of linkage between content and methods courses as well as fieldwork, and the qualifications of 
mathematics teacher educators. The guidelines are based primarily on studies of course syllabi 
used in preparation programs.
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3.	� Prospective high school teachers of mathematics should be re-
quired to complete the equivalent of an undergraduate major in 
mathematics, [including] a 6-hour capstone course connecting their 
college mathematics courses with high school mathematics.

David Monk (1994) also examined the effects of course taking on 
teacher effectiveness, using data from the Longitudinal Survey of American 
Youth. He found that students whose teachers had taken more mathemat-
ics courses performed better on achievement tests than their peers whose 
teachers had taken fewer such courses. He also found that courses that 
addressed teaching methods showed an even stronger benefit. Floden and 
Meniketti (2005) summarized the findings of this and other research on 
the effects of undergraduate coursework on teachers’ knowledge. They 
identified studies that examined correlations between coursework and 
teacher performance and correlations between coursework and student 
achievement and those that examined the content knowledge of prospec-
tive teachers and studies that examined what teachers learn from par-
ticular courses. Many studies focused on mathematics, and they provided 
support for the claim that studying college-level mathematics has benefits 
for prospective secondary level teachers. However, the research provides 
little clear guidance as to what the content of the coursework should be 
and even less guidance about content preparation for teachers of lower 
grades. Floden and Meniketti also note that currently available measures 
of teacher knowledge and of student outcomes are imprecise tools for 
assessing the impact of teacher education (see also Wilson, Floden, and 
Ferrini-Mundy, 2001).

Ball, Hill, and Bass (2005) conducted an analysis of the role of math-
ematical knowledge and skills in elementary teaching in order to develop 
a “practice-based portrait of . . . mathematical knowledge for teaching” 
(p. 17). They then developed measures of this knowledge to use in link-
ing it to student achievement. The researchers argue that teachers need to 
have “a specialized fluency with mathematical language, with what counts 
as a mathematical explanation, and with how to use symbols with care” 
(p. 21). They found that teachers need not only to be able do the math-
ematics they are teaching, but to “think from the learner’s perspective and 
to consider what it takes to understand a mathematical idea for someone 
seeing it for the first time” (p. 21) (see also Hill, Rowan, and Ball, 2005). 
Through a longitudinal study of schools engaged in reform efforts, Ball and 
her colleagues were able to link 1st- and 3rd-grade teachers’ responses to 
the measure of professional knowledge with their students’ scores on the 
TerraNova assessment (Ball, Lubienski, and Mewborn, 2001). The results 
showed a significant relationship between students’ gains and their teachers’ 
degree of professional knowledge.
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This body of work clearly supports the intuitive belief that content 
knowledge is important. The research on student learning described above 
also supports the proposition that prospective mathematics teachers should 
study mathematics learning and teaching methods.�

Finally, a study of the preparation of middle school mathematics teach-
ers in six nations (Schmidt et al., 2007) follows up on findings from the 
1987 TIMSS study. That study had shown that, in general, middle school 
students in the United States were not exposed to mathematics curricula 
that were as focused, coherent, and rigorous as those in countries (includ-
ing Korea and Taiwan) whose students scored higher on TIMSS. Schmidt 
and his colleagues examined teacher preparation in those countries and 
found that training in the high-performing countries includes extensive 
educational opportunities in mathematics and in the practical aspects of 
teaching students in the middle grades.

The relevant body of work on what instructional opportunities are 
most valuable for mathematics teachers is growing but thus far is largely 
descriptive, and it has not identified causal relationships between specific 
aspects of preparation programs and measures of prospective teachers’ 
subsequent effectiveness. Nevertheless, the field of mathematics education 
has established a firm consensus that to prepare effective K-12 mathematics 
teachers, a program should provide prospective teachers with the knowl-
edge and skills described by the Conference Board of the Mathematical 
Sciences:

•	 a deep understanding of the mathematics they will teach,
•	 �courses that focus on a thorough development of basic mathemati-

cal ideas, and
•	 �courses that develop careful reasoning and mathematical “common 

sense” in analyzing conceptual relationships and solving problems, 
and courses that develop the habits of mind of a mathematical 
thinker.

� Ongoing research offers the prospect of further insights. For instance, McCrory and her 
colleagues are investigating the link between what is taught in college-level mathematics 
classes designed for elementary teachers and what prospective teachers understand about 
the mathematics they are taught (see McCrory and Cannata, 2007; see also http://meet.educ.
msu.edu/research.htm [February 2010]). Having surveyed 56 mathematics departments and 
79 instructors, she has found that, on average, elementary teachers are expected to take two 
mathematics classes, although this is increasing, especially for middle school certification. Her 
research also indicates that instructors are committed and enthusiastic, but not necessarily 
knowledgeable, about mathematics education.

Preparing Teachers: Building Evidence for Sound Policy

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/12882


118	 PREPARING TEACHERS

HOW mathematics teachers ARE CURRENTLY PREPARED

Concern about the adequacy of current teacher preparation in math-
ematics is unmistakable, and it is particularly sharp with regard to K-8 
teachers. Evidence from many sources suggests that many teachers do not 
have sufficient mathematical knowledge (see, e.g., Ball, 1991; Ma, 1999). 
Specifically, as Wu (2002) has observed, “we have not done nearly enough 
to help teachers understand the essential characteristics of mathematics: its 
precision, the ubiquity of logical reasoning, and its coherence as a disci-
pline” (p. 2). Furthermore, there is reason to believe that teachers lack other 
relevant professional knowledge as well, including mathematics-specific 
pedagogical knowledge.

We had two major sources of information about how teacher prepara-
tion in mathematics is currently being conducted—state requirements and 
coursework—although much of the information is somewhat indirect.

State Requirements

We begin with the requirements states have established for licensing 
mathematics teachers, which influence the goals teacher preparation pro-
grams set for themselves. According to data collected by Editorial Projects 
in Education, 33 of the 50 states and the District of Columbia require that 
high school teachers have majored in the subject they plan to teach in order 
to be certified, but only 3 states have that requirement for middle school 
teachers (data from 2006 and 2008; see http://www.edcounts.org/ [Febru-
ary 2010]). Forty-two states require prospective teachers to pass a written 
test in the subject in which they want to be certified, and six require passage 
of a written test in subject-specific pedagogy.

Limited information is available on the content of teacher certification 
tests. A study of certification and licensure examinations in mathematics by 
the Education Trust (1999) reviewed the level of mathematics knowledge 
necessary to succeed on the tests required of secondary mathematics teach-
ers. The authors found that the tests rarely assessed content that exceeded 
knowledge that an 11th or 12th grader would be expected to have and 
did not reflect the deep knowledge of the subject one would expect of a 
college-educated mathematics major or someone who had done advanced 
study of school mathematics. Moreover, the Education Trust found that 
the cut scores (for passing or failing) for most state licensure examinations 
are so low that prospective teachers do not even need to have a working 
knowledge of high school mathematics in order to pass. Although this 
study is modest, its results align with the general perception that state tests 
for teacher certification do not reflect ambitious conceptions of content 
knowledge.
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The prevalence of so-called out-of-field teachers, those who are not 
certified in the subject they are teaching, is another indication that states 
sometimes find it difficult to ensure that mathematics teachers are well 
prepared. We discuss this issue below.

Coursework

The Conference Board of the Mathematical Sciences (CBMS) conducts 
a survey every 5 years of undergraduate education in mathematics in the 
United States, and it includes some questions about the preparation of K-12 
mathematics teachers (Lutzer, Maxwell, and Rodi, 2007). The most recent 
report describes the complexity of developing a statistical profile of under-
graduate mathematics preparation programs because of their variation. 
However, Lutzer and colleagues report that 56 percent of programs have 
the same requirements for mathematics certification for all K-8 teachers of 
mathematics, regardless of the level (e.g., kindergarten or 8th grade) those 
candidates intended to teach. They also found that the average number of 
mathematics courses required for K-8 teachers was 2.1.

For teachers seeking K-8 mathematics certification, 4 percent of pro-
grams do not require any mathematics courses, 63 percent require one or 
two courses, 33 percent require three or four courses, and none requires five 
or more courses. In contrast, 58 percent of programs require five or more 
courses for teachers of the upper elementary grades.� Thus, most programs 
fall well short of the recommendations of The Mathematical Education of 
Teachers (Conference Board of the Mathematical Sciences, 2001), and some 
members of the mathematics community believe the subject-knowledge re-
quirements should be even more demanding than those recommendations.

With the analyses of Florida commissioned for our study, we were able 
to look in more detail at the average number of mathematics credits earned 
by Florida teachers by certification area: see Table 6-1. Although these data 
do not provide information about the content or nature of the coursework, 
they do suggest significant overall exposure to mathematics, corresponding 
roughly to 4 three-credit courses for elementary teachers, 15 courses for 
teachers certified for middle school mathematics, and 19 courses for teach-
ers certified for high school mathematics.�

� These results correspond to McCrory’s emerging results as well as the self-reports of 
new teachers surveyed as part of the Teacher Pathways Project being conducted by the 
University at Albany and Stanford University (see http://www.teacherpolicyresearch.org/
TeacherPathwaysProject/tabid/81/Default.aspx [February 2010]).

� One possible explanation for this relatively high number of courses—in comparison with 
those typical in other states and programs—is that if many of Florida’s courses are remedial 
or elementary in nature, they would be likely to meet frequently each week, thus yielding a 
high number of credit hours.
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In terms of the actual content of the coursework to which aspiring 
mathematics teachers are exposed, there are few sources.� The Education 
Commission of the States has assembled information about whether or not 
states require that teacher preparation programs align their curricula with 
the state’s K-12 curriculum standards or their standards for teachers (or 
both), which offers an indirect indicator (see http://www.ecs.org/). Of the 
50 states and American Samoa, the District of Columbia, Guam, Puerto 
Rico, and the Virgin Islands, 25 require alignment with both, and 16 have 
no policy for either (as of 2006); another 8 require only alignment with 
the K-12 curriculum, and 6 require only alignment with standards for 
teachers. 

A survey of first-year teachers in New York City that was part of our 
commissioned analysis included questions about their preparation and pro-
vides some additional hints about content (Grossman et al., 2008). Current 
elementary teachers and middle and secondary level mathematics teachers 
were asked about the extent to which their teacher preparation program 
gave them the opportunity to do and learn a variety of things, such as learn-
ing about the typical difficulties students have with aspects of mathematics. 
The new teachers rated their opportunities on a 5-point scale, with 1 being 
no opportunity and 5 being extensive opportunity. The teaching activities 
covered in the survey were described in short phrases, so few conclusions 

� Greenberg and Walsh conducted a study (National Council on Teacher Quality, 2007) in 
which they analyzed course syllabi and textbook content to gain a sense of the mathematics 
preparation provided to elementary teachers, but syllabi and textbook content are very inexact 
measures of course content.

TABLE 6-1  Mean Mathematics Credit Hours, Florida Mathematics 
Teachers

Certification Area
Math  
Education

Noneducation  
Math  
Credit Hours

Noneducation 
Statistics  
Credit Hours

Elementary School  
[N = 3,684]

  4.43   5.56 1.90

Middle School  
[N = 244]

14.42 27.27 3.84

High School  
[N = 216]

17.72 34.88 4.58

NOTE: Samples include only teachers with 100 or more known credit hours in university-
designated courses taken in Florida public community colleges and universities prior to their 
first year of teaching in Florida public schools.
SOURCE: Data from Sass (2008, Tables B10a, B10b, B10c).
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can be drawn about the extent to which they track with the kinds of ap-
proaches we describe above. Nevertheless, the teachers’ responses to sev-
eral of the questions that seem most congruent with the kinds of teaching 
advocated by the mathematics education community are suggestive: see 
Table 6-2. Elementary teachers reported taking an average of 1.81 courses 
in mathematics; they also reported having a modest exposure to learning 
about the difficulties their students might have with place value or algebra. 
Although the survey was small in scale, it does suggest that New York City 
teachers who graduated recently from a teacher education program do not 
receive extensive exposure to these elements.

Other evidence comes from a study in which the preparation of U.S. 
middle school mathematics teachers was compared with that of their coun-
terparts in other countries (Schmidt et al., 2007). The study, which com-
pared teachers’ knowledge and skills in mathematics and mathematical 
pedagogy, found that U.S. teachers scored in the middle or close to the 
bottom in comparison with teachers in the countries whose students per-
formed well on the TIMSS study. The results suggested possible differences 
in preparation across countries, and the study’s authors concluded that the 

TABLE 6-2  New York City Teachers’ Reported Exposure to Mathematics 
Preparation

Opportunity to Learn Mathematics Education 
Approach or Strategy Mean Response on 1-5 Scalea

Elementary Teachers
Learn typical difficulties students have with 

place value.
2.71

Practice what you learned about teaching 
math in your field experience.

3.26

How many courses did you take in the 
teaching of math at the college level?

1.81 [not on 5-point scale]

Secondary Teachers
Learn different ways that students solve 

particular problems.
3.34

Learn theoretical concepts and ideas 
underlying mathematical applications.

3.36

Learn about typical difficulties students have 
with algebra.

2.5

NOTE: Results are for teachers who attended an undergraduate teacher preparation program. 
Data are also available for teachers who followed other pathways.
 	 aA respondent who rated his or her exposure as a 3 would be indicating that it was roughly 
halfway between none at all and extensive.
SOURCE: Data from Matt Ronfeldt, University of Michigan (personal communication, 
2008).
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preparation available to U.S. teachers provided less “extensive educational 
opportunities in mathematics and in the practical aspects of teaching math-
ematics to students in the middle grades” (Schmidt et al., 2007, p. 2). The 
researchers were not able to use representative samples of teachers in each 
country; they relied on convenience samples. A comparative study of math-
ematics teachers’ preparation and mathematical knowledge using national 
probability samples is currently being conducted by the International As-
sociation for the Evaluation of Educational Achievement (see http://www.
iea.nl/teds-m.html [November 2009]).

Many students, particularly at the secondary level, are taught math-
ematics by teachers who are not certified in that subject (because of a dearth 
of certified teachers), and these teachers are likely to have taken even fewer 
courses in mathematics than certified mathematics teachers. The problem 
is more acute in mathematics than in other subjects. The National Center 
for Education Statistics (2003a) reports that in the 1999-2000 school year, 
23.0 percent of middle school students and 10.1 percent of secondary stu-
dents were taught mathematics by a teacher who was not certified to teach 
mathematics and had not majored in it. (Note that the grades encompassed 
by middle school, as well as the requirements to teach at that level, vary.) 
Using data from the Schools and Staffing Survey, Richard Ingersoll (2008) 
found that 38 percent of the teachers who taught mathematics to grades 7 
through 12 did not have either a major or a minor in mathematics, math-
ematics education, or a related field. The problem is greatest in high-poverty 
schools, where students are approximately twice as likely to have a math-
ematics teacher who is not certified in the subject. A study of the effects of 
teachers’ credentials on student achievement (Clotfelter, Ladd, and Vigdor, 
2007) provides evidence that students whose teachers are certified in the 
subject they teach achieve at higher levels than students whose teachers are 
not, particularly in algebra and geometry.

At the state level, there is other evidence of out-of-field teaching. The 
California Council on Science and Technology (2007) conducted an analy-
sis of career pathways for that state’s mathematics and science teachers. 
They found that 10 percent of middle school and 12 percent of high school 
mathematics teachers were teaching out of field, and that 40 percent of 
novice high school mathematics teachers were not well prepared (defined 
as lacking a preliminary credential). The percentages are highest in low-
performing and high-minority schools. They also found that California 
lacks the capacity to meet the growing demand for fully prepared math-
ematics (and science) teachers and that the state is not collecting the data 
necessary to monitor teacher supply and demand.

Our review of these disparate sources of information leaves us with a 
reasonably firm basis for concluding that many, perhaps most, K-8 math-
ematics teachers are not adequately prepared, either because they have not 
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received enough mathematics and pedagogical preparation or because they 
have not received the right sort of preparation; the picture is somewhat less 
clear for middle and high school teachers. There is relatively scant specific 
information about precisely what it is that teacher preparation programs 
do, or fail to do, but there is relatively good evidence that mathematics 
preparation for prospective teachers provides insufficient coursework in 
mathematics as a discipline and mathematical pedagogy. Some might sug-
gest that, given the prevalence of out-of-field mathematics teachers, raising 
standards for aspiring teachers may exacerbate shortages, particularly in 
high-poverty areas. The committee’s view is that the more relevant question 
is whether there are shortages of adequately prepared teachers.

CONCLUSIONS

From our review of what mathematics teacher preparation programs 
ought to be doing, and the information we could find about what they are 
doing, three key points seem clear. First, there is a strong basis for defin-
ing clear expectations for teacher preparation programs for mathematics 
content and pedagogy, on the basis of some research and the considered 
judgments of mathematicians and mathematics educators. Second, the lim-
ited information available suggests that most programs would probably not 
currently meet those expectations. Third, systematic data about the content 
of mathematics teacher preparation are sorely lacking.

Regarding what students need to know, mathematicians and math-
ematics educators are in accord that successful mathematics learning is 
most likely when core topics in school mathematics and the five strands 
of mathematical proficiency identified in Adding It Up (conceptual under
standing, procedural fluency, strategic competence, adaptive reasoning, 
and productive disposition) are interwoven at each level of schooling, and 
students are provided with a coherent curriculum in which clear objectives, 
based on a logical conception of the mathematics learning trajectory, guide 
each year of mathematics study. This proposition has logical implications 
for teacher preparation.

Conclusion 6-1: It is plausible that to provide students with the instruc-
tional opportunities they need to develop successfully in mathematics, 
teachers need preparation that covers knowledge of mathematics, of 
how students learn mathematics, and of mathematical pedagogy, and 
that is aligned with the recommendations of professional societies.

We particularly note the importance of the knowledge and skills de-
scribed in Chapter 2 of The Mathematical Education of Teachers (Con-
ference Board of the Mathematical Sciences, 2001). However, there is 
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currently no clear evidence that particular approaches to preparation do 
indeed improve teacher effectiveness, nor clear evidence about how such 
preparation should be carried out.

Because strong preparation in both mathematics content and math-
ematics pedagogy are important, it seems logical that the preparation of 
mathematics teachers should be the joint responsibility of faculties of edu-
cation and mathematics and statistics. We recognize that this is not a simple 
matter because of the many competing demands that face faculty in these 
fields, but we believe that close collaboration among mathematics faculty 
and mathematics education faculty is the only realistic means of provid-
ing the necessary preparation. Such collaboration could both promote re-
search designed to improve the education of teacher candidates and provide 
teacher candidates with an education that seamlessly integrates mathemat-
ics learning and pedagogical learning.

