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Foreword

he National Academies have been in the business of bringing sci-

ence to bear on pressing problems since 1863. Our operating arm—

the National Research Council (NR C)—has produced hundreds of
reports that synthesize scientific knowledge in a wide range of areas that
affect the public interest. Most of this work involves scientists acting to
promote rational decision making in matters of public policy. Less often,
our reports explicitly comment on the nature of the scientific enterprise
itself. This report is such an example. Its authoring committee was
assembled amid vibrant debate about quality and rigor in scientific educa-
tion research. In the course of its work, the committee revisited long-
standing philosophies about the nature of science, so as to place them in
the context of modern education research.

Because in many ways this report is itself a product of scientific work,
it had to live up to its own depiction of what constitutes good science. The
authoring committee has applied rigorous reasoning to its scrutiny of evi-
dence and ideas, considered alternative perspectives, and presented its find-
ings and conclusions in a language that invites constructive discussion.

I hope that Scientific Research in Education will advance the current
dialogue in at least two respects. First, it offers a comprehensive perspec-
tive of “scientifically-based” education research for the policy communi-
ties who are increasingly interested in its utilization for improving educa-
tion policy and practice. Second, the report shows that, within the diverse
field of education, researchers who often disagree along philosophical and

FOREWORD
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methodological lines nonetheless share much common ground about the
definition and pursuit of quality. This report should therefore be useful for
researchers, as well as for those who use research.

This effort continues a series of recent institutional changes and initia-
tives within the NR C designed to elevate the role of education research in
improving policy and practice. In 1999, we created the Center for Edu-
cation to integrate and strengthen our already substantial portfolio of work
in education and education research. In addition, a major NR C initiative
called the Strategic Education Research Partnership focuses on developing
the capacity and infrastructure to systematically link education research
and practice. Taken together, these and future efforts are intended to help
transform education into an increasingly evidence-based field—one of the
most important goals of my presidency.

Like any good scholarly work, this book will no doubt incite debate
and discussion, invite critique and commentary, and claim its defenders and
detractors. As the authors argue in the pages that follow, this kind of
professional, constructive discourse is precisely what characterizes a healthy
scientific community. We welcome the dialogue to come.

Bruce Alberts
President, National Academy of Sciences

FOREWORD
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Executive Summary

o one would think of getting to the Moon or of wiping out a

disease without research. Likewise, one cannot expect reform

efforts in education to have significant effects without research-
based knowledge to guide them. Scientific research in education can shed
light on the increasingly complex and performance-driven U.S. education
system. Such research covers a wide range of issues, including teaching
second-language learners, measurement of achievement and self-concept,
the biological and psychological basis of language and cognition, public
school finance, and postsecondary and life-long learning outcomes.

There is long-standing debate among scholars, policy makers, and others
about the nature and value of scientific research in education and the extent
to which it has produced the kind of cumulative knowledge expected of
scientific endeavors. Most recently, this skepticism led to proposed legis-
lation that defines what constitutes rigorous scientific methods for con-
ducting education research.

That proposal, coupled with rising enthusiasm for evidence-based
education policy and practice, led to this National Research Council study
to examine and clarify the nature of scientific inquiry in education and
how the federal government can best foster and support it. Specifically, the
charge to the committee was to ““. .. review and synthesize recent literature
on the science and practice of scientific educational research and consider
how to support high quality science in a federal education research agency.”
We did not attempt to evaluate the quality of bodies of existing research,
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of existing researchers in the field, or of the existing federal research func-
tion because that would have constituted a monumental challenge and we
judged it to be beyond the scope of our charge. Instead, we adopted a
torward-looking approach that draws on lessons from history and identifies
the roles of various stakeholders (e.g., researchers, policy makers, prac-
titioners) in fulfilling a vision for the future of education research.

NATURE OF SCIENCE

At its core, scientific inquiry is the same in all fields. Scientific research,
whether in education, physics, anthropology, molecular biology, or eco-
nomics, is a continual process of rigorous reasoning supported by a dynamic
interplay among methods, theories, and findings. It builds understandings
in the form of models or theories that can be tested. Advances in scientific
knowledge are achieved by the self-regulating norms of the scientific com-
munity over time, not, as sometimes believed, by the mechanistic application
of a particular scientific method to a static set of questions.