The data regarding what is currently happening in teacher preparation 
for mathematics is extremely limited, but the information that is available 
clearly indicates that such preparation is not sufficient. That is, because 
it appears that many preparation programs fall short of guidelines such 
as The Mathematical Education of Teachers recommendations, it is likely 
that:

Conclusion 6-2: Many, perhaps most, mathematics teachers lack the 
level of preparation in mathematics and teaching that the professional 
community deems adequate to teach mathematics. In addition, there 
are unacceptably high numbers of teachers of middle and high school 
mathematics courses who are teaching out of field.

Given the limited evidence base about the effectiveness of different 
approaches to preparing teachers of mathematics and about the nature of 
current preparation approaches, additional research is needed: 

Conclusion 6-3: Both quantitative and qualitative data about the pro-
grams of study in mathematics offered and required at teacher prepara-
tion institutions are needed, as is research to improve understanding of 
what sorts of preparation approaches are most effective at developing 
effective teachers.
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7

Preparing Science Teachers

Much is expected of U.S. science teachers. Student achievement in 
science, engineering, and technology is directly linked in public 
discourse with the nation’s economic prospects. Moreover, the 

landscape of what science teachers might be expected to know and be able 
to do is very large. Depending on the grades they teach, science teachers 
may be expected to be knowledgeable about basic ideas and content from 
at least five academic disciplines: biology, chemistry, earth science, mathe
matics, and physics. They are expected to have a facility with different 
kinds of scientific inquiry and also, like any teacher, to possess pedagogical 
content knowledge—that is, to understand how students learn particu-
lar content and how to teach it.

Fortunately, there is a large body of scholarship on teaching and learn-
ing science, although it is largely descriptive and only a small portion of 
it is directly relevant to the committee’s charge, which was to consider the 
extent to which the coursework and experiences required of prospective 
science teachers are consistent with converging scientific evidence. As with 
the other two subjects, we first describe the research base and then present 
the evidence using four questions:

1.	 What do successful students know about science?
2.	� What instructional opportunities are necessary to support success-

ful students?
3.	� What do successful teachers know about science and science 

teaching?

Preparing Teachers: Building Evidence for Sound Policy

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/12882


126	 PREPARING TEACHERS

4.	� What instructional opportunities are necessary to prepare success-
ful teachers?

THE RESEARCH BASE

Although there is a wealth of material on science learning and teaching, 
a recent committee that considered science learning and teaching described 
this work as mostly “short in duration and limited in scope, focusing on a 
few students or a few classrooms, [examining] some small part of the vast 
domain of science” (National Research Council, 2007, p. 212). The report 
adds that science learning is complex and that “the research on learning 
cannot be reduced to a few ‘what works’ bullets without losing much of 
its value” (p. 212). We are greatly indebted to the work of this and several 
past National Research Council (NRC) committees that have produced a 
number of reports that were extremely useful to us.

First, National Science Education Standards (National Research 
Council, 1996) provided a definitive resource for the question of what 
students need to learn about science. These standards were designed as a 
way to coordinate and update previous science standards that had been 
developed by the National Science Teachers Association (NSTA) and the 
American Association for the Advancement of Science (AAAS).

Another key resource for our committee was Taking Science to School 
(National Research Council, 2007). This report summarized the evidence 
and drew conclusions from the research on science learning and on how sci-
ence should be taught in K-8 classrooms. The report drew on many sources 
of evidence about science and learning and built on findings from previous 
NRC reports on learning in young children as well as older children and 
adults, mathematics learning, and assessment. The report synthesizes dis-
parate sources of insights related to science education, such as work that 
describes the building blocks of science learning in young children, and that 
maps the development of proficiency in different aspects of science.�

These and other reports, as well as meta-analyses conducted by Davis, 
Petish, and Smithey (2006) and by Shroeder and colleagues (2007), were 
particularly useful to us in meeting our charge of identifying consensus in 
the field and considering the extent to which teacher preparation programs 
in science reflect that consensus.� In general, however, we note that the 
literature on science education includes more professional judgments and 

� The opening chapter of Taking Science to School provides a detailed discussion of trends 
in scholarship on science learning.

� A report from the Carnegie Corporation of New York and the Institute for Advanced Study 
(2009) draws on a variety of sources to make recommendations regarding teacher quality and 
preparation, standards for student achievement, and other issues.
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reasoning about what students and teachers should know than empirical 
research. Interestingly, less empirical research is available in this field than in 
the other two we examined. In general, the field of science education is cur-
rently dominated by discussions and plausible recommendations regarding 
what students and teachers should know, but our confidence in those recom-
mendations is tempered by the limited descriptive and experimental empiri-
cal evidence that supports them. This circumstance positions the field well 
for important research on teaching and teacher education in the future.

QUESTION 1: What Do Successful 
Students Know About SCIENCE?

There is no research that directly addresses the question of what stu-
dents should know. Instead, as in other fields, educators rely on the judg-
ments of experts to determine what should be taught. Although the value 
of studying science for those who do not intend to pursue a career that 
requires scientific knowledge and skills is not widely appreciated, consider-
able attention has been paid to the question of what science proficiency for 
all students should mean. This attention is especially important in the con-
text of evidence that U.S. students’ performance in science on international 
comparative studies has remained stagnant and is below that of many of 
the nation’s economic competitors.

The 2007 results of the Third Trends in International Mathematics and 
Science Study (TIMSS) show no improvement in the overall performance 
of U.S. 4th or 8th graders since the 1995 TIMSS. Looking only at the per-
centages of U.S. students who performed at or above the advanced level 
in science, performance has declined for both grades since 1995 (National 
Center for Education Statistics, 2007). Results from the Programme for 
International Student Assessment (PISA) for 2006 show that, overall, U.S. 
students performed below the average for the 57 participating countries, 
though the percentage of U.S. students performing at the highest level was 
comparable to that of countries with much higher overall scores. The PISA 
results indicated that socioeconomic differences accounted for much of the 
disparity in U.S. students’ science performance (Organisation for Economic 
Co-operation and Development, 2007). Thus, we look first at the argu-
ments for viewing proficiency in science as important for all students. We 
then look at science standards more generally.

Science for All Students

Taking Science to School (National Research Council, 2007) addresses 
the question of what science all children should be expected to learn. The 
report, which focuses on K-8 science education, argues that educators un-
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derestimate what young children are capable of as students of science and 
calls for extensive rethinking of how teachers are prepared. Taking Science 
to School argues that science is an essential component of K-8 education 
for several reasons:

•	 �Science is a significant part of human culture and represents one of 
the pinnacles of human thinking capacity.

•	 �It provides a laboratory of common experience for development of 
language, logic, and problem-solving skills in the classroom.

•	 �A democracy demands that its citizens make personal and com-
munity decisions about issues in which scientific information plays 
a fundamental role, and they hence need knowledge of science as 
well as an understanding of scientific methodology.

•	 �For some students, it will become a life-long vocation or avocation.
•	 �The nation is dependent on the technical and scientific abilities of 

its citizens for its economic competitiveness and national needs.

Thus, the report makes clear that science education is important for all 
students, regardless of their interests and aspirations, because it prepares 
them to understand and evaluate information and to use evidence when 
making decisions. AAAS makes a very similar argument in Science for All 
Americans (American Association for the Advancement of Science, 1991), a 
consensus-based report that reflects the judgments of a broad array of scien-
tists and science educators. The report asserts that a “science-literate person 
is one who is aware that science, mathematics, and technology are inter
dependent human enterprises with strengths and limitations; understands 
key concepts and principles of science; is familiar with the natural world 
and recognizes both its diversity and unity; and uses scientific knowledge 
and scientific ways of thinking for individual and social purposes.”

In considering what students need to learn about science, Taking Sci-
ence to School hoped to move beyond the dichotomy between content 
knowledge and skills, arguing that these two elements are completely inter-
twined in the study and practice of science. To develop science proficiency 
is to acquire a body of knowledge while also learning how knowledge is 
“extended, refined, and revised” (National Research Council, 2007, p. 26). 
The report stresses the value of science literacy even for those who do not 
ultimately enter a science-related career because students need to under-
stand science as a process and to recognize the precise scientific meanings 
of words that have different meanings in everyday usage, such as theory, 
hypothesis, data, evidence, and argument (National Research Council, 
2007).

The report identifies four strands of scientific proficiency as impor-
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tant for all students, arguing that successful students (National Research 
Council, 2007, p. 2):

1.	� “Know, use, and interpret scientific explanations of the natural 
world”—they acquire facts and conceptual structures that incorpo-
rate those structures, and use them to understand many phenomena 
in the natural world.

2.	� “Generate and evaluate scientific evidence and explanation”—they 
have the knowledge and skills to build and refine models based 
on evidence, including designing and analyzing empirical inves-
tigations and using empirical evidence to construct and defend 
arguments.

3.	� “Understand the nature and development of scientific knowl-
edge”—they recognize that science is a particular kind of knowl-
edge with its own sources, justifications, and uncertainties; and 
that predictions or explanations can be revised on the basis of new 
evidence or a new conceptual model.

4.	� “Participate productively in scientific practices and discourse”—
they understand the norms of the practice of science and how to 
participate in scientific debates or adopt a critical stance, and are 
willing to ask questions.

A National Academies report, Rising Above the Gathering Storm (Na-
tional Academy of Sciences, National Academy of Engineering, and Institute 
of Medicine, 2007), also addressed the importance of science, technology, 
engineering, and mathematics (STEM) education in the United States, with 
a particular focus on high school preparation. The report grounds its argu-
ment in the need for skilled workers to fuel economic growth, asserting that 
the nation needs to prepare a large pool of students to enter STEM majors 
in college. The report concludes that all students should have access to a 
solid foundation of science coursework in high school. Without a doubt, the 
proposition that a strong science, or STEM, education is fundamental for 
all students has been widely embraced by policy makers, as a recent issue of 
Technology Counts demonstrates (Editorial Projects in Education, 2008).

Science Standards

The report describing the National Science Education Standards, was 
developed through a multiyear consensus process with input from scientists 
and science educators, organizations, and the public (National Research 
Council, 1996). The report provides content standards for students, inte-
grated into a broader vision encompassing teaching, teacher preparation, 
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and other elements.� The standards have been widely accepted as the model 
for the standards used in many states, though other science standards are 
also available, such as the online “compendium of content standards and 
benchmarks” developed by McREL (see http://www.mcrel.org/compendium/
SubjectTopics.asp?SubjectID=2 [November 2009]).

The standards are grounded in a set of overarching principles that per-
meate all of the specific standards, including the premise that “science is for 
all students [and] that learning science is an active process, and that school 
science [should] reflect the intellectual and cultural traditions that charac-
terize the practice of contemporary science” (National Research Council, 
1996, p. 19). The document offers standards for teachers, professional de-
velopment, and high-quality science programs, for science assessment, and 
for the content that students should know. The standards follow the lead 
of the earlier AAAS benchmarks (American Association for the Advance-
ment of Science, 1993) in making scientific inquiry an organizing theme in 
the expectations for learning (see also the 2004 NSTA position statement, 
http://www.nsta.org/about/positions/inquiry.aspx [October 2009]). All three 
documents note that inquiry takes different forms in different contexts, 
but that it encompasses the ways scientists make observations and collect 
evidence, use findings to explain and predict, and engage in critical think-
ing. All three documents also emphasize that students must learn both the 
concepts and principles of science and the abilities associated with inquiry.

National Science Education Standards begins with a unifying standard 
that applies across grades K-12, concerning the “understanding and abili-
ties associated with major conceptual and procedural schemes [that] need 
to be developed over an entire education, [and that] transcend disciplin-
ary boundaries” (National Research Council, 1996, p. 104). The other 
standards are organized by age bands covering grades K-4, 5-8, and 9-12, 
and cover “inquiry; the traditional subject areas of physical, life, and earth 
and space sciences; connections between science and technology; science 
in personal and social perspectives; and the history and nature of science” 
(p. 104).

The document stresses that the standards were developed as a coherent 
framework and that all of their elements should be included in any curricu-
lum that is based on them. For each content goal, the report describes fun-
damental abilities and concepts that underlie each standard. For example, 
one standard for earth and space science for grades 5-8 is that students 
should develop an understanding of the structure of the earth system. One 
of 11 fundamental concepts identified as part of that understanding is that 

� A detailed description of integrated, coherent systems for science education can be found 
in Systems for State Science Assessment (National Research Council, 2006).
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“The solid earth is layered with a lithosphere; hot convecting metal; and 
dense, metallic core” (National Research Council, 1996, p. 159).

The states also have their own standards, which, along with curriculum 
and assessment documents, make the performance expectations for stu-
dents at particular grade levels more precise. States have also felt pressure 
to revise their science standards in response to the requirement in the No 
Child Left Behind Act, which mandated that by the 2007-2008 school year 
they establish assessments for grades 3-5, 6-9, and 10-12 that are linked to 
rigorous content and performance standards.

An assessment of states’ standards was outside the scope of our charge, 
but we note that they vary dramatically, and that, in general, they do not 
align well to national standards (Porter, 2009). States’ science standards 
have been the subject of various critiques that argue either that some states 
emphasize factual knowledge at the expense of intellectual rigor or, alterna-
tively, that some have focused on inquiry at the expense of content (Gross 
et al., 2005; National Research Council, 2006). For example, according to 
Editorial Projects in Education (2006), 27 states had “clear, specific” stan-
dards that were “grounded in content” for the elementary grades in 2007, 
32 had such standards for the middle grades, and 27 had such standards for 
high school. Critics have also suggested that few state science assessments 
address the kinds of deep understanding that science educators emphasize 
and have therefore had a negative impact on instruction.

Overall, there is a growing consensus that all students should be pro-
vided with a rigorous science education, in the sense advocated by the 
AAAS and others—that is, one that develops in-depth understanding of 
the most important topics (American Association for the Advancement 
of Science, 1991). The consensus from the National Science Education 
Standards and the other documents cited above is that science education 
should encompass:

•	 �content in the physical, life, and earth and space sciences, organized 
around the big conceptual ideas of the discipline;

•	 �the intellectual processes essential to science, such as inquiry, hands-
on empirical investigation, use of evidence, and interpretation and 
analysis; and

•	 �familiarity with the nature and history of science and its applica-
tions outside the classroom and laboratory.

The NSTA, NRC, AAAS, and Achieve, Inc., are currently collaborating 
to develop “science anchors” to build on the existing national standards in 
science. The anchors will establish top priorities for science education and 
they are now being used as part of the Common National Standards Project 
(see http://scienceanchors.nsta.org/ [November 2009]).
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The National Science Education Standards were developed through 
a consensus process that considered the views of hundreds of people—
including nationally known researchers and educators, college faculty, K-12 
teachers and administrators, and scientists and engineers. State standards 
are developed in a similar way. These documents are not the product of 
empirical testing of hypotheses about outcomes for students exposed to dif-
ferent kinds of science learning: rather, they draw on research, accounts of 
exemplary practice, and the contributors’ own experiences. Thus, standards 
are a detailed description of what the field of science education has identi-
fied as the foundation of science proficiency for K-12 students.

Learning Progressions and the Big Ideas of Science

The concept of learning progressions—descriptions of the stages of 
student learning—has had a significant influence on thinking about suc-
cessful science learning (National Research Council, 2006, 2007; Smith et 
al., 2006; Corcoran, Mosher, and Rogat, 2009). This idea draws on the 
cognitive research (discussed in Chapter 4) that has characterized learn-
ing as entailing not just the accumulation of facts but also the developing 
capacity to integrate knowledge and skills for use in solving problems and 
responding to new situations and information. Scientific knowledge is 
highly structured, and there are important links among different branches 
of science. Thus, a critical aspect of science learning is the development of 
an increasingly sophisticated understanding of how one’s growing knowl-
edge base is structured.

Primary scientific concepts—such as that the natural world is com-
posed of a number of interrelated systems—are one of the most important 
organizing structures in science. They “have broad explanatory scope . . . 
and are the source of coherence among the various concepts, theories, prin-
ciples, and explanatory schemes within a discipline” (National Research 
Council, 2006, p. 40). These primary concepts, or “big ideas,” as they 
have come to be called, provide a fruitful way to organize curriculum and 
instruction. Researchers have examined the way students’ understanding 
builds sequentially in a number of specific topic areas and have begun 
developing explicit descriptions of the stages through which understanding 
grows—“learning progressions.” To use an example in Systems for State 
Science Assessment (National Research Council, 2006, p. 45), “before stu-
dents can understand that organisms get energy from oxidizing their food, 
they must understand that energy can change from one form to another.” 
These ideas allow educators to map their instruction to this empirically 
based model of learning. Researchers have traced learning progressions for 
a small number of domains; many more remain to be mapped.
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QUESTION 2: What Instructional Opportunities are 
Necessary to Support Successful SCIENCE STUDENTs?

What sorts of instructional experiences can help students meet the 
ambitious goals described in the national science education standards? 
Relatively little research is available to provide definitive answers to this 
question. Indeed, it might be said that far more is known about the kinds 
of instructional opportunities that are not necessary—because the results 
of numerous large- and small-scale studies of science achievement suggest 
that they are not effective. In an overview of research on science learning, 
(Anderson, 2007, p. 5) noted: “researchers in science education . . . gener-
ally agree on one central finding about current school practice: our institu-
tions of formal education do not help most students to learn science with 
understanding” [emphasis in original].

In this section we review what we found about the sorts of experiences 
that researchers and practitioners have identified as important to successful 
science learning. We look first at the guides to teaching practice included in 
standards documents and at other sources.

Standards

The National Science Education Standards (National Research Coun-
cil, 1996) does not explicitly address the question in the way that we have 
framed it, but, in support of its focus on conducting scientific inquiry, the 
document offers many examples and details that demonstrate how students 
can be taught. Also useful is a supplement to the standards, a practical 
guide for teaching and learning that focuses on inquiry and highlights key 
relevant issues and research findings (National Research Council, 2000b). 
It identifies some relevant general findings about learning, such as that 
understanding science is more than knowing facts and that students build 
new knowledge and understanding on what they already know and believe. 
This report identifies several features of science inquiry in the classroom as 
essential (National Research Council, 2000b, p. 29):

•	 �The “learner engages in scientifically oriented questions,” for ex-
ample, by posing questions for investigation, rather than answering 
questions generated by the teacher.

•	 �The “learner gives priority to evidence in responding to questions,” 
for example, by determining what constitutes evidence and collect-
ing it, rather than being given data and instructions as to how to 
analyze it.

•	 �The “learner formulates explanations for the evidence,” for exam-
ple, by summarizing and considering it, rather than being provided 
with evidence and guided in how to explain it.
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•	 �The “learner connects explanations to scientific knowledge,” for ex-
ample, by independently examining other knowledge resources and 
forming links, rather than having possible connections explained.

•	 �The “learner communicates and justifies explanations,” for ex-
ample, by developing logical arguments, rather than by being given 
steps.

The standards also describe standards for teaching and for science 
programs, from which we infer that, to meet the standards, students need, 
in addition to exposure to all of the content standards, opportunities to 
(National Research Council, 1996, pp. 31, 43):

•	 �participate in a community of science learners and engage in dis-
course about scientific ideas; and 

•	 �engage in extended scientific investigations, with access to science 
materials, media, and other technological resources.

The standards for new science teachers developed by the Interstate New 
Teacher Assessment and Support Consortium (INTASC) (2002), which are 
based on the national standards, provide some additional insights into the 
experiences science students need to have, again grounded in expert judg-
ment rather than empirical research. For example, one core standard for 
beginning teachers identified by INTASC is that “the teacher of science 
understands and uses a variety of instructional strategies to encourage stu-
dents’ development of critical thinking, problem solving, and performance 
skills” (Interstate New Teacher Assessment and Support Consortium, 2002, 
p. 4). By design, these standards echo the national standards in asserting 
that “multiple modes of instruction” are needed to be sure that students 
have the opportunity to “collect, organize and recall information, design 
and conduct investigations, examine assumptions, make inferences, make 
generalizations, present structured arguments, and apply new information 
to existing natural and technological phenomena” (p. 28).

Other Sources

The question of what sorts of instructional opportunities are neces-
sary to foster science learning is also taken up in Taking Science to School, 
and this report also draws on the National Science Education Standards. 
It proposes that “to develop proficiency in science, students must have the 
opportunity to participate in [a] full range of activities” (National Research 
Council, 2007, p. 251), including
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•	 conducting investigations;
•	 sharing ideas with peers;
•	 specialized ways of talking and writing;
•	 mechanical, mathematical, and computer-based modeling; and
•	 development of representations of phenomena.

Because children bring sometimes naïve understanding of the natural 
world and scientific concepts to the classroom, the report explains, “in-
struction needs to build incrementally toward more sophisticated under-
standing and practices . . . prior knowledge should be evoked and linked to 
experiences with experiments, data, and phenomena” (National Research 
Council, 2007, p. 251). (This issue is discussed further below in the context 
of teachers’ knowledge.)

Some research that examines outcomes for students exposed to par-
ticular instructional practices and opportunities is also available. In a 
meta-analysis of research on the effects of teaching strategies� on stu-
dent achievement in science, Shroeder and colleagues (2007) offer limited 
confirmation of the consensus-based recommendations noted above. The 
researchers identified mostly quasi-experimental studies that included in-
formation about effect sizes or the statistics necessary to calculate effect 
sizes.� Eight instructional strategies were found to have positive effects 
and significant (that is, unlikely to be attributable to chance) effect sizes: 
see Box 7-1. However, there were almost no experimental studies, and the 
quasi-experimental studies were limited in number: the authors found only 
15 studies about information technology, 12 studies about inquiry, and 3 
studies about questioning. Thus, the studies do not necessarily establish 
causal links between these strategies and student achievement. Shroeder 
and colleagues (2007, p. 1438) concluded that multiple studies have shown 
“that teachers have a profound effect on student learning,” but that iden-
tifying the specific factors that influence outcomes “is problematic.” For 
example, although there is widespread agreement that pedagogical content 
knowledge is a very important component of an effective teacher’s ap-
proaches, there is little research that directly links it to particular student 
outcomes. In part, this is because the measures of such concepts as teacher 
knowledge are imprecise and limited in their reliability. Moreover, research 
on effective science instruction tends to be small in scale and descriptive; 

� “Strategies” refers to actions or approaches that teachers take in interacting with students, 
such as asking them questions designed to elicit certain kinds of thinking. In the context of 
reading/language arts education, “strategies” is generally used to refer to actions or thinking 
that educators encourage students to engage in, such as articulating the questions they have 
about a text.

� In Shroeder et al. (2007), the quasi-experimental category included both studies with no 
randomization and studies with partial randomization.
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BOX 7-1 
Science Teaching Strategies with Positive Effect Sizes

Manipulation strategies. Teachers provide students with opportunities to work or 
practice with physical objects (e.g., developing skills using manipulatives or ap-
paratus, drawing or constructing something).

Enhanced materials strategies. Teachers modify instructional materials (e.g., re-
writing or annotating text materials, tape recording directions, simplifying labora-
tory apparatus). 

Assessment strategies. Teachers change the frequency, purpose, or cognitive 
levels of testing/evaluation (e.g., providing immediate or explanatory feedback, 
using diagnostic testing, formative testing, retesting, testing for mastery).

Inquiry strategies. Teachers use student-centered instruction that is less step-by-
step and teacher-directed than traditional instruction; students answer scientific 
research questions by analyzing data (e.g., using guided or facilitated inquiry 
activities, laboratory inquiries).

Enhanced context strategies. Teachers relate learning to students’ previous ex-
periences or knowledge or engage students’ interest through relating learning to 
the students’/school’s environment or setting (e.g., using problem-based learning, 
taking field trips, using the schoolyard for lessons, encouraging reflection).

Instructional technology strategies. Teachers use technology to enhance instruc-
tion (e.g., using computers, etc., for simulations; modeling abstract concepts and 
collecting data; showing videos to emphasize a concept; using pictures, photo-
graphs, or diagrams).

Collaborative learning strategies. Teachers arrange students in flexible groups 
to work on various tasks (e.g., conducting lab exercises, inquiry projects, 
discussions).

SOURCE: Information from Shroeder and colleagues (2007, pp. 1445-1446).

there have been very few large-scale attempts to systematically compare 
the effects of different instructional approaches on student achievement 
(Cohen, Raudenbush, and Ball, 2003).

Shroeder and colleagues also describe findings that support the general 
approach described in the national science education standards and else-
where, noting that “no one strategy is as powerful as utilizing a combined 
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strategies approach,” and that “in an environment in which [students] can 
actively connect the instruction to their interests and present understand-
ings and . . . experience collaborative scientific inquiry . . . achievement will 
be accelerated” (p. 1452). They also found that teaching strategies identi-
fied as innovative (as opposed to traditional), such as enhanced context, 
collaborative learning, and questioning strategies, had more positive influ-
ences on achievement than traditional approaches (though the researchers 
found no studies on direct instruction).

Other studies have examined factors that may affect science learning, 
such as students’ attitudes and motivation, the role of language and scien-
tific discourse, gender and diversity, and classroom learning environments 
(see, e.g., Gabel, 1994; Abell and Lederman, 2007). This body of work 
offers intriguing suggestions about factors that may have significant effects 
on students’ science learning, but little that one could point to as necessary 
instructional opportunities.

In short, there is relatively little empirical evidence that connects the 
content of science standards to essential instructional opportunities or 
that establishes the benefits of particular types of instruction for student 
learning. However, there is a clear inferential link between the nature of 
what is in the standards and the nature of classroom instruction. Instruc-
tion throughout K-12 education is likely to develop science proficiency if it 
provides students with opportunities for a range of scientific activities and 
scientific thinking, including, but not limited to: inquiry and investigation, 
collection and analysis of evidence, logical reasoning, and accumulation 
and application of information. The opportunity for students’ learning to 
progress logically over time and to build the capacity to link new informa-
tion to existing conceptual frameworks is also very important.

QUestion 3: What do Successful Teachers 
Know ABOUT SCIENCE and HOw to teach it?

The knowledge and skills students need to develop in order to be pro-
ficient in science encompass material from several academic disciplines and 
should be accumulated through the entire K-12 progression. Thus, an indi-
vidual science teacher would not be expected to develop mastery of all of 
the content described in the national science education standards, but would 
focus on the standards for the age groups and subjects he or she intends 
to teach. Yet logic suggests that even teachers of elementary students need 
a basic familiarity with the big picture of science. Grossman, Schoenfeld, 
and Lee (2005) note the commonsense proposition that, “teachers should 
possess deep knowledge of the subjects they teach” (p. 201). It seems prob-
able that in order to foster understanding of connections, address students’ 
questions and misconceptions, and so on, teachers would need to have the 
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confidence and competence that come with mastery of some college-level 
science. However, we are cautious in drawing this conclusion because no 
direct empirical evidence is available on this point. Nevertheless, a variety 
of sources offer perspectives on what effective science teachers know. We 
begin with standards documents published by national organizations and 
then consider other sources.

Professional Standards for Beginning Science Teachers

The National Science Education Standards document stresses the cen-
tral importance of what teachers bring to the classroom; thus, the document 
actually begins with standards for teachers. The standards for teachers are 
framed as descriptions of what effective teachers do: see Box 7-2 (National 
Research Council, 1996). These standards are consistent with the kinds of 
objectives that have been identified as important for any teacher (discussed 
in Chapter 3), but they also reflect specific objectives for science learning.

The standards pay particular attention to the role of assessment as a 
tool for teachers to use in improving their own practice, providing critical 
feedback to their students, and planning their lessons. The report (National 
Research Council, 1996) includes standards for the use of both formative 
and summative assessments.�

The National Science Teachers Association (2003) has published stan-
dards for science teacher preparation that are based on, and designed to be 
consistent with, the National Science Education Standards. This document 
describes detailed standards for new teachers in science content, the nature 
of science, inquiry, science- and technology-related issues, general teaching 
skills, capacity to plan and implement a science curriculum, capacity to 
relate science to the community, assessment, capacity to promote safety and 
welfare (including proper handling of animals and materials), and capacity 
to sustain their own professional growth.

The Model Standards in Science for Beginning Teacher Licensing 
and Development, standards for beginning science teachers developed by 
INTASC (Interstate New Teacher Assessment and Support Consortium, 
2002), are in line with the teacher preparation standards of both National 
Science Education Standards and the NSTA standards—and all are the 
product of the general professional consensus within the field of science 
education. INTASC’s 10 principles are listed in Box 7-3.

The three standards documents overlap and provide differing levels of 
detail about what new teachers need to have mastered. Davis, Petish, and 
Smithey (2006) conducted a content analysis of the national and INTASC 

� Other NRC reports (National Research Council, 2001b, 2006) provide further detail about 
the role of assessment in science education systems.
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standards and also reviewed 112 articles related to expectations for new 
science teachers. They identified five main areas in which the standards 
agree that teachers must have competence in order to be effective in the 
classroom: the content and disciplines of science, the characteristics and 
needs of science learners, instruction, learning environments, and profes-
sionalism (the capacity to foster their own development and be contributing 
members of a learning community).

These standards for science teachers are based on professional consen-
sus and limited evidence about science teaching practices and how children 
learn scientific concepts and processes. They are not based on evidence that 
if teacher preparation programs are guided by or meet these standards, 
K-12 students will have higher achievement. We note, as we have elsewhere, 
that this approach to identifying standards for professional education is an 
accepted method of identifying the goals to which programs should aspire, 
though the lack of supporting empirical evidence reduces our confidence in 
conclusions about this approach.

BOX 7-2 
National Science Education Standards for Teachers

•	 �Plan an inquiry-based science program—e.g., identify goals, adapt content 
and curriculum to meet students’ needs; select teaching and assessment 
strategies that support understanding.

•	 �Guide and facilitate learning—e.g., focus, support, and model scientific inqui-
ries, orchestrate classroom discourse following scientific traditions of reason-
ing and application of evidence.

•	 �Engage in ongoing assessment of their own teaching and of student learning—
e.g., use multiple methods to collect data and accurately analyze, apply, and 
report data.

•	 �Design and manage learning environments that provide students with the time, 
space, and resources they need—e.g., allow time for extended investigations, 
ensure a safe working environment, and identify and use available resources 
in and out of school.

•	 �Develop communities of science learners that reflect the intellectual rigor of 
scientific inquiry and the attitudes and values conducive to science learning—
e.g., display and demand respect for diverse ideas and skills, nurture collabo-
ration, structure and facilitate formal and informal discussion based on shared 
understanding of science discourse.

•	 �Participate actively in ongoing planning and development of the school science 
program.

SOURCE: National Research Council (1996, p. 4).
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BOX 7-3 
INTASC Principles for Beginning Science Teachers

Principle 1: The teacher of science understands the central ideas, tools of inquiry, 
applications, structure of science and of the science disciplines he or she teaches 
and can create learning activities that make these aspects of content meaningful 
to students. 

Principle 2: The teacher of science understands how students learn and develop 
and can provide learning opportunities that support students’ intellectual, social, 
and personal development.

Principle 3: The teacher of science understands how students differ in their ap-
proaches to learning and creates instructional opportunities that are adapted to 
diverse learners. 

Principle 4: The teacher of science understands and uses a variety of instructional 
strategies to encourage students’ development of critical thinking, problem solving, 
and performance skills.

Principle 5: The teacher of science uses an understanding of individual and group 
motivation and behavior to create a learning environment that encourages positive 
social interaction, active engagement in learning, and self-motivation. 

Principle 6: The teacher of science uses knowledge of effective verbal, nonverbal 
and media communication techniques to foster active inquiry, collaboration, and 
supportive interaction in the classroom. 

Principle 7: The teacher of science plans instruction based upon knowledge of 
subject matter, students, the community, and curriculum goals. 

Principle 8: The teacher of science understands and uses formal and informal 
assessment strategies to evaluate and ensure the continuous intellectual, social 
and physical development of the student.

Principle 9: The teacher of science is a reflective practitioner who continually 
evaluates the effects of his/her choices and actions on others (students, parents, 
and other professionals in the learning community) and who actively seeks out 
opportunities to grow professionally. 

Principle 10: The teacher of science fosters relationships with school colleagues, 
parents, and agencies in the larger community to support students’ learning and 
well-being.

SOURCE: Information from Interstate New Teacher Assessment and Support Consortium 
(2002, pp. 14-33).
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Other Sources

Some researchers have examined links between teacher characteristics 
and student learning in science. Davis, Petish, and Smithey (2006) reviewed 
112 studies that examined new teachers’ practices and understandings. For 
the most part, the reviewed articles were descriptive in nature (most were 
qualitative), with discussion limited to what the teachers know and do 
in their classrooms. However, a few studies suggest that three areas have 
demonstrated effects on teacher practice or student learning.� For example, 
teachers with greater content knowledge may ask more demanding ques-
tions and be “more likely to engage in sophisticated teaching practices” 
(Davis, Petish, and Smithey, 2006, p. 622). By contrast, those with less 
secure content knowledge “tended not to engage in conceptual-change 
teaching that accounted for and tried to address students’ initial ideas . . .” 
(p. 626).

A small number of studies also indicate that teachers who are par-
ticularly concerned about classroom management tend to be less likely to 
use reform-oriented teaching practices. Studies that examined the relation-
ship between teachers’ self-efficacy and classroom practices showed that 
“teachers with higher self-efficacy engage students in more student-centered 
lessons, believe that students are capable of learning through cooperation 
and experiences, and develop more as science teachers” (Davis, Petish, and 
Smithey, 2006, p. 631).

The knowledge and practices necessary to successfully teach science 
are also discussed in Taking Science to School (National Research Council, 
2007). The report grounds its discussion of what teachers need to know 
in findings from research on learning and development that elucidate the 
progressive nature of science learning. The authors found that students’ 
thinking about a given topic grows in sophistication over time and that in-
struction (and curricula) have generally not accounted for the ways students 
gradually accumulate both knowledge and understanding. In order for the 
concepts and reasoning with which students enter school to evolve into 
the science knowledge described in standards, the authors argue, teachers 
must understand the levels of intermediate understanding through which 
students need to pass.

Taking Science to School also describes a range of instructional prac-
tices that support students in developing proficiency in the four strands 
of science proficiency (described above), and it offers strategies for ap-
plying them with students of different ages. These strategies include, for 
example, designing experiments, applying theories to make sense of data, 

� We caution that these findings are based on a relatively small number of studies; see Davis, 
Petish, and Smithey (2006) for details about their methodology.
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and constructing scientific explanations and models. But the larger point 
the report makes is that both learning theory and small-scale studies of sci-
ence instruction support the conclusion that instructional approaches that 
involve learners in scientific practice will naturally engage students in the 
specific elements of learning content and learning to think scientifically that 
are described in the national science education standards.

Taking Science to School also cites the limited evidence that postsec-
ondary study of science is associated with student achievement. A 1983 
meta-analysis (Druva and Anderson, 1983) found a positive relationship 
between student achievement and the number of science courses their teach-
ers had taken. Monk (1994) presents data from a longitudinal survey that 
addressed this issue for both science and mathematics and also identified 
positive effects. Taking Science to School notes that it is difficult to pinpoint 
an “optimal” amount of coursework in science content but that the effects 
of teachers’ subject-matter knowledge seem to be greater for older students 
than younger ones. The report also notes that if college coursework were 
better aligned with school curricula, the effects might be more pronounced. 
The report presents findings from case studies that teachers with less con-
tent knowledge are less confident and effective at particular skills, such as 
sustaining an in-depth discussion or addressing student questions accurately 
and effectively (see, e.g., Hashweh, 1987; Carlsen, 1992, 1998; Sanders, 
Borko, and Lockard, 1993).

Taking Science to School also addresses the importance of understand-
ing learners and learning, suggesting that teachers need to understand 
what students do when they learn, as well as the types of experiences that 
produce engagement and conceptual understanding. A variety of studies 
indicate that it is important for teachers to have accurate mental models 
of the way students learn and to understand social and other factors that 
may influence learning. Unfortunately, this research has yet to provide clear 
guidance that specific knowledge and skills in these areas are associated 
with benefits for students.� Similarly, the report discusses the importance of 
pedagogical content knowledge, but it acknowledges that “while the logic 
of subject matter knowledge for teaching is persuasive, there is almost no 
empirical link between specialized teacher subject matter knowledge and 
student learning” (National Research Council, 2007, p. 305). We return to 
the question of pedagogical content knowledge below.

Our review of the literature uncovered very little in the way of empiri-

� Another NRC report provides further elaboration of the ways students learn science and 
how understanding of their conceptual development is critical to effective science teaching. 
How Students Learn: History, Mathematics, and Science in the Classroom (National Research 
Council, 2005) applied to specific academic subjects the findings from an earlier report, How 
People Learn (National Research Council, 2000a), that synthesized recent developments in 
cognitive science regarding learning (described in Chapter 5).
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cal evidence that particular knowledge and skills are essential for science 
teachers to be effective, although we note that existing research has not 
been designed to answer this question authoritatively. Yet, as with the in-
structional opportunities students need, we see a clear logical justification 
for the largely inference-based arguments made in standards for science 
teachers and other consensus documents: that to teach students the knowl-
edge and skills required for science proficiency, teachers need knowledge 
and skills that are congruent with them. The field of science education has 
established a logical case, bolstered by some empirical evidence, that the 
following attributes help teachers provide students with the instructional 
opportunities they need to develop science proficiency:

•	 �grounding in college-level study of the science disciplines suitable 
to the age groups and subjects they intend to teach, which develops 
understanding of the big conceptual ideas in science;

•	 �understanding of multifaceted objectives for students’ science 
learning;

•	 �understanding of the ways students develop science proficiency; 
and

•	 �command of an array of instructional strategies designed to develop 
students’ learn the content, intellectual conventions, and other at-
tributes essential to science proficiency, also known as pedagogical 
content knowledge.

QUESTION 4: What instructional opportunities are 
necessary to prepare successful SCIENCE teachers?

With regard to our final question, how teachers might be prepared to 
teach in the ways we have described, there is very little empirical evidence 
and less in the way of consensus recommendations from the field than for 
our other questions.

Looking first at the limited available research, Davis, Petish, and 
Smithey (2006) found aspects of preparation that may support the devel-
opment of effective science teachers. They found, for example, that either 
simple exposure to a greater number of undergraduate science courses or 
exposure to methods courses can build teachers’ sense of self-efficacy (con-
fidence and sense of themselves as effective practitioners). Other studies 
suggest that courses that use the same general strategies advocated for K-12 
classrooms—such as eliciting preconceptions, fostering inquiry—yielded 
teachers better equipped to use these same approaches, and that “simply 
requiring more science content courses is not enough to enable teachers to 
develop improved understanding of science content and inquiry and the 
nature of science” (p. 633).
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With regard to teaching methods, Davis and colleagues also found 
some studies that suggest that for elementary teachers, training in planning, 
organizing instruction around important scientific ideas, and coteaching all 
appear to help teachers improve their attitudes toward science, boost their 
expectations of their students, and provide effective learning environments. 
They found indications that fieldwork helps teachers “develop more sophis-
ticated ideas about science instruction and acquire self-efficacy as science 
teachers” (p. 635).

Lederman and colleagues (2001, p. 139) examined the effectiveness of 
interventions designed to “make [the nature of science] a pervasive theme 
throughout” a year of preservice instruction, and “to emphasize the impor-
tance of intentionally planning, teaching, and assessing students’ concep-
tions of [the nature of science].” A small group of teacher candidates were 
followed in their first experience of full-time student teaching. The authors 
identified four factors as having the greatest influence on these teachers’ 
classroom practice: their initial understanding of the nature of science, 
knowledge of the subject matter they taught, pedagogical knowledge, and 
intention to focus on the nature of science.

The National Science Education Standards (National Research Coun-
cil, 1996) offers standards for professional development, which are tightly 
linked to those we have already discussed for student learning and for 
teaching. However, the report has little to say about preservice education. 
The report recommends that preparation for science teachers include the 
same elements recommended broadly for K-12 students, such as active 
investigations and strategies to build on teachers’ current understanding. 
Taking Science to School (National Research Council, 2007) also addresses 
teachers’ opportunities to learn through both professional development 
and preservice education. Like the standards, it recommends preparation 
designed to promote the kind of instruction it describes for K-12 students, 
grounded in general research on critical features of teacher preparation.

Researchers and faculty concerned with science education for under-
graduate students have identified similar goals. For example, faculty from 
several departments have collaborated through a project at the University of 
California at Los Angeles to promote science education that includes hands-
on research for undergraduates who are not science majors (see http://www.
cur.org/publications/AIRE_RAIRE/ucla.asp [October 2009]). Though the 
program has the goal of promoting science proficiency for all students, it 
addresses the concern often voiced by the science education community, 
that K-12 teachers will teach as they have been taught and therefore need 
improved undergraduate science preparation. Similar concerns for under-
graduate faculty are reflected in the goals of another program, Faculty 
Institutes for Reforming Science Teachers (FIRST), which engages college 
faculty in professional development designed to promote “active, inquiry-
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based teaching” that will improve students learning (Lundmark, 2002; 
see also http://first.ecoinformatics.org/ [October 2009]). The program is 
designed to help college faculty approach their teaching in the same way 
they approach their disciplinary research and thus help students learn the 
way science is practiced (see also Handelsman et al., 2004; Ebert-May and 
Hodder, 2008). These recommendations and programs build on earlier 
work, such as reports from the National Center for Improving Science 
Education (Loucks-Horsley et al., 1989, 1990), which note the importance 
of both a strong liberal arts preparation and strong undergraduate science 
instruction for all teachers.

We have little basis on which to offer specific findings about what sorts 
of instructional experiences teachers need. It seems probable that in order 
to foster understanding of connections and address students’ questions 
and misconceptions, among other goals, teachers must have the confidence 
and competence that come with mastery of some college-level science, but 
the lack of causal evidence tempers our confidence in this conclusion. It 
also highlights the need for research that explores the causal nature of this 
relationship.

HOW SCIENCE teachers ARE CURRENTLY PREPARED

Partly because the advocated approaches for teacher preparation are 
complex and multifaceted, it is difficult to determine whether current pro-
grams are implementing any of the ideas the field has advocated. We could 
find no systematic information on the content or practices of preparation 
programs or requirements for science teachers across the states.

We looked for data on states’ efforts to guide science teaching through 
either their certification requirements for science teachers or their licensure 
requirements for teacher preparation institutions. We found very little in-
formation about how states are using their authority to regulate teachers’ 
qualifications or the characteristics of teacher preparation programs, but 
the hints we could find provided little indication that they are taking full 
advantage of this authority. According to data collected by Editorial Proj-
ects in Education, 33 of the 50 states and the District of Columbia require 
that high school teachers have majored in the subject they plan to teach in 
order to be certified, but only 3 have that requirement for middle school 
teachers (data from 2006 and 2008, see http://www.edcounts.org/ [October 
2009]). Forty-two states require prospective teachers to pass a written test 
in the subject in which they want to be certified, and six require passage of 
a written test in subject-specific pedagogy.

The Education Commission of the States has assembled information 
about whether or not states require that teacher preparation programs 
align their curricula with the state’s K-12 curriculum standards or their 
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standards for teachers (see http://www.ecs.org/ [October 2009]). These data 
(updated to 2006) show that of the 50 states, American Samoa, the District 
of Columbia, Guam, Puerto Rico, and the Virgin Islands, 25 require both, 
6 have no policy for either, 8 require only alignment with the K-12 curricu-
lum, and 6 require only alignment with standards for teachers.

Data on so-called out-of-field teachers, those who are not certified 
in the subject they are teaching, provide another indication that states 
are finding it difficult to ensure that all of their science teachers are well 
prepared. Unfortunately, the only data available are almost a decade old, 
although there is no reason to believe the situation has improved. The Na-
tional Center for Education Statistics reports that in the 1999-2000 school 
year, 17 percent of middle school students and seven percent of secondary 
students were taught science by a teacher who was not certified to teach 
science and had not majored in science (see http://nces.ed.gov/programs/
coe/2003/pdf/28_2003.pdf [October 2009]). Using data from the Schools 
and Staffing Survey, Ingersoll (2003) found that 28 percent of the teachers 
who taught science to grades 7 through 12 “did not have at least a minor in 
one of the sciences or in science education” (p. 14). Teachers of the physical 
sciences were significantly more likely to be teaching out of field than were 
biology teachers. In rural areas there are particular problems with recruit-
ing adequately prepared science teachers, covering all science subjects, and 
providing adequate professional development and support for teachers in 
each discipline (Education Development Center, 2003). Because these cir-
cumstances are not unusual, many educators have advocated special prepa-
ration for this role, such as a degree in natural sciences that covers biology, 
chemistry, earth sciences, and physics. Some institutions have adopted this 
policy, including some in the California state university system, particularly 
for prospective teachers who intend to teach middle school.

These indicators provide only very indirect information about our ques-
tion, however. For a more detailed look at actual course-taking patterns and 
other information about preservice science preparation, we had a limited 
amount of state-specific information. The California Council on Science 
and Technology (2007) conducted an analysis of career pathways for that 
state’s mathematics and science teachers. The report found that 9 percent of 
both middle and high school science teachers were teaching out of field and 
that even larger numbers of novice high school science teachers (35 percent) 
are not well prepared because the lack a preliminary credential. The per-
centages were highest in low-performing and high-minority schools. They 
also found that California lacks the capacity to meet the growing demand 
for fully prepared science (and mathematics) teachers and that the state is 
not collecting the data necessary to monitor the supply of and demand for 
these teachers. However, the analysis did not examine the content of science 
teacher preparation.

Preparing Teachers: Building Evidence for Sound Policy

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/12882


PREPARING SCIENCE TEACHERS	 147

We also commissioned analyses from Florida and New York City 
(Grossman et al., 2008 Sass, 2008). Table 7-1 below shows the average 
number of science credits earned by Florida science teachers, by certification 
area (although the data do not provide information about the content or 
nature of the coursework). On average, elementary teachers earned about 
13 credit hours in science and engineering, corresponding to slightly more 
than four courses. Secondary teachers certified in chemistry and biology 
earned an average of 70 and 64 credit hours, respectively, in science and 
engineering, corresponding to roughly 23 and 21 courses. For both elemen-
tary and secondary teachers, more than three-quarters of the science and 
engineering credit hours came from outside the School of Education.

The analysis of the preparation of teachers in New York City public 
schools (Grossman et al., 2008) included surveys of teacher preparation 
program completers and individuals in their first or second year of teach-
ing about various aspects of their preparation. The surveys included items 
about preparation in science for elementary teachers and middle and high 
school science teachers.

The survey of first-year teachers in New York City included some ques-
tions about their preparation in science. The teachers were asked about 
the extent to which their teacher preparation program gave them the op-
portunity to do and learn a variety of things, such as hands-on activities 
for teaching scientific concepts. They rated their opportunities on a 5-point 
scale, with 1 being no opportunity and 5 being extensive opportunity. These 
teachers’ responses to several of the questions that seem most congruent 
with the kinds of teaching advocated by the science education community 
are suggestive; they are shown in Table 7-2. Although the survey was small 
in scale, it does suggest that New York City teachers who graduated re-
cently from a teacher education program do not report extensive exposure 
to the elements advocated by the science education community.

Despite these hints, we do not have the information that would be 
needed to draw conclusions regarding the types of instruction and experi-
ences that aspiring science teachers receive in teacher education programs. 
Therefore, we cannot tell how consistently teacher preparation programs 
in science draw on the converging scientific evidence regarding the teaching 
of science.

CONCLUSION

In our review of the literature pertaining to the preparation of science 
teachers we found some intriguing research, most of it carried out on tightly 
focused topics and on a small scale, and a compelling logical case for an 
integrated approach to science education—one that incorporates factual 
knowledge, scientific inquiry, and the nature of science. The National 
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Science Education Standards, now more than 10 years old, have been 
widely accepted and are influential, and they provide a solid grounding for 
this case that is bolstered by similar documents from the professional soci-
eties. The National Science Education Standards document was based on 
a comprehensive effort to establish consensus among a broad-based group 
of those with expertise and experience in science education, drawing on 
research wherever possible, and we see no reason to question its content. If 
one accepts the consensus-based standards from the field, many inferences 
about the knowledge and skills that will benefit teachers flow logically from 
its detailed descriptions of the elements of science proficiency.

Despite our concerns about the areas that have not received adequate 
research attention, we believe that the field has made a strong argument for 
the approach to science education laid out in the national science education 
standards. Regarding what students need to know, the field has advocated 
that all K-12 students receive a science education that encompasses:

•	 content in the physical, life, and earth and space sciences;
•	 �the intellectual processes essential to science, such as inquiry, hands-

on empirical investigation, use of evidence, and interpretation and 
analysis; and

•	 �familiarity with the nature and history of science and its applica-
tions outside the classroom and laboratory.

TABLE 7-2  New York City Teachers’ Reported Exposure to Science 
Preparation

Opportunity to Learn Science Education Approach Mean Response on 1-5 Scalea

Learn hands-on activities for teaching science 
concepts 3.02

Learn how to facilitate student learning in small 
groups, such as laboratory groups 3.03

Learn how to use tasks or “discrepant events” to 
show how preconceptions can be incorrect 2.39

Learn how to encourage scientific inquiry 2.81

Practice what you learned about teaching science in 
your field experience 2.66

NOTES: Results are for teachers who attended an undergraduate teacher preparation program. 
See Grossman and colleagues (2008) for data on teachers who followed other pathways.
	 aA respondent who rated his or her exposure as a 3 would be indicating that it was roughly 
half-way between none at all and extensive.
SOURCE: Data from Matt Ronfeldt, University of Michigan (personal communication 
2008).
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Regarding the instructional experiences that students need to develop 
proficiency in science, the consensus in the field is that students need oppor-
tunities throughout their K-12 education to engage in a range of scientific 
activities and scientific thinking, including, but not limited to inquiry and 
investigation, collection and analysis of evidence, logical reasoning, and 
accumulation and application of information. They need the opportunity 
for their learning to develop logically over time and to build the capacity 
to link new information to existing conceptual frameworks.

If these two propositions about what and how students should learn 
are true, then it follows that teacher preparation should be aligned with 
those goals. That is, it is plausible that the following attributes help teachers 
provide students with the instructional opportunities they need to develop 
science proficiency:

•	 �grounding in college-level study of the science disciplines suitable 
to the age groups and subjects they intend to teach;

•	 �understanding of multifaceted objectives for students’ science 
learning;

•	 �understanding of the ways students develop science proficiency; 
and

•	 �command of an array of instructional strategies designed to de-
velop students’ learning of the content, intellectual conventions, 
and other attributes essential to science proficiency, also known as 
pedagogical content knowledge.

Logical though this inference is, we recognize that the cost of ensuring 
that teachers are prepared to meet these ambitious standards would be con-
siderable and that the available guidance as to expectations for individual 
teachers is very limited. Even less obvious is exactly how teachers might 
best be prepared to know and do what these standards imply, as we have 
seen.

This is a significant problem. Current standards specify science educa-
tion that can only be provided by teachers with a deep engagement in the 
intellectual processes of science and facility with scientific content, as well 
as the capacity to provide students with a variety of complex experiences 
with science. There seems to be a significant disjuncture between this vision 
and the preparation that aspiring science teachers are currently receiving. A 
second significant problem is that we could find so little detailed informa-
tion about that preparation, so we cannot answer the question of how well 
current practice fits the consensus standards. We began this chapter with the 
observation that much is expected of science teachers in the United States; it 
seems to us that the U.S. Department of Education, the states, and the pro-
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fessional societies concerned with the quality of teaching and with science 
education all share an interest in the way science teachers are prepared.

We also note that much of the available research on science teacher 
preparation focuses on teachers of grades K-8. Science preparation for 
secondary students is of equal importance and presents distinct challenges 
for educators. As we note above, some secondary science teachers have not 
majored in the science subjects they are teaching or are not certified to teach 
it. Moreover, it is at this stage that the curriculum for students begins to 
diverge by scientific discipline. Overall, there are numerous questions about 
the preparation of science teachers that remain unanswered.

Conclusion 7-1: Systematic data are needed on the nature and con-
tent of the coursework and other experiences that currently constitute 
teacher preparation in science. Research is also needed to examine the 
propositions regarding the teaching and learning of science contained in 
professional recommendations that have not been adequately examined 
empirically.
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8

Accountability and Quality 
Control in Teacher Education

Our examination of teacher preparation for reading, mathematics, 
and science brought out some interesting differences among the 
three as well as some important similarities. We found a variety of 

sources to support conclusions relevant to teacher preparation. The sup-
port was strongest for conclusions about reading and weakest for conclu-
sions about science. Overall, based on professional consensus in each field 
about what successful students know and a variety of evidence about the 
experiences that support student learning, we offer conclusions that can 
point teacher educators toward the best currently available guidance about 
preparation in these fields.

The next question to ask, then, is how these conclusions can be useful 
to policy makers in holding teacher education preparation programs ac-
countable for the quality of the education they provide. Before discussing 
the utility of our conclusions for this purpose, we consider more broadly the 
accountability mechanisms in public education and teacher preparation.

ACCOUNTABILITY: AN OVERVIEW

Accountability—the mechanism by which institutions meet their obli-
gation to report to others about how their resources have been used and 
to what effect—is a central concept in democratic societies (Trow, 1996). 
It can function through a variety of structures, including government regu-
lation, private markets, and self-regulation (Graham, Lyman, and Trow, 
1995). Accountability has become the cornerstone of K-12 education re-
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form efforts in the United States, as it has in business and other sectors, 
though there have been disagreements about which sorts of accountability 
measures are the most useful in the context of public education.

Following decades of state leadership in standards-based accountability, 
federal policy makers intensified the focus with the No Child Left Behind 
Act of 2001. That law tied federal funds to measures of student learning, 
mandating that states assess achievement in core subjects annually with the 
goal of ensuring that all students reach proficient levels in those subjects by 
2014. Educators are expected to draw on a range of performance indicators 
to diagnose problem areas and sharpen interventions. Though standards-
based testing and accountability are not without problems and detractors, 
most believe that they are here to stay, and that—on balance—they are 
having a positive effect (Stecher and Naftel, 2006; Massell, 2008).

Two types of accountability bear directly on teacher education, one 
related to programs and one related to teachers:

1.	� the direct monitoring of teacher preparation programs, by means 
of program approval and accreditation, and

2.	� the monitoring of individual teachers, through certification and 
licensure.

States and professional accrediting bodies exert direct influence over the 
operations and content of teacher education programs. Certification and 
licensure policies affect teachers directly, but they also affect preparation 
programs, which have the goal of certifying their graduates in particular 
areas and preparing them for the tests that states require of prospective 
teachers. Indeed, in some states the connection is explicit: for example, 
the subject-matter content standards for Florida teachers are designed to 
undergird both the state’s ongoing approval processes for teacher education 
programs and the content of the subject-specific certification examinations 
required for full licensure. In addition, we note that teachers’ performance 
on high-quality state certification and licensure tests could theoretically be 
an important measure of what graduates of preparation programs have 
learned.

The charge to this committee does not include reference to account-
ability or any individual quality control mechanisms. Yet our examination 
of the quality of teacher education inevitably led us to consider program 
approval, accreditation, and certification as crucial policy levers. Account-
ability mechanisms can be viewed as means of protecting the public from 
educational malpractice, or, more ambitiously, of ensuring that high stan-
dards are met. In either view, their functioning is critical to understanding 
of both the forces that shape teacher preparation and possible opportunities 
to leverage future improvements. Congress sought this report on the state 
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of teacher preparation because adequate information about key aspects of 
teacher education is not readily available. Accountability mechanisms are 
important tools for improving teacher education and could be an excellent 
ongoing source of the kind of information Congress has requested. For 
these reasons, we determined that a report on teacher preparation programs 
would be incomplete if it did not address accountability mechanisms. We 
look first at accountability mechanisms that affect teachers directly.

Certification, Licensure, and Testing

Certification

The quality of individual teachers is addressed by states in various ways. 
Certification is the process by which states assess individuals’ qualifications 
for teaching jobs, and each state develops and enforces certification in its 
own way. According to data collected by the Education Commission of the 
States and the National Comprehensive Center for Teacher Quality and 
made accessible in an interactive website (see http://mb2.ecs.org/reports/
reportTQ.aspx?id=1137 [December 2009]), of 54 jurisdictions (states, U.S. 
Territories, and the District of Columbia), the state board of education 
authorizes teacher certification in 21, in 16 it is the state education agency, 
and in 16 it is a board or commission established specifically for that 
purpose (no policy was found for Guam or Michigan). Requirements may 
include background checks and fingerprinting; character recommendations; 
oaths of allegiance; minimum age; state-mandated teacher tests of basic 
skills, professional knowledge, or content knowledge; the completion of 
coursework in various domains (e.g., subject-matter majors or minors, the 
teaching of reading, classroom management, content courses aligned with 
state level standards for students); and participation in clinical field experi-
ences (National Association of State Directors of Teacher Education and 
Certification, 2000).

The requirements for teacher certification have evolved over time, re-
flecting shifting expectations of teachers. In the colonial period, religious el-
ders and important citizens would assess the moral and physical strength of 
teacher applicants. In the mid-19th century, reformers worked to establish 
professional standards and examinations. Tests were based on individual 
authors’ views of what constituted professional knowledge, which might 
include geography or mathematics facts or moral views (Sedlak, 2008). 
Gradually, the curricula of teacher education programs expanded to include 
educational foundations (philosophy, psychology, sociology), instructional 
methods, and subject-matter courses.

Program administrators looked for guidance in designing their curri-
cula from a variety of sources: professional organizations, local and state 
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boards of education, state legislatures, other teacher preparation programs, 
faculty in the disciplines, state superintendents of schooling, and education 
research. The content of teacher preparation programs is determined in part 
by state requirements (which are developed through the political process), 
but they also reflect the values and views of faculty in both colleges of 
education and disciplinary departments. There is no centralized source of 
information about state requirements or the content of teacher preparation 
programs currently offered in the United States. We could find no evidence 
that state requirements for teacher certification are based on research find-
ings, and it appears that they vary significantly.

States also vary in the way they classify teaching certifications: teachers 
can be granted provisional certificates, professional or permanent cer-
tificates, or emergency certificates. Most states have a staged licensure 
process: 31 require an initial license that is valid for 2-5 years, with a 
permanent license to follow when additional requirements are fulfilled 
(such as completing advanced degrees or continuing professional develop-
ment) (National Association of State Directors of Teacher Education and 
Certification, 2000). To earn a full license, teachers in some states must 
pass assessments of classroom performance. These assessments include the 
Interstate New Teacher Assessment and Support Consortium (INTASC) 
content-specific portfolios and Praxis III, an observation instrument devel-
oped by the Educational Testing Service.

Licensure

The terms certification and licensure are essentially synonymous in 
education, though that is not the case in all professional contexts. Some 
states issue teaching certificates and others issue licenses, with both typically 
serving the same function. The National Board for Professional Teaching 
Standards also offers certification, available in all states, that identifies suc-
cessful candidates (among teachers who have been in the classroom for at 
least 3 years) as accomplished teachers, and the states offer other sorts of 
specialized certification as well.

Testing

Forty-two states require some form of teacher testing as part of the 
certification or licensure process (National Association of State Directors of 
Teacher Education and Certification, 2000). Teacher tests may cover basic 
skills, general knowledge, subject-matter knowledge, or pedagogical knowl-
edge. Different tests are used to evaluate candidates in more than 25 creden-
tial areas (e.g., elementary education, chemistry, art, special education), and 
every state sets its own pass rates. There are more than 600 teacher tests 
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currently in use (National Research Council, 2001). Two test development 
companies, the Educational Testing Service (ETS) and National Evaluation 
Systems (NES), produce most of these tests, although some states develop 
their own. The limited information available about the development of 
these tests suggest that decisions about test content are generally based on 
either the mapping of K-12 student standards or teacher standards or the 
consensus views of panels of professionals (teachers, teacher educators, 
state department staff, faculty from the disciplines) (Wilson and Youngs, 
2006).

There is a limited amount of research on the psychometric characteris-
tics of these tests. For example, Wilson and Youngs (2006) located 14 stud-
ies of teacher testing, but all were conducted before the National Teachers 
Examination (NTE) was replaced with PRAXIS. Moreover, variation in the 
ways these tests are developed and used makes it very difficult to general-
ize about them. For example, states use different cutoff scores even when 
using the same test. Moreover, candidates also take these tests at different 
times in their careers, and thus will have had varying amounts of education 
and student teaching when they are tested. The available research was not 
designed to account for these and other sources of variance in performance: 
consequently, there is very little systematic information about the content 
or the predictive validity of these tests.

The quality of teacher tests has been a subject of public concern, with 
critics charging that they are simplistic and calling attention to embarrass-
ingly low cut scores (e.g., Fowler, 2001). ETS has published reports about 
how their tests are constructed, but most teacher tests are not available to 
researchers for content analyses or research. One reason for the lack of ac-
cess is that testing companies invest considerable funds in test development, 
and they do not want to bear the cost of replacing publicly released items, 
which they would have to do if the test items were available for study. One 
report on test content (Mitchell and Barth, 1999) found that most teacher 
tests in English/language arts, mathematics, and science used a multiple-
choice format and covered knowledge at the high school level: they “found 
no evidence of content at the baccalaureate level” (p. 8).

For tests of professional knowledge to provide valid information on 
which to base accountability systems, they will need to be aligned with 
scientifically based research on student learning and instructional practices. 
However, for this kind of alignment to be possible, the developers of teacher 
licensing exams would need to make the necessary data available so that 
qualified researchers can, without breaching test security, study and report 
on the content of these exams.
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Program Approval

States also exercise authority over the programs that educate prospec-
tive teachers through program approval. An individual teacher can apply 
directly to the state department of education for certification, but individ-
ual teachers can also be recommended for certification by state-approved 
programs of teacher preparation. That is, program approval allows for 
graduates of particular programs that meet state criteria to be automatically 
recommended for individual certification at the program’s discretion. State 
departments of education set program approval requirements and stipulate 
the review process for program approval, which typically involves an initial 
registration process and ongoing reviews; this process may or may not be 
related to national accreditation reviews (National Comprehensive Center 
for Teacher Quality, 2006). We could find no systematic information on or 
analysis of how state program approval is carried out or of its effects on 
quality.

Teacher education programs and state departments of education do 
have significant experience with managing program approval in their own 
states. In Michigan, for example, program approval often requires the 
construction of a matrix that aligns all state requirements to all program 
content. These analyses can include presentation of annotated course syllabi 
that highlight and point out where, when, and how particular topics are 
covered. Reviews may also include materials that demonstrate alignment 
between a program and state requirements. Some states convene panels of 
teacher educators from across the state to review these materials.

Teacher education program approval is typically mandatory. However, 
the effects of state approval on program quality have not been systemati-
cally demonstrated. The current mechanisms and standards vary consider-
ably across states, can be inefficient, and can include requirements that have 
little empirical base.

Standards

Central to state review and program accreditation processes are the 
standards against which institutions are judged. Many states have their 
own standards for teachers, and some have standards for beginning teach-
ers. Others use the standards of the National Council for Accreditation 
of Teacher Education (NCATE) or the Teacher Education Accreditation 
Council (TEAC). NCATE’s standards are developed through a consensus 
process and are updated every 7 years (National Council for Accredita-
tion of Teacher Education, 2008). Data from the National Comprehensive 
Center for Teacher Quality show that 32 states require their programs to 
align their curricula in some way with K-12 academic standards, and 28 

Preparing Teachers: Building Evidence for Sound Policy

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/12882


ACCOUNTABILITY AND QUALITY CONTROL IN TEACHER EDUCATION	 159

require that programs align their curricula in some way with state stan-
dards for K-12 teachers (see http://www2.tqsource.org/mb2dev/reports/
reportTQ.aspx?id=946 [December 2009]). However, we were not able to 
find any comprehensive documentation or analysis of the standards that 
states used in accrediting teacher preparation institutions. From our ex-
amination of materials from TEAC, NCATE, and four states (California, 
Florida, Michigan, and New York), as well as regional agencies, it seems 
that states’ standards generally incorporate or draw on local requirements 
and the recommendations of professional associations and that their con-
tent and character vary significantly.

The standards that do exist are not based on research that demonstrates 
links between particular standards and improved outcomes for students 
taught by teachers who were educated in a particular way because such evi-
dence is not available. Thus, as in other professions, states and accrediting 
bodies draw on the standards developed by professional associations, other 
consensus recommendations, widely held commitments, or recognized best 
practices. We note that teacher education is hardly alone in lacking data 
that directly link components of professional preparation to the outcomes 
for those who receive the professionals’ services.

Accreditation

Professional societies associated with other fields, such as architecture, 
medicine, and law, require preparation programs to obtain national ac-
creditation as a way of assuring the public of the programs’ soundness and 
rigor. This is not a requirement for teacher education programs, though 
individual states can mandate it, requiring either state program review or 
accreditation by a national body (National Research Council, 2001). Vir-
tually no research exists that demonstrates the effects of accreditation on 
teacher quality (Wilson and Youngs, 2006). Again, there is limited central-
ized information about the specifics of how programs are actually accred-
ited across the states. Data available on the National Comprehensive Center 
for Teacher Quality website indicates that each state develops its own policy 
(see http://www2.tqsource.org/prep/policy/index.asp [December 2009]). 
States may accept the accreditation of one of two national bodies, NCATE 
and TEAC, or develop their own requirements for program review.

There are also six regional agencies (the Middle States, New England, 
North Central, Northwest, Southern, and Western Associations of Schools 
and Colleges) that accredit institutions of higher education—though not 
teacher education programs specifically—and some states rely on this gen-
eral accreditation. Many states allow more than one route to program ap-
proval, either accepting more than one type of review (national or state) or 
requiring that programs meet both the standards of a national or regional 
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body and additional standards set by the state. Eight states do not appear 
to have set a formal policy for accreditation. In addition, some states have 
a policy for intervening with or closing a program that does not meet its 
criteria. The variation in states’ policies regarding accreditation is shown 
in Table 8-1.

Some states have performance, or competency-based, processes, requir-
ing that programs demonstrate how they ensure that prospective teachers 
have acquired the necessary knowledge and skill; others examine program 
outcomes, examining graduation, job placement, and retention rates. See 
Boxes 8-1 and 8-2 for descriptions of the approval processes for New 

TABLE 8-1  Accreditation for Teacher Preparation Programs

State
State-Set 
Requirements NCATE TEAC

One or More 
Regional 
Bodies

No Policy 
Found

AK *
AL *
AR *
AS *
AZ * * *
CA * *
CO * * *
CT * *
DC *
DE * *
FL *
GA * * *
GU *
HI *
IAa *
ID * * *
IL * * *
IN *
KS *
KY * *
LA * *
MA *
MD *
ME * * *
MI *
MN *
MO * * * *
MS *
MT * *
NC * *
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York and Florida, respectively. The accreditation standards for NCATE are 
shown in Box 8-3.

According to data from NCATE and TEAC, over half of the approxi-
mately 1,300 U.S. teacher education programs they examined are accred-
ited by one of the two national bodies: 632 by NCATE (see http://www.
ncate.org/public/listofaccredinst.asp [December 2009]) and 59 by TEAC 
(see http://www.teac.org/index.php/membership/teac-members/ [December  
2009]). NCATE, which was established in 1954, draws on the expertise of a 
variety of professional associations concerned with education in developing 
its standards; see Box 8-4. (We note that disciplinary organizations, such 

State
State-Set 
Requirements NCATE TEAC

One or More 
Regional 
Bodies

No Policy 
Found

ND *
NE * *
NJ * *
NM *
NY * * * *
OH * *
OK * *
OR *
PA * * *
PR *
RI * *
SC * *
SD * *
TN *
TX *
UT * * *
VA *
VI *
VT *
WA *
WI *
WV *
WY *
Total 17 30 12 22 8

	 aThe database shows no policy for Iowa, but we obtained independent confirmation of the 
state’s policy as well as information for California (Commission on Teacher Credentialing, 
2007).
SOURCE: Compiled from data available on the website of the National Comprehensive Center for 
Teacher Quality, see http://www.ecs.org/html/offsite.asp?document=http%3A%2F%2Fwww% 
2Etqsource%2Eorg%2Fprep%2Findex%2Easp++ [December 2009]); updated to 2006.

TABLE 8-1  Continued

Preparing Teachers: Building Evidence for Sound Policy

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/12882


162	 PREPARING TEACHERS

BOX 8-1 
New York State Teacher Education Program Approval Process

	 The initial process of registering teacher preparation programs in the state 
involves providing written documentation of such things as program philosophy 
or mission; faculty cooperation across university departments; efforts to recruit 
faculty and students from historically underrepresented populations; efforts to 
educate potential students about labor market conditions for each certification 
area; use of assessments; and facilities.
	 In addition to these general requirements, state regulations specify a “content 
core” and a “pedagogical core” for each certification type. For example, elementary 
education programs are required to provide study (and specify each by listing the 
relevant college course numbers) that will permit candidates to obtain an 11-point 
list of pedagogical knowledge, understanding, and skills (e.g., human develop-
ment, learning, language acquisition; curriculum planning; technology). The list 
is different for alternative certification programs. The field experience portion of 
pedagogical core is further specified, requiring at least 100 hours of field experi-
ences related to coursework prior to student teaching or practica and at least two 
college-supervised student-teaching experiences of at least 20 school days each. 
The types of experiences and overseeing faculty are also specified.
	 Once programs are registered with the state, all programs must be accredited 
by the state once every 4 years. Accreditation can be obtained through the State 
Regents Accreditation of Teacher Education (RATE) process or through accredita-
tion by NCATE or TEAC.
	 RATE includes five standards of quality:

	 1.	 commitment and vision
	 2.	 philosophy, purposes, and objectives
	 3.	 standards for program registration
	 4.	 teaching effectiveness of graduates, including evidence their graduates:
		  a.	 promote well-being of all their students
		  b.	� help them learn to their highest levels of achievement and 

independence
		  c.	 use their knowledge to create nurturing environment for all students
	 5.	 assessment of candidate achievement

Additional standards relate to financial resources, support servies, advertis-
ing, candidate complaints, public disclosure of accreditation status, and annual 
reports.
	 Each program submits a self-study report for review by up to three external 
reviewers, selected by the New York State Department of Education. The program 
submits written reports to the state commissioner who makes a recommendation 
to the Board of Regents, which ultimately decides accreditation action.
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as the American Mathematical Society, are not included.) The organization 
has repeatedly revised the accreditation process. The current process em-
phasizes the need for institutions to demonstrate that the content of their 
programs aligns with relevant standards. TEAC was created in 1997 by a 
group of education school deans and college presidents. TEAC’s accredita-
tion model is based on audits in which the organization’s quality principles 
(e.g., evidence of student learning, assessment of student learning) are 
applied (Murray, 2001). A TEAC audit may be coordinated with state 
standards and accreditation procedures. As this report is being completed, 
TEAC and NCATE are discussing possibilities for creating a uniform system 
of accreditation that would combine their separate efforts.

The accreditation process of the six regional agencies is not compa-
rable to the specialized accreditation offered by NCATE or TEAC. Teacher 
preparation institutions that are accredited through the regional agencies 
must demonstrate that they meet the standards of eligibility of the Com-
mission of Higher Education and then go through a process of self-study 
determined by the regional agency and aligned with that agency’s standards. 
The regional agency procedures may include paper reviews of program 
curricula; in other cases on-site reviews are conducted by teams of educa-
tors and others. Historically, these regional agency reviews have tended to 
emphasize inputs, asking such questions as whether prospective teachers 
have the opportunity to learn various knowledge and skills. Only recently 
has attention turned to accountability for outputs, that is, results.

Accreditation also commonly includes some sort of peer review or audit 
of programs by teams of peers, which may include teachers, teacher educa-
tors, state education department staff, school administrators, and faculty 
from the disciplines. For example, NCATE has a board of examiners who 
are trained by NCATE in the accreditation processes (for details, see http://
www.ncate.org [October 2009]). TEAC sends a team of auditors to check 
the accuracy of the materials submitted by an institution. These auditors 
include TEAC-trained educators, and in some states local practitioners and 
representatives of the relevant state department of education (for details, 
see http://www.teac.org [October 2009]). Regional agencies use similar 
processes, with faculty from peer institutions who make campus visits to 
check the validity of self-studies. The practices for appointing and educating 
these visiting peers vary among the accrediting bodies.

We note that the identification of suitable peers for the accreditation of 
teacher education programs presents some challenges. The criteria for the 
selection of peers—whether teachers, administrators, or researchers—might 
have a profound influence on the resulting review because of those individu-
als’ professional views regarding the elements that are important or effec-
tive in teacher preparation. Similar concerns would hold for parents, policy 
makers, or any other participants. Moreover, without a strong empirical 
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base on which to make decisions about the quality of teacher preparation, 
any interested party can claim some reason for participating in accredita-
tion visits and processes.

In sum, teacher education program accreditation traditionally has been 
voluntary and has been conducted by states and national nongovernmental 
organizations. More institutions are currently accredited by NCATE than 
by any other state or national body. The effects of state program reviews 
and national accreditation on program quality have not been systematically 
demonstrated. There is no centralized information about how comparable 
these various modes are. States’ accountability practices have relatively little 
foundation in empirical findings because little such evidence is available. 
We note that this dilemma is not unique to education.

BOX 8-2 
Florida State Teacher Education Program Approval Process

	 Review and approval of educator preparation programs in Florida consists of 
two parallel systems—one for initial approval and one for continuing approval—
both of which are governed by both law and rules. The focus of the initial review 
is process oriented; the focus of the continued review is performance based.
	 In brief, institutions seeking initial approval of their programs submit curriculum 
folios describing the design, delivery, content, and evaluation of each program for 
review by statewide teams of peer reviewers. This folio review is followed by an 
on-site review for institutions that do not currently have approved programs. Initial 
approval is granted first for all of the programs the institution is seeking approval 
for; then, the institution transitions to the continued program approval standards 
and process, for which there are annual reporting requirements and a site visit 
every 7 years in order to monitor program outcomes, candidate performance, and 
continuous improvement.
	 The standards for (performance-based) continued review include three major 
standards, on content, on the candidate teachers, and continuous improvement. 
The key elements in each of these standards is shown below.

Standard 1. Core Curriculum Content

	 1.	� Current mandated state requirements and curricular content are consis-
tently implemented and published in required documents.

	 2.	� Field or clinical sites represent diverse cultures and varying exceptionali-
ties and performance levels, in a variety of settings, including high-needs 
schools.

	 3.	� Faculty meet state-mandated requirements for supervision of field or clini-
cal experiences.

	 4.	� School district personnel meet state-mandated requirements for supervi-
sion of field or clinical experiences.

Standard 2. Candidate Competency

	 1.	� Each program consistently applies state-mandated admission requirements.
	 2.	� Candidate evidence of attainment of uniform core curricular content is as-

sessed and data is collected from coursework, field or clinical experiences, 
and on the Florida Teacher Certification Examinations.

	 3.	� Candidates demonstrate impact on P-12 student learning based on student 
achievement data in field or clinical experiences and during the first year of 
teaching.

	 4.	� The program documents the assistance and the results of the assistance 
provided to program completers who do not meet employer satisfaction in 
their first 2 years of teaching.

Standard 3. Continuous Improvement

	 1.	� The program remains responsive to the needs of the state and districts 
served.

	 2.	� Employers of program completers indicate satisfaction with the level of 
preparedness for the first year of teaching, including the rehire rates of 
program completers and length of stay in the classroom.

	 3.	� Program completers indicate satisfaction with the level of preparedness for 
the first year of teaching.

	 4.	� Continuous improvement across and within programs is the result of routine 
analysis of data collected on Standards 2 and 3; admission, enrollment, 
and completion status of each candidate; and results of recent faculty 
experiences.
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BOX 8-2 
Florida State Teacher Education Program Approval Process

	 Review and approval of educator preparation programs in Florida consists of 
two parallel systems—one for initial approval and one for continuing approval—
both of which are governed by both law and rules. The focus of the initial review 
is process oriented; the focus of the continued review is performance based.
	 In brief, institutions seeking initial approval of their programs submit curriculum 
folios describing the design, delivery, content, and evaluation of each program for 
review by statewide teams of peer reviewers. This folio review is followed by an 
on-site review for institutions that do not currently have approved programs. Initial 
approval is granted first for all of the programs the institution is seeking approval 
for; then, the institution transitions to the continued program approval standards 
and process, for which there are annual reporting requirements and a site visit 
every 7 years in order to monitor program outcomes, candidate performance, and 
continuous improvement.
	 The standards for (performance-based) continued review include three major 
standards, on content, on the candidate teachers, and continuous improvement. 
The key elements in each of these standards is shown below.

Standard 1. Core Curriculum Content

	 1.	� Current mandated state requirements and curricular content are consis-
tently implemented and published in required documents.

	 2.	� Field or clinical sites represent diverse cultures and varying exceptionali-
ties and performance levels, in a variety of settings, including high-needs 
schools.

	 3.	� Faculty meet state-mandated requirements for supervision of field or clini-
cal experiences.

	 4.	� School district personnel meet state-mandated requirements for supervi-
sion of field or clinical experiences.

Standard 2. Candidate Competency

	 1.	� Each program consistently applies state-mandated admission requirements.
	 2.	� Candidate evidence of attainment of uniform core curricular content is as-

sessed and data is collected from coursework, field or clinical experiences, 
and on the Florida Teacher Certification Examinations.

	 3.	� Candidates demonstrate impact on P-12 student learning based on student 
achievement data in field or clinical experiences and during the first year of 
teaching.

	 4.	� The program documents the assistance and the results of the assistance 
provided to program completers who do not meet employer satisfaction in 
their first 2 years of teaching.

Standard 3. Continuous Improvement

	 1.	� The program remains responsive to the needs of the state and districts 
served.

	 2.	� Employers of program completers indicate satisfaction with the level of 
preparedness for the first year of teaching, including the rehire rates of 
program completers and length of stay in the classroom.

	 3.	� Program completers indicate satisfaction with the level of preparedness for 
the first year of teaching.

	 4.	� Continuous improvement across and within programs is the result of routine 
analysis of data collected on Standards 2 and 3; admission, enrollment, 
and completion status of each candidate; and results of recent faculty 
experiences.

COMPARISONS WITH OTHER FIELDS

The challenges of effectively using accountability measures to ensure 
quality are not unique either to education or to the U.S. system, but the U.S. 
education system has charted its own course to a considerable extent. A 
detailed comparative analysis of accountability practices across occupations 
was not part of the committee’s charge and little information was available, 
but we do note a few general findings. A comparison of preparation and 
training in seven fields conducted by The Finance Project (Neville, Sherman, 
and Cohen, 2005) found that the standards for entry are less consistent, 
across the states, for teaching than for any of the other six fields examined 
(law, accounting, architecture, nursing, firefighting, and law enforcement). 
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BOX 8-3 
Standards of the National Council of 
Accreditation in Teacher Education

	 Twenty-five states have adopted or adapted NCATE unit standards and ad-
minister them. Twenty-five states delegate NCATE to conduct the program review 
process for purposes of NCATE accreditation and state approval. NCATE has six 
standards, detailed below.

Standard 1: Candidate Knowledge, Skills, and Professional Dispositions: 
Candidates preparing to work in schools as teachers or other school professionals 
know and demonstrate the content knowledge, pedagogical content knowledge 
and skills, pedagogical and professional knowledge and skills, and professional 
dispositions necessary to help all students learn. Assessments indicate that can-
didates meet professional, state, and institutional standards.

Standard 2: Assessment System and Unit Evaluation: The unit has an assess-
ment system that collects and analyzes data on applicant qualifications, candidate 
and graduate performance, and unit operations to evaluate and improve the per-
formance of candidates, the unit, and its programs.

Standard 3: Field Experiences and Clinical Practice: The unit and its school 
partners design, implement, and evaluate field experiences and clinical practice 
so that teacher candidates and other school professionals develop and demon-
strate the knowledge, skills, and professional dispositions necessary to help all 
students learn.

Standard 4: Diversity: The unit designs, implements, and evaluates curriculum 
and provides experiences for candidates to acquire and demonstrate the knowl-
edge, skills, and professional dispositions necessary to help all students learn. 
Assessments indicate that candidates can demonstrate and apply proficiencies 
related to diversity. Experiences provided for candidates include working with di-
verse populations, including higher education and P-12 school faculty, candidates, 
and students in P-12 schools.

Standard 5: Faculty Qualifications, Performance, and Development: Faculty 
are qualified and model best professional practices in scholarship, service, and 
teaching, including the assessment of their own effectiveness as related to can-
didate performance. They also collaborate with colleagues in the disciplines and 
schools. The unit systematically evaluates faculty performance and facilitates 
professional development.

Standard 6: Unit Governance and Resources: The unit has the leadership, 
authority, budget, personnel, facilities, and resources, including information tech-
nology resources, for the preparation of candidates to meet professional, state, 
and institutional standards.
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BOX 8-4 
Professional Associations That Provide Input to the National 

Council for the Accreditation of Teacher Education

Teacher Education Associations
American Association of Colleges for Teacher Education (AACTE)
Association of Teacher Educators (ATE)

Teacher Associations
American Federation of Teachers (AFT)
National Board for Professional Teaching Standards (NBPTS)
National Education Association (NEA)
National Education Association (NEA) Student Program

Child-Centered Associations
Association for Childhood Education International (ACEI)
Council for Exceptional Children (CEC)
National Association for the Education of Young Children (NAEYC)
National Association for Gifted Children (NAGC)
National Middle School Association (NMSA)

Subject-Matter Associations
American Alliance for Health, Physical Education, Recreation and Dance 
	 (AAHPERD)
American Council on the Teaching of Foreign Languages (ACTFL)
International Reading Association (IRA)
International Technology Education Association (ITEA)
National Council for the Social Studies (NCSS)
National Council of Teachers of English (NCTE)
National Council of Teachers of Mathematics (NCTM)
National Science Teachers Association (NSTA)
North American Association for Environmental Education (NAAEE)
Teachers of English to Speakers of Other Languages (TESOL)

Educational Leadership Associations
American Association of School Administrators (AASA)
Association for Supervision and Curriculum Development (ASCD)
National Association of Elementary School Principals (NAESP)
National Association of Secondary School Principals (NASSP)

Policy Maker Associations
Council of Chief State School Officers (CCSSO)
National Association of State Boards of Education (NASBE)
National School Boards Association (NSBA)

SOURCE: Data from http://www.ncate.org/governance/MemberOrganizations.aspx [March 
2010].
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The study noted that in all of the other fields, candidates are required to 
pass a single national exam or a state exam with a national component 
before they are allowed to begin practicing. None of the other fields allows 
candidates to gain licensure through alternative routes or to begin practic-
ing before they have met all licensure requirements. The authors also found 
that all of the six comparison fields have more consistent program approval 
mechanisms across the states than does education.

Most of the 50 countries that participated in the Third Trends in Inter
national Mathematics and Science Study (TIMSS) have the same basic ele-
ments in place for teacher education and certification (Mullis et al., 2008). 
For example, 42 require that candidates who wish to teach at the elemen-
tary or primary level earn a degree from a teacher education program, and 
more than 40 require some sort of practicum (opportunity to apply what 
was taught in the classroom). The requirements are somewhat different 
for mathematics and science teachers, but more than half of the countries 
also require passage of an exam and have a probationary period for new 
teachers. These comparisons, though limited, suggest that the United States 
is quite different from other countries in having such a highly variable ap-
proach to accountability for teacher education.

An analysis of teacher education and development policies in a smaller 
group of countries that participated in TIMSS (the United States, Austra-
lia, England, Honk Kong, Japan, Korea, the Netherlands, and Singapore) 
provides a more detailed analysis (Wang et al., 2003). This study found 
that the United States and Australia have the least centralized systems and 
are the only two that do not have a single national agency that oversees 
teacher preparation programs. The scope of the challenge of ensuring ac-
countability in the United States is suggested by the sheer numbers of pro-
grams in the country: 1,500 according to the National Center for Education 
Statistics. In comparison, no other nation has more than a few hundred.� 
The United States and England are the only two countries in the study that 
allow alternative routes to teacher certification. It is also worth noting that 
some countries that perform at high levels on TIMSS, such as Singapore 
and Finland, provide financial support for teacher candidates and are 
recognized for their ability to recruit high-achieving students for teacher 
preparation programs.

� The Netherlands offers teacher preparation in 12 public universities and 13 professional 
colleges; Australia has 35 institutions; and England has 123. Japan has 138 institutions 
that offer preparation in mathematics and 149 that offer preparation in science (with some 
overlap).
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CONCLUSION and recommendation

It is clear from our review of accountability in teacher preparation that 
the existing evidence does not support a strong conclusion about the ef-
fectiveness of the current accountability process in teacher education. Thus, 
there would be significant value in investment in research and develop-
ment to improve the research base and technical infrastructure for teacher 
education accountability. In addition, although empirical links between 
teacher preparation and student learning have not been established, current 
accountability mechanisms could likely use information that is available. 
Specifically, accountability systems could better integrate in their evalua-
tions indirect evidence, such as consensus about the intellectual foundations 
and priorities in academic fields and findings about promising instructional 
approaches.

As part of the broader research agenda on teacher education (discussed 
in Chapter 9), we recommend research on developing valid means of estab-
lishing links between teachers’ preparation and outcomes for students that 
could be used in accountability policies for teacher preparation programs. 
This research will require attention to conceptual, data, and measurement 
issues, with a particular focus on improving the development of measures 
and technologies that would make it possible to accurately measure the 
teaching knowledge and practices that are most closely associated with 
gains in K-12 student achievement. Such measures are particularly needed 
for accountability purposes.

The accountability systems now in use are haphazard. Not enough is 
known about the effectiveness of any of their major elements—certification, 
testing, program approval, and accreditation—either at promoting the 
practices and approaches that are supported by research and professional 
consensus or at assuring the public of the quality of programs. The senior 
leadership of NCATE offered this committee access to its accreditation 
reports to help us describe programs. However, because teacher prepara-
tion varies so much across and within states and because programs bring 
different—often unique—forms of evidence to bear as they make the case 
for meeting NCATE standards, we were not able to use these rich sources 
of information to compare approaches across programs. Yet policy makers 
need guidance as to how to address the politically difficult issue of account-
ability in the context of a wide variety of practices. If the Department of 
Education wishes to meet the serious lack of information about teacher 
preparation programs, a comprehensive evaluation is needed.

Recommendation 8-1: The U.S. Department of Education should spon-
sor an independent evaluation of teacher education approval and ac-
creditation in the United States. The evaluation should describe the 
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nature, influence, and interrelatedness of approval and accreditation 
processes on teacher education program processes and performance. It 
should also assess the extent to which existing processes and organiza-
tions align with best practices in accountability and offer recommenda-
tions for how they could do so more effectively in the future.

The evaluation should focus specifically on evidence of learning and 
effects on outcomes. On the first point, the recommended evaluation should 
focus on the nature and rigor of the evidence base used to inform approval 
and accreditation standards and processes. The evaluation should also 
include an assessment of the near- and long-term effects of these mecha-
nisms on key processes and, especially, K-12 student outcome measures. 
On the second point, the evaluation should assess the extent to which the 
information gathered in accreditation reviews serves as a force for ongoing 
improvement at the program level and whether and how it could contribute 
to a broader knowledge base about teacher preparation.

Both further research and an evaluation of existing accountability 
mechanisms are critical. All teacher education programs should be able to 
demonstrate that their graduates can teach in ways that have been shown 
empirically to lead to gains in K-12 student learning. As research strength-
ens the knowledge base that can be used for accountability purposes, it 
will be possible to better examine many questions. In particular, as stron-
ger indicators are developed, states and independent associations that are 
involved in teacher education program approval and accreditation will be 
able to use them as a basis for their accreditation standards and reviews.

Although the empirical basis for this sort of accountability is slim at 
present, the field is not starting at zero. As we discuss throughout this re-
port, a growing body of literature has identified some of the behaviors and 
skills of teachers that boost K-12 student learning in core subjects, and that 
knowledge base can be tapped for teacher education accountability. And even 
in the short term, there are ways to focus current accountability systems on 
the best available evidence. The established, consensus- and research-based 
conclusions of the professional and academic communities associated with 
school subjects provide a critical source of guidance to programs and state 
accountability systems as to the kinds of content and knowledge and peda-
gogical content that benefit teachers.

We note as well that there is no reason that program accountability 
should not extend to all types of programs that prepare teachers, including 
newer programs that operate outside state postsecondary institutions. As 
we discuss in Chapter 3, the distinction between traditional and alternative 
pathways is problematic, but in most states programs described as tradi-
tional or alternative are subject to separate systems of accountability and 
quality control. Thus, requirements for teacher education programs not 
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only vary across states, they vary within states as well. In our view, states 
should hold all preparation programs to the same standards.

Finally, we suggest that accountability ought to focus on assessments 
that show program graduates can practice effectively. Workforce trends 
across sectors reflect heightened demand for workers at all levels who 
can demonstrate their knowledge and skill; high-stakes teacher certifica-
tion tests are an example of this phenomenon in the teacher labor market 
(National Research Council, 2002b). But passing a paper-and-pencil test is 
different from demonstrating effective teaching practices, and a few states 
are developing performance assessments that are or will be part of their 
teacher certification requirements (e.g., the Performance Assessment for 
California Teachers; see Pecheone and Chung, 2006).

Most relevant for our purposes, however, is the observation that, de-
spite changes in the rhetoric, teacher education program accountability 
is still overly dependent on input and process requirements. Many states 
continue to require programs to offer particular courses, set minimum 
admissions standards, ensure minimum contact hours with faculty and 
student teacher supervisors, and the like. The national accrediting bodies 
have made progress toward implementing outcome-oriented standards, 
but much remains to be done. We envision an accountability system that 
is based primarily on the evaluation of program graduates’ ability to use 
instructional practices that facilitate K-12 student learning in core subjects. 
Although such an approach is likely to be more difficult and expensive than 
the current one, it is a fundamental need if teacher education is to reflect 
the ultimate outcome, student learning.

More systematic information about the development and content of 
tests used for teacher accreditation or certification is needed. Accountability 
is a complex component of the education system and one that provokes 
strong opinions. Questions about the quality of the nation’s teachers go 
to the heart of many contentious issues in education policy. For example, 
discussion of licensure, certification, and accreditation naturally suggests 
comparisons with other fields in which these issues arise, such as medicine, 
law, accounting, and various technical occupations. This comparison in 
turn raises questions about the status of teaching as a field. The purpose of 
this committee was not to determine whether teaching ought to be consid-
ered a profession, nor to rehash the arguments in that debate. Whatever the 
answer to that question, it seems reasonable to ask that teacher candidates 
and teacher preparation programs be held to high standards and that the 
accountability system used be both professionally responsible and publicly 
credible.
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9

Summary and Research Agenda

In response to our broad charge, the committee examined many aspects 
of the complex and diverse set of institutions and programs through 
which the majority of the nation’s teachers are prepared. The bulk of 

our report focuses on the first three questions in our charge, about the 
candidates who enter teacher preparation programs, the nature of the 
pathways and programs those candidates select, and the extent to which 
the content of teacher preparation is consistent with scientific evidence. The 
first part of this chapter provides a summary of our findings about teacher 
preparation in the United States.

There is no lack of writing on teacher preparation, yet there are many 
gaps in the research base. The fourth part of our charge was to make rec-
ommendations regarding future data collection that would provide useful, 
valid, and reliable information. The second section of this chapter presents 
our conclusions about the research base, and the final section presents our 
recommendations for future research.�

SUMMARY: TEACHER PREPARATION IN THE UNITED STATES

We looked first for information about the first two parts of our charge, 
regarding the individuals who enter teacher preparation programs and their 
academic preparation, as well as the types of instruction and experiences 

� The numbering of the conclusions and recommendations below follows that in the 
chapters.
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they receive. There is no system in place to collect data across the myriad 
teacher preparation programs and pathways in the United States. Thus, we 
can say little about the characteristics of aspiring teachers, the programs 
and pathways they follow, or the outcomes of their preparation. We found 
some information about general elements that most teacher preparation 
programs share, such as courses in pedagogy and the foundations of educa-
tion and required fieldwork. We also found that both programs and path-
ways vary dramatically in their requirements, structure, and timing. Because 
of the paucity of systematic research as well as the enormous variation in 
virtually all aspects of teacher preparation programs and pathways, we 
cannot draw any specific conclusions about the characteristics of current 
teacher preparation programs.

Researchers have examined particular programs and pathways to look 
for differences among the people who pursue different routes, as well as 
differences in the effectiveness of graduates. The findings are slim. Some 
research suggests that there are differences in the characteristics of teacher 
candidates who are attracted to different pathways and types of programs. 
There is also some research that compares the outcomes for graduates of 
different kinds of programs. However, the distinctions among pathways and 
programs are not clear-cut, and there is more variation within categories 
such as “traditional” and “alternative”—and even within the category of 
master’s degree programs—than there is between the categories. 

Conclusion 3-1: There is currently little definitive evidence that particu-
lar approaches to teacher preparation yield teachers whose students are 
more successful than others. Such research is badly needed. We believe 
that the highest priority research would be studies that examine three 
critical topics in relation to their ultimate effect on student learning:

1.	�comparisons of programs and pathways in terms of their selectiv-
ity; their timing (whether teachers complete most of their training 
before or after becoming a classroom teacher); and their specific 
components and characteristics (i.e., instruction in subject matter, 
field experiences);

2.	�the effectiveness of various approaches to preparing teachers in 
classroom management and teaching diverse learners; and

3.	�the influence of aspects of program structure, such as the design and 
timing of field experiences and the integration of teacher preparation 
coursework with coursework in other university departments.
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Content of Teacher Preparation Programs: Research Evidence

The question of the extent to which the required course work and ex-
periences in reading, mathematics, and science across teacher preparation 
programs are consistent with converging scientific evidence presented a 
somewhat different challenge for the committee. Within each of the three 
fields there is a range of material that is potentially relevant. This material 
includes a relatively small body of empirical studies that provide some evi-
dence about the effects of particular kinds of instruction; it also includes an 
even smaller amount of evidence about the effects of particular approaches 
to teacher preparation.

The other kinds of research that are available include descriptive and 
qualitative studies, which explore many aspects of teaching and learning 
in the three subjects, as well as a substantial body of empirical work on 
learning and cognition, which has had an important influence on practice 
within each discipline. In addition, the professional organizations that 
provide leadership in the fields of reading, mathematics, and science have 
drawn on the available research and their own intellectual traditions and 
experience as educators to develop content and achievement standards for 
students, standards for teachers, and, in some cases, guidance or standards 
for teacher education.

Substantial work by educators and researchers has identified some 
strong arguments about the factors that are likely to influence teacher qual-
ity and student learning. Yet this work is only a starting point because the 
empirical evidence supporting the impact of these factors is limited. The 
research base varies across the three school subjects, and our conclusions 
about preparation in each field reflect these differences. Our discussions of 
the state of knowledge in these three areas also reflect the fact that we found 
no evidence in the literature that undermines the current recommendations 
of disciplinary experts, or calls into question the tradition, common to 
many fields besides education, of basing some decisions about professional 
education on such recommendations.

Reading

Conclusion 5-1: Successful beginning readers possess a set of founda-
tional skills that enable them not only to continue growing as readers 
but also to progress in all academic subjects. A variety of instructional 
approaches that address these foundational skills can be effective when 
used by teachers who have a grounding in the foundational elements 
and the theory on which they are based.
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Conclusion 5-2: It is plausible that preparation in the nature of the 
foundational reading skills and research-based instructional approaches 
would improve teachers’ practice to a degree that would be evident in 
learning outcomes for their students. However, there is currently no 
clear evidence that such preparation does indeed improve teacher ef-
fectiveness or about how such preparation should be carried out.

Conclusion 5-3: There are very few systematic data about the nature 
of the preparation in reading that prospective teachers receive across 
the nation. The limited information that exists suggests that the nature 
of preparation of prospective teachers for reading instruction is widely 
variable both across and within states.

Conclusion 5-4: Little is known about the best ways to prepare pro-
spective teachers to teach reading. Systematic data are needed on the 
nature and content of the coursework and other experiences that con-
stitute teacher preparation in reading.

Mathematics

Conclusion 6-1: It is plausible that to provide students with the instruc-
tional opportunities they need to develop successfully in mathematics, 
teachers need preparation that covers knowledge of mathematics, of 
how students learn mathematics, and of mathematical pedagogy and 
that is aligned with the recommendations of professional societies.

Conclusion 6-2: Many, perhaps most, mathematics teachers lack the 
level of preparation in mathematics and teaching that the professional 
community deems adequate to teach mathematics. In addition, there 
are unacceptably high numbers of teachers of middle and high school 
mathematics courses who are teaching out of field.

Conclusion 6-3: Both quantitative and qualitative data about the pro-
grams of study in mathematics offered and required at teacher prepara-
tion institutions are needed, as is research to improve understanding of 
what sorts of preparation approaches are most effective at developing 
effective teachers.

Science

Conclusion 7-1: Systematic data are needed on the nature and con-
tent of the coursework and other experiences that currently constitute 
teacher preparation in science. Research is also needed to examine the 
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propositions regarding the teaching and learning of science contained in 
professional recommendations that have not been adequately examined 
empirically.

Accountability

This was the picture of what converging evidence suggests about teacher 
preparation, against which one might measure what is currently happening. 
However, there is very little systematic research about current practice in 
the preparation of reading, mathematics, and science teachers. The limited 
information we found does not support broad conclusions about the nature 
and content of current teacher preparation programs.

As we describe in Chapter 8, our investigations of these issues led us 
to consider the accountability system, which is designed to ensure the high 
quality of teacher preparation programs. The accountability measures in 
place are diverse, and the gaps in the data available are large. If account-
ability for teacher preparation is to become more effective, a major assess-
ment of the current situation would be needed.

Recommendation 8-1: The U.S. Department of Education should spon-
sor an independent evaluation of teacher education approval and ac-
creditation in the United States. The evaluation should describe the 
nature, influence, and interrelatedness of approval and accreditation 
processes on teacher education program processes and performance. It 
should also assess the extent to which existing processes and organiza-
tions align with best practices in accountability and offer recommenda-
tions for how they could do so more effectively in the future.

RESEARCH AGENDA

The last part of our charge was to make recommendations regarding a 
model for data collection that would provide valid and reliable information 
about the content knowledge, pedagogical competence, and effectiveness 
of graduates from the various kinds of teacher preparation programs. The 
base of empirical knowledge about teacher preparation is thin. We believe 
the way forward is to build on what has been done by drawing on the 
professional consensus in each academic field for promising hypotheses 
about which features of teacher preparation are most promising and to 
subject those hypotheses to rigorous research. We were asked to develop 
an approach to future research that would provide a firmer foundation for 
policy and practice in the future. We organized our response around two 
overarching needs:
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1.	� improved understanding of the relationships between characteris-
tics of teachers’ preparation and students’ learning, and

2.	� a comprehensive, coherent system for collecting data about teacher 
preparation.

In discussing these two needs, we offer our assessment of the most im-
portant questions to pursue and the most productive means for doing so. 
Our discussion and recommendations draw on a study we commissioned 
(Crowe, 2007) to examine the current status and quality of data systems, 
as well as analysis of the available data related to the questions in our 
charge.

The Relationship Between Characteristics of 
Teacher Preparation and Student Learning

An obvious question to ask about teacher education is whether particu-
lar ways of preparing teachers lead to measurable improvements in student 
learning. Many researchers have worked hard to establish such connections. 
In Chapter 2 we discuss why it is difficult to establish clear causal links be-
tween aspects of teacher preparation and outcomes for the students teachers 
teach after they have completed their training. Programs may differ in the 
types of candidates they attract and in the types of knowledge and skills 
that candidates acquire. Programs may also differ in whether and where 
their graduates teach (e.g., what kinds of schools; urban or rural) and how 
long they remain teachers. And programs almost certainly graduate people 
who have different capacities to use their knowledge and skills to improve 
their students’ learning. Some programs may produce graduates who are 
more effective in some settings than others. We repeat as Figure 9-1 the 
model used in Chapter 2 to portray the complex interactions among differ-
ent elements that influence teacher quality and student achievement.

Thus far, some attempts have been made to compare the learning of stu-
dents whose teachers were prepared in one way to that of students whose 
teachers were prepared in a different way. Unfortunately, we found that 
the existing studies have generally been insensitive to the details of teacher 
preparation that are most likely to result in differences in quality. Theoreti-
cally, the best way to do this sort of investigation would be experimental 
field trials, in which teacher candidates are randomly assigned to different 
programs and students are randomly assigned to program graduates. When 
randomization is not possible, however—which is frequently the case in 
studies of education and other complex human behaviors (see Chapter 2) 
—other means of estimating the effects that programs have on participants 
and their students can provide valuable information. Other approaches 
include regression discontinuity designs, instrumental variables, or natural 
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FIGURE 9-1  A model of the effects of teacher preparation on student achievement. 
SOURCE: Adapted from Boyd et al. (2006, p. 159).

experiments with appropriate controls. Researchers are still in the process 
of working out an array of practical approaches to providing reliable an-
swers to questions about teacher preparation.

Research in teacher preparation would also be much easier to conduct 
if researchers had better measures of student outcomes than standardized 
achievement scores in mathematics and reading. Although scores are read-
ily available and easy to use, they provide incomplete measures of both 
students’ learning and the effects of teachers (though assessment issues dif-
fer across the school subjects). We also believe there is much to be learned 
regarding the links between teacher preparation and the knowledge and 
skills teachers display in the classroom. Recently, there has been substantial 
interest in the development of observational protocols that measure vari-
ous domains of teaching that have been linked to student outcomes (e.g., 
Mashburn et al., 2007; Matsumara et al., 2008; Grossman et al., 2009). 
Observational protocols offer a vehicle for exploring the contributions of 
teacher preparation and evaluating teachers’ effectiveness.

A strong research program designed to illuminate the ways teacher 
preparation influences outcomes for students would include evidence drawn 
from a variety of different perspectives, with the goal of establishing not 
only whether a particular feature of preparation is important to student 
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outcomes, but also why it is important. At present, research has provided 
only a fragmented and limited picture of how characteristics of teacher 
preparation improve student outcomes.

In our judgment, the simplest and most effective way to produce a 
clearer picture would be to focus research on the aspects of preparation that 
have the highest potential for effects on outcomes for students. Existing re-
search provides some guidance on three aspects of teacher preparation that 
are likely to have the strongest effects: content knowledge, field experience, 
and the quality of teacher candidates.

Content Knowledge

There are strong reasons to believe that teachers need relevant con-
tent knowledge to be effective. Nevertheless, there is surprisingly little 
research that establishes clear and strong connections between teacher 
content knowledge and student learning. Throughout the report we discuss 
the challenges of isolating these connections—not only that the measures 
of both content knowledge and student learning are weak, but also that 
the relationships among learning, learners, classroom practice, and teacher 
preparation are complex. Nevertheless, we believe understanding how con-
tent knowledge influences student outcomes is very important.

The conclusions we drew about the research that was needed related 
to preparation in reading, mathematics, and science focus on this point. 
Looking across these three fields, we note several topics that would be 
fruitful for research:

•	 �Clarify what is meant by teacher knowledge and how that construct 
can best be measured, and how content knowledge interacts with 
knowledge of the pedagogical application of that knowledge.

•	 Develop better measures of student learning of academic content.
•	 �Establish the extent to which measures of teacher content knowl-

edge can predict student learning.
•	 �Conduct intervention studies in which teacher content knowledge 

is enhanced and the intervention group is compared with one or 
more control groups established by a rigorous research design, such 
as randomized trials.

Field Experience

Most observers agree that aspiring teachers should have field experi-
ence as part of their training. Yet reviews of previous research have failed 
to reveal any distinct relationships between the way field experiences are 
structured and implemented and teacher effectiveness. Recent work sug-
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gests that teachers benefit from preparation programs that provide sig-
nificant oversight of field experiences and from field experiences that are 
congruent with candidates’ eventual teaching positions (e.g., Boyd et al., 
2008a). Although this research is suggestive, there is no systematic causal 
evidence on what aspects of field experiences have the greatest effect on 
teacher effectiveness.

A substantial research program could be built around hypotheses 
regarding field experiences. A program that included theoretical work, 
qualitative analysis, statistical analysis, and randomized experiments could 
provide strong causal evidence of the effects and mechanisms by which 
various components of field experiences—such as coplanning, coteach-
ing, scaffolded entry into practice, seminars with mentors, a mentor with 
relevant content and grade level experience, and the like—affect teachers’ 
classroom practices and student achievement. For example, each primary 
component of field experiences could be systematically manipulated in a 
randomized control field trial to examine the relative effects on teacher 
classroom practices and student achievement outcomes.

It is also likely that statistical analysis that exploits the substantial 
differences in current practice would yield insights on relative effective-
ness, although this analysis would require controls for selection effects. 
Qualitative analysis that examined the implementation of the field expe-
rience components would provide important insights on how and why 
these components may influence teacher effectiveness and could offer some 
suggestions on whether there may be important interactive effects. For 
example, one interactive effect that is worth examining is whether teach-
ers who work in low-performing schools benefit more from certain field 
experiences than others.

Quality of Teacher Candidates

The quality of new teachers entering the field depends not only on the 
quality of the preparation they receive, but also on the capacity of prepara-
tion programs to attract and select academically able people who have the 
potential to be effective teachers. Attracting able, high-quality candidates 
to teaching is a critical goal, and there is reason to believe that some path-
ways and programs are much more attractive than others for such potential 
teachers. Less clear are the factors that attract the best candidates, the way 
program selectivity and preparation interact and the effect of each on stu-
dent learning, and the extent to which the importance of these factors vary 
depending on the attributes (such as grade level and ability) of the students 
whom these teachers ultimately teach. That is, though some programs are 
more selective and attractive to academically accomplished candidates, 
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researchers have not clearly established whether those candidates make the 
best teachers.

A Comprehensive Data Collection System

A primary obstacle to investigating these and many other important 
aspects of teacher preparation is the lack of systematic data collection, at 
both the national and state levels. Crowe (2007) found that, apart from the 
methodological problems we have discussed, there is a problem with the 
“availability and quality of data about nearly everything having to do with 
teacher preparation” (p. 2).

The many basic questions that are at present difficult to answer system-
atically include the following:

•	 �What are the characteristics of candidates who enter teacher prepa-
ration programs?

•	 How do those characteristics vary by program or pathway?
•	 �Where do entrants and graduates of preparation programs ulti-

mately teach?
•	 �How long do teachers with different types of preparation continue 

to teach? Are differences in preparation associated with differences 
in teachers’ career trajectories?

•	 Where do teachers with different types of preparation teach?
•	 �How do the knowledge and teaching practices of teachers with 

different types of preparation differ?
•	 �What have been the effects of states’ policies regarding program 

approval and teacher certification?

A more comprehensive approach to data collection would provide both 
baseline monitoring of the status of teacher preparation (and improved 
opportunities to link that information with other aspects of the public 
education system) and a common foundation on which to build research 
efforts that investigate important aspects of teacher preparation. Moreover, 
it would provide the basis for much-needed national attention to the impor-
tance of teacher preparation and the urgency of improving it.

What would a more comprehensive approach look like? A compre-
hensive data system for teacher preparation would provide meaningful 
information about teacher candidates, preparation programs, practicing 
teachers, the schools in which those teachers teach, and the students they 
teach. For example, with respect to teachers, observational measures of 
their skills and practice would provide information about the content of 
preparation that goes beyond degree title, courses taken, or certifications 
attained. Similarly, with respect to students, the standardized performance 

Preparing Teachers: Building Evidence for Sound Policy

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/12882


SUMMARY AND RESEARCH AGENDA	 183

measures that many states currently use provide important information, but 
it will be essential to bring other kinds of information about student learn-
ing into the systems used to track trends and evaluate the effects of teach-
ers. The assessment community has made important strides in developing 
richer measures of achievement, such as portfolios of student work and 
assessments that are embedded in classroom instruction and in developing 
ways to standardize them. Measures of other important aspects of learning, 
such as persistence and motivation, are also important, but at present these 
issues have a very limited presence in large-scale data collection efforts and 
accountability systems.

The new data would be integrated so that information about teacher 
candidates and their preparation could be connected with the knowledge, 
teaching practices, career paths, school environments, and student out-
comes of the teachers who are prepared in different ways. One key to in-
tegration will be consistent definitions of key indicators. At present, states 
each develop their own teacher licensure categories (which may change 
from year to year), determine which assessments teachers must pass—and 
most use many different ones—and what performance level will constitute 
passing. States differ in the way they define teaching assignments and iden-
tify out-of-field teachers, and they even have differing ways of counting 
years of teaching experience. There are countless other sources of variation 
that make it extremely difficult for researchers to compare across states or 
generalize from the available information. Some information is also needed 
on a national basis because substantial numbers of teachers move among 
states during their careers.

A few states have developed exemplary systems for capturing data. 
Florida, for example, has the PK20 Education Data Warehouse (see http://
edwapp.doe.state.fl.us [October 2009]), which is a nationally recognized 
model. This system collects comprehensive information about the entire 
educational system and has built-in linkages so that researchers do not 
need to create cross-files to investigate specific questions. Texas, Utah, and 
Louisiana are developing similar systems. Unfortunately, few states collect 
a significant amount of data about the teacher preparation programs and 
pathways that are not based in their university systems (Crowe, 2007).

The U.S. Department of Education has focused on the problem of 
education data. The Institute for Education Sciences (IES) awarded grants 
to 14 states in 2005 to develop “well-designed, comprehensive statewide 
longitudinal data system[s] with the capacity to follow individual students’ 
performance over time, to transmit student information both within and 
between States, and to provide educators and education researchers with 
the data needed to improve outcomes for students” (see http://nces.ed.gov/
Programs/SLDS/ [October 2009]). High-quality research on teacher edu-
cation will require extending those data systems to information about 
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teachers, their background and education, preparation, and career paths 
across and within school systems.

At the national level, there are other data sources available, though 
none are linked to each other. They include a website maintained by the 
National Student Clearinghouse, which provides electronic verification of 
enrollment, degrees earned, and other information; the website of the Na-
tional Association of State Directors of Teacher Education and Certification 
(NASDTEC), which lists approved college and university teacher prepara-
tion programs; a website mandated as part of the Title II of the 1998 Higher 
Education Amendments accountability system; the National Center for 
Education Information, which collects information on alternative routes; 
and the Core of Common Data (CCD), a project of the National Center 
for Education Statistics that collects a variety of relevant data on schools 
and students (Crowe, 2007).

The Data Quality Campaign (see http://www.dataqualitycampaign.org/ 
[February 2010]) has examined the data collection systems in every state 
and developed a set of recommendations to guide states in collecting com-
prehensive longitudinal data from the entire educational system (preschool 
through higher education) and using it to improve student achievement. 
To provide trustworthy answers to the questions about the connections 
between teacher preparation and student learning for which this committee 
could not find answers, data collection related to teacher preparation that 
is integrated into this type of system would be extremely valuable. Useful 
data collection will cover all levels of the education enterprise, from local 
school districts to states and the federal government. This means that a data 
network, rather than a single monolithic data system is needed. The federal 
government can play a critical role in coordinating definitions and stan-
dards and helping to ensure that measures are common across the nation.

Ideally, there would be a high-quality, well-defined state data system 
in every state that gives explicit attention to collecting baseline informa-
tion about teacher education and its effects. Each state data system would 
use variables defined in the same way and measured in the same way. The 
network would include data analysis files that allow researchers to perform 
secondary analyses to look for causal relationships among the natural varia-
tion in approaches to teacher preparation captured in the data file. Most 
states are now building such databases, and with a reasonably modest 
expenditure of money and effort they could be expanded to collect data on 
the individuals who enter different types of teacher preparation programs 
and the achievement of the students they later teach. A significant sum of 
federal money has recently been targeted for state data systems related to 
education as part of the American Recovery and Reinvestment Act of 2009. 
A key goal for this federal funding is to make data collection more efficient 
and integrated so that it can better support improvement: thus, it is an 
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ideal time to ensure that states incorporate information related to teacher 
preparation in their data collection efforts.

Finally, a targeted longitudinal nationally representative study—similar 
to those that the National Center for Education Statistics has conducted 
in other areas—would make it possible to track individuals from before 
they enter teacher education through their teacher education experiences 
and into the classroom. We recognize that designing such a study would 
be difficult, primarily because it is difficult to anticipate which high school 
students will ultimately pursue teacher education and become teachers. 
But the feasibility of such a study could be explored: if it proved feasible, it 
would provide important information that could not be learned from either 
a national indicator system or existing state databases.

Recommendations

In order for policy makers and teacher educators to have a stronger 
empirical basis for decisions about teacher preparation, a much clearer 
and more detailed picture is needed of teacher candidates and how teacher 
preparation is delivered, as well as a means of tracking changes in this 
picture over time. A body of evidence, developed from multiple perspec-
tives and using an array of research designs, that establishes links between 
teacher preparation and learning—both teachers’ learning and K-12 stu-
dents’ learning—would also be of great value to those who are responsible 
for teacher preparation. Some evidence would come from research intended 
to identify causal links between specific aspects of preparation and students’ 
achievement. Other evidence would come from more systematic collection 
and analysis of both data about teacher candidates and the steps they take 
as they work to become teachers, and descriptive information about pro-
grams and pathways (such as analysis of accreditation materials, syllabi, 
course descriptions, and other program documents, as well as interviews 
and other observations).

Research on the link between preparation and teachers’ knowledge of 
content and research-based instructional practices and frameworks and 
between preparation and teachers’ skills and performance in classrooms 
would also be valuable. Some of this research would also examine the con-
texts in which teachers from various programs and pathways are more or 
less able to use the knowledge and research-based skills they develop during 
preparation and the conditions that support or constrain their capacity to 
use what they know.

There is currently almost no nation that is not concerned about teacher 
quality and teacher preparation. The conviction is widely shared that the 
economic health of a nation depends on the quality of its education system, 
which in turn depends directly on how teachers are selected, prepared, sup-
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ported, and evaluated. The U.S. Congress has asked for answers to impor-
tant questions about teacher candidates and the nature and quality of the 
preparation they receive. We offer two recommendations for building an 
empirical base to provide more complete answers to these questions:

Recommendation 9-1: The U.S. Department of Education should take 
the lead in coordinating existing data collection efforts and encour-
aging new ones, with the goal of developing a national education 
data network that incorporates comprehensive data related to teacher 
education.

Such a network would provide both baseline monitoring of the status of 
teacher preparation (and improved opportunities to link that information 
with other aspects of the public education system) and a common founda-
tion on which to build research efforts that investigate important aspects 
of teacher preparation.

Ultimately, the kind of network we are recommending would include

•	 �systems that provide integrated data within states using common 
definitions across states;

•	 �a short-term national indicator system to monitor the status of 
teacher education; and

•	 �a longitudinal, nationally representative study of teachers’ career 
pathways beginning with their undergraduate education.

Recommendation 9-2: Researchers and those who fund research related 
to teacher preparation should focus on topics that have the highest 
potential effects on outcomes for students, specifically, research that 
explores the benefits of particular kinds of teacher knowledge and 
clinical experiences and the factors that affect the quality of entering 
teacher candidates.

Teacher preparation is a key element in the K-12 education system, not 
an isolated enterprise. It is affected by and affects every other element in 
the system. The logic of systemic standards-based reform of public educa-
tion is very clear in calling for each element of the system to be aligned to 
consistent state standards. Data collection and accountability at the state 
level are critical to this alignment as well. Teacher preparation has not yet 
been brought into this alignment at the state level, but high expectations 
for teachers and for teacher preparation programs are a critical aspect of 
an aligned system.
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The quality of the nation’s teachers has been the subject of blistering 
critiques, as have the institutions that prepare teachers. Moreover, the 
preparation offered to aspiring teachers has long been characterized by 
inequity in both resources and opportunities. This report begins by high-
lighting how much teacher preparation matters, both to the long-term suc-
cess of efforts to improve public education and to immediate outcomes for 
students. Policy makers, educational researchers, and scholars in relevant 
fields have shown a growing awareness of its importance and of the gaps 
in the knowledge base.

The critical questions about teacher preparation cannot be answered 
without the kind of nationwide coordination we call for. Clearer under-
standing of the content and character of effective teacher preparation is 
critical to improving it and to ensuring that the same critiques and ques-
tions are not being repeated 10 years from now.
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Appendix A

Dissent, Michael Podgursky

This report goes beyond our charge from Congress. We were not 
asked to make recommendations about how teachers ought to be 
prepared or the necessary preparation of teachers. We were not 

asked to make recommendations to states about how they should approve 
teacher training programs. There is simply no scientific research basis for 
making these recommendations.

Congress asked us to assess available data on teacher preparation 
programs in the United States and whether the training teachers receive 
is consistent with scientifically based research. If reliable data are lacking 
(as they clearly are), we were to make recommendations regarding data 
collection.

Since the body of scientifically based research on teacher preparation is 
very thin, the committee chose to rely heavily on descriptive and qualitative 
studies, as well as the opinions of panels of teachers and teacher educators. 
This evidence is then reported in ways that obfuscate the weak research 
base for the recommendations. The report frequently asserts that these 
various types of evidence are consistent, but it fails to provide supporting 
documentation.

The proposals for data collection are not well thought out. Clearly it 
would be useful to know more about what teacher training programs do. 
However, the rather nebulous language used to describe elements of such a 
database are not helpful or practical. The proposal for a national longitu-
dinal survey on teacher candidates is not well developed.
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Appendix B

How Teachers Learn Critical Knowledge 
and Skills: Tracing One Example

Learning Objective

Reading diverse text with understanding.

Student’s Opportunity to Learn

Develop and enhance language and meta-cognitive skills to meet the de-
mands of specific printed texts.

Experience supported opportunities to learn to interpret diverse kinds of 
texts for diverse purposes.

Teacher Study

Linguistic and psychological studies:

•	 �development of oral and written language abilities, including relations 
among meta-cognitive abilities, print processing abilities, and compre-
hension abilities

•	 �theories of text-comprehension
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Pedagogy of reading (teaching and assessing):

•	 �activities to develop and practice comprehension and metacognition 
strategies on oral language, on written text read aloud, and as the stu-
dent reads independently

•	 activities to develop concepts and words (oral and written)
•	 �activities to develop the skills needed to lead text-based discussions fo-

cused on constructing the meaning of text and engaging in knowledge 
building with text

Teacher’s Opportunity to Demonstrate Knowledge

Suppose a linguistically/culturally diverse student in your classroom has 
excellent decoding skills but has trouble comprehending the texts you as-
sign. What are some reasons why comprehension may be a problem for 
this student?

Describe the interplay between prior knowledge and reading strategies as 
students read and comprehend a text on a particular topic.

Analyze a text for its affordances and challenges and identify probing ques-
tions that will assess students’ understanding of the content.

Discuss the purpose and use of comprehension strategies. When do readers 
use them? How do they contribute to reading comprehension?

Discuss how readers’ perspectives influence what they comprehend and 
interpret from a text.

Teacher’s Opportunity to Demonstrate Practice

Select a text that you or your cooperating teacher uses as part of the 
regular curriculum—this could be a selection in a basal reading program 
or a leveled text or a trade book. Read through the text and identify the 
likely areas where your linguistically/culturally diverse student may have 
trouble comprehending the text. Plan a lesson that builds or activates prior 
knowledge to build a bridge between what your student knows and the new 
information the student needs to understand the text better.

Select two different, but relatively easy, texts for your students to read, one 
on a familiar topic and one on an unfamiliar topic. Develop, conduct, and 
evaluate a lesson in which you show students how you can read texts on 
a familiar topic by activating and using prior knowledge. Then show them 
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how you often use comprehension strategies to comprehend a text on the 
unfamiliar topic since you do not have much background information on 
which to rely.

Select a text that will be used in content instruction (a text book or trade 
book). Identify a set of learning goals appropriate to the use of that text; 
identify semantic and linguistic features that might impede students’ com-
prehension of the text, script how you will launch the discussion of the text, 
and script a set of probing questions that you will use to guide a discussion 
of the text so that the discussion is consistent with your learning goals and 
reflects the textual challenges.

Read a text on a topic with which you are very unfamiliar. As you read, 
think about and list the different comprehension strategies you use to assist 
you in making sense of this difficult text. In a small group, discuss with your 
peers the strategies you used and the reasons why you used them. Next use 
a think-aloud to assess a typical third-grader’s comprehension abilities as 
the student reads a text. Make a list of the specific strategies the student 
uses. Compare and contrast these lists with your peers. Develop a profile of 
a typical third-grade reader’s strategies for comprehending text.

Develop, implement and evaluate a comprehension lesson where students 
learn how to revisit a story from a different perspective. Then, ask students 
to write a story of their choosing from a perspective that is different from 
the one taken by the author of the story.
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Appendix C

Biographical Sketches of 
Committee Members

Ellen Condliffe Lagemann (Cochair, 2007-2009, Chair, 2009-2010) is the 
Levy Institute research professor and a senior scholar at the Levy Econom-
ics Institute at Bard College in New York. Previously, she was the Charles 
Warren professor of the history of American education at Harvard Univer-
sity and former dean of the Harvard Graduate School of Education. She 
also served as the president of the Spencer Foundation, as a professor of his-
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at the Teachers College at Columbia University. She is a past president of 
the National Academy of Education and the History of Education Society, 
and has served on the boards of the Teaching Commission, Jobs for the 
Future, the Russell Sage Foundation, and the Center for Advanced Study in 
the Behavioral Sciences. She has written widely on many topics, including 
education reform, education research, philanthropy in education, women’s 
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centrated on teacher education across the professional lifespan; teaching 
and issues of race, class, culture, and gender; teacher research/practitioner 
inquiry; children’s early language and literacy learning, and outcomes, 
teaching quality, and competing agendas for education reform. She has a 
B.A. in sociology from the College of Wooster, an M.Ed. in curriculum and 
instruction from Cleveland State University, and a Ph.D. from the Univer-
sity of Pennsylvania.

Janice Dole is in the Department of Teaching and Learning at the University 
of Utah. After several years as an elementary teacher, she held positions at 
the University of Denver, the Center for the Study of Reading at the Uni-
versity of Illinois at Urbana-Champaign, and Michigan State University. 
She has written for many different audiences, including teachers, adminis-
trators, and reading researchers and other educational researchers. She is 
currently a member of the Reading Development Panel for the National 
Assessment of Educational Progress and working for the research and 
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development section of the American Federation for Teachers. Her current 
research focuses on comprehension instruction at the K-3 level and reading 
professional development for K-3 teachers in at-risk schools. She has M.A. 
and Ph.D. degrees from the University of Colorado.

Donald N. Langenberg is chancellor emeritus of the 13-institution Uni-
versity System of Maryland. Previously, he was a professor of physics and 
then chancellor of the University of Illinois at Chicago. He served as deputy 
director of the National Science Foundation under President Jimmy Carter. 
His research has been primarily in experimental condensed matter physics 
and materials science, with a major focus on the study of superconductivity. 
He has served as chair of the American Association for the Advancement 
of Science and of the National Association of State Universities and Land 
Grant Colleges, as president of the American Physical Society, and on the 
boards of the Alfred P. Sloan Foundation and the University of Pennsylva-
nia. As chair of the National Reading Panel in 1998-2000, he headed the 
committee that issued Teaching Children to Read. He has a B.S. from Iowa 
State University, an M.S. from the University of California at Los Angeles, 
and a Ph.D. from the University of California at Berkeley, all in physics. 
He also has received honorary degrees from the University of Pennsylvania 
and the State University of New York.

Ronald Latanision is the corporate vice president and practice director 
of the Mechanical Engineering and Materials Science Center at Exponent 
Consulting, Inc. He is the author or co-author of more than 200 scientific 
publications, and he has been a consultant to industry and government. He 
served as a science adviser to the Committee on Science and Technology 
of the U.S. House of Representatives, and he served on the Nuclear Waste 
Technical Review Board under President George W. Bush. He is a member 
of the National Academy of Engineering and of the American Academy 
of Arts and Sciences. He has a B.S. in metallurgy from the Pennsylvania 
State University and a Ph.D. in metallurgical engineering from Ohio State 
University.

James Lewis is a professor in the Department of Mathematics and direc-
tor of the Center for Science, Mathematics, and Computer Education at 
the University of Nebraska at Lincoln. He previously served as depart-
ment chair, and during that tenure the department won the university-wide 
Departmental Teaching Award and a Presidential Award for Excellence 
in Science, Mathematics, and Engineering Mentoring. He served as the 
coprincipal investigator for the Nebraska Math and Science Initiative and 
led a study to revise the mathematics education of future elementary school 
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teachers at the university. He has M.S. and Ph.D. degrees in mathematics 
from Louisiana State University.

David H. Monk is professor of educational administration and dean of 
the College of Education at the Pennsylvania State University. Previously, 
he was a professor at Cornell University, and he has also been a 3rd-grade 
teacher and a visiting professor at the University of Rochester and the Uni-
versity of Burgundy in Dijon, France. He serves on the editorial boards of 
The Economics of Education Review, The Journal of Education Finance, 
Educational Policy, and the Journal of Research in Rural Education. He 
consults widely on matters related to educational productivity and the 
organizational structuring of schools and school districts and is a past 
president of the American Education Finance Association. He has an A.B. 
in economics from Dartmouth College and a Ph.D. in educational admin-
istration from the University of Chicago.

Annemarie Sullivan Palincsar is the Jean and Charles Walgreen Jr. profes-
sor of reading and literacy in the School of Education at the University of 
Michigan. Her research focuses on the design of learning environments that 
support self-regulation in learning activity, especially for children who ex-
perience difficulty learning in school. She studies how children use literacy 
in the context of guided inquiry science instruction, what types of text 
support children’s inquiry, and what support students who are identified as 
atypical learners. She is a member of the Reading Study Group at RAND, 
the National Education Goals Panel, and the National Advisory Board to 
Children’s Television Workshop. She is the coeditor of Cognition and In-
struction. She has a B.S. in special education from Fitchburg State College 
and M.S. and Ph.D. degrees in education from the University of Illinois at 
Urbana-Champaign.

Michael Podgursky is Middlebush professor of economics at the Uni-
versity of Missouri at Columbia. Previously, he served on the faculty of 
the University of Massachusetts at Amherst. He has published numerous 
articles and reports on education policy and teacher quality and coau-
thored a book titled Teacher Pay and Teacher Quality. He is a member 
of the advisory boards of the National Center for Teacher Quality and 
the American Board for Certification of Teacher Excellence. Podgursky 
served on the faculty of the University of Massachusetts at Amherst. He 
has a B.A. degree in economics from the University of Missouri at Co-
lumbia and a Ph.D. degree in economics from the University of Wisconsin 
at Madison.
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Andrew Porter is dean of the Graduate School of Education and the George 
and Diane Weiss Professor of Education at the University of Pennsylvania. 
He has published widely on psychometrics, student assessment, education 
indicators, and research on teaching. His current work focuses on curricu-
lum policies and their effects on opportunity to learn, and includes serving 
as codirector of System-Wide Change for All Learners and Educators, as 
the principal investigator of studies on the use of longitudinal designs to 
measure effects of professional development and on improving effectiveness 
of instruction in mathematics and science with data on enacted curriculum, 
and aas a member of the Consortium for Policy Research in Education. 
He is an elected member and former officer of the National Academy of 
Education, a lifetime National Associate of the National Academies, and 
past president of the American Educational Research Association. He has 
a B.S. in education from Indiana University and M.A. and Ph.D. degrees in 
educational psychology from the University of Wisconsin.

Kenneth Shine is Executive Vice Chancellor for Health Affairs of the Uni-
versity of Texas System and professor of medicine emeritus at the University 
of California at Los Angeles.  He is the former president of the Institute of 
Medicine at the National Academies and was the founding director of the 
RAND Center for Domestic and International Health Security.  A cardiolo-
gist and physiologist, he is a fellow of the American College of Cardiology 
and American College of Physicians and a member of many other honorary 
and academic societies, including the Institute of Medicine.  He has served 
as chair of the Council of Deans of the Association of American Medical 
Colleges and as president of the American Heart Association. He has an 
A.B. in biochemical sciences from Harvard College and an M.D. from 
Harvard Medical School. 

Edward Silver is William A. Brownell collegiate professor of Education 
and professor of mathematics at the School of Education at the University 
of Michigan. Previously, he was a senior scientist at the Learning Research 
and Development Center and professor at the University of Pittsburgh. 
His research interests focus on the teaching, learning, and assessment of 
mathematics, particularly mathematical problem solving. He is also actively 
involved in efforts to promote high-quality mathematics education for all 
students, particularly Hispanic students. He has served on a number of 
editorial boards and has published numerous articles and several books 
in the field of mathematics education. He has a B.A. in mathematics from 
Iona College, an M.S. in mathematics from Columbia University, and M.A 
and Ed.D. degrees in mathematics education from Teachers College of 
Columbia University.
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Dorothy Strickland is the Samuel DeWitt Proctor professor of education at 
Rutgers, the State University of New Jersey. Previously, she was a classroom 
teacher in the New Jersey public schools, the Arthur I. Gates professor at 
Teachers College of Columbia University, and a faculty member at Kean 
University and New Jersey City University. She is a past president of both 
the International Reading Association and its Reading Hall of Fame, and 
she has held several elected positions in the National Council of Teachers 
of English. She is also active in the National Association for the Education 
of Young Children and was a member of the panel that produced Becoming 
a Nation of Readers. She has a B.S. in elementary education from Newark 
State College (now Kean University) and an M.A. in educational psychol-
ogy a Ph.D. in early childhood and elementary education from New York 
University.

Suzanne Wilson is a university distinguished professor and chair of the De-
partment of Teacher Education and director of the College of Education’s 
Center for the Scholarship of Teaching at Michigan State University. Her 
work spans several domains, including teacher learning, teacher knowledge, 
and the connection between educational policy and teachers’ practice. She 
has also conducted research on history and mathematics teaching. Her cur-
rent work focuses on developing sound measures for tracking what teach-
ers learn in teacher preparation, induction, and professional development. 
She has a B.A. and teaching certificate in American History and American 
civilization from Brown University and an M.S. in statistics and a Ph.D. in 
educational psychology from Stanford University.

Hung-Hsi Wu is a professor of mathematics at the University of California 
at Berkeley. His mathematics research focuses on differential geometry, 
and he has authored numerous research papers and monographs, as well 
as three graduate level textbooks in Chinese. He has also been involved 
in K-12 mathematics education, working on the development of Califor-
nia’s Mathematics Professional Development Institutes and the California’s 
Mathematics Framework. He served as a member of the Mathematics 
Steering Committee of the National Assessment of Educational Progress 
and Achieve. He has an A.B. from Columbia University and a Ph.D. in 
mathematics from the Massachusetts Institute of Technology.

James Wyckoff is a professor in the Curry School of Education at the Uni-
versity of Virginia. He has written widely on issues of education finance, 
including teacher compensation and teacher recruitment and retention of 
teachers in New York State. Currently, he examining attributes of teacher 
preparation programs and pathways and induction programs that are effec-
tive in increasing the retention of teachers and the performance of students. 
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He directs the Education Finance Research Consortium and serves on the 
editorial boards of Education Finance and Policy and the Economics of Ed-
ucation Review. He is a past president of the American Education Finance 
Association. He has a B.A. in economics from Denison University and a 
Ph.D. in economics from the University of North Carolina at Chapel Hill.
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