The accumulation of scientific knowledge over time is circuitous and
indirect. It often traverses highly contested territory—by researchers and
other interested parties—and progresses as a result of a not-so-invisible
hand of professional skepticism and criticism. Rarely does one study pro-
duce an unequivocal and durable result; multiple methods, applied over
time and tied to evidentiary standards, are essential to establishing a base of
scientific knowledge. Formal syntheses of research findings across studies
are often necessary to discover, test, and explain the diversity of findings
that characterize many fields. And it takes time to build scientific knowl-
edge, whether in the physical, life, and social sciences or in areas related to
education.

The scientific enterprise depends on a healthy community of researchers
and is guided by a set of fundamental principles. These principles are not
a set of rigid standards for conducting and evaluating individual studies,
but rather are a set of norms enforced by the community of researchers
that shape scientific understanding. We conclude that six guiding principles
underlie all scientific inquiry, including education research:

SCIENTIFIC RESEARCH IN EDUCATION
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SCIENTIFIC PRINCIPLE 1
Pose Significant Questions That Can Be Investigated Empirically

Moving from hunch to conceptualizing and specifying a worth-
while question is essential to scientific research. Questions
are posed in an effort to fill a gap in existing knowledge or to
seek new knowledge, to pursue the identification of the cause
or causes of some phenomena, or to formally test a hypothesis.
Ultimately, the final court of appeal for the viability of a
scientific hypothesis or conjecture is its empirical adequacy.
Scientists and philosophers commonly hold that the testability
and refutability of scientific claims or hypotheses is an impor-
tant feature of scientific investigations that is not typical in
other forms of inquiry. The questions, and the designs devel-
oped to address them, must reflect a solid understanding of
the relevant theoretical, methodological, and empirical work
that has come before.

SCIENTIFIC PRINCIPLE 2
Link Research to Relevant Theory

It is the long-term goal of much of science to generate theories
that can offer stable explanations for phenomena that gener-
alize beyond the particular. Every scientific inquiry is linked,
either implicitly or explicitly, to some overarching theory or
conceptual framework that guides the entire investigation.
Science generates cumulative knowledge by building on,
refining, and occasionally replacing, theoretical under-
standing.

SCIENTIFIC PRINCIPLE 3
Use Methods That Permit Direct Investigation of the Question

Methods can only be judged in terms of their appropriateness
and effectiveness in addressing a particular research question.
Moreover, scientific claims are significantly strengthened when
they are subject to testing by multiple methods. While appro-
priate methodology is important for individual studies, it also

EXECUTIVE SUMMARY

Copyright National Academy of Sciences. All rights reserved.

3


http://www.nap.edu/10236

Scientific Research in Education

4

has a larger aspect. Particular research designs and methods
are suited for specific kinds of investigations and questions,
but can rarely illuminate all the questions and issues in a line
of inquiry. Therefore, very different methodological approaches
must often be used in various parts of a series of related studies.

SCIENTIFIC PRINCIPLE 4
Provide a Coherent and Explicit Chain of Reasoning

At the core of science is inferential reasoning: explanations,
conclusions, or predictions based on what is known and
observed. Making scientific inferences is not accomplished by
merely applying an algorithm for using accepted techniques
in correct ways. Rather, it requires the development of a logi-
cal chain of reasoning from evidence to theory and back again
that is coherent, shareable, and persuasive to the skeptical
reader. The validity of inferences made through this process
is strengthened by identifying limitations and biases, estimat-
ing uncertainty and error, and, crucially, systematically ruling
out plausible counterexplanations in a rational, compelling
way. Detailed descriptions of procedures and analyses are
critical to permit others to critique, to analyze, and to attempt
to replicate, a study.

SCIENTIFIC PRINCIPLE 5
Replicate and Generalize Across Studies

Scientific inquiry emphasizes checking and validating indi-
vidual findings and results. Since all studies rely on a limited
set of observations, a key question is how individual findings
generalize to broader populations and settings. Ultimately,
scientific knowledge advances when findings are reproduced
in a range of times and places and when findings are inte-
grated and synthesized.

SCIENTIFIC RESEARCH IN EDUCATION
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SCIENTIFIC PRINCIPLE 6
Disclose Research to Encourage Professional Scrutiny and
Critique

Scientific studies do not contribute to a larger body of knowl-
edge until they are widely disseminated and subjected to
professional scrutiny by peers. This ongoing, collaborative,
public critique is an indication of the health of a scientific
enterprise. Indeed, the objectivity of science derives from pub-
licly enforced norms of the professional community of scien-
tists, rather than from the character traits of any individual
person or design features of any study.

APPLICATION OF THE PRINCIPLES TO EDUCATION

While all sciences share common principles, every field of study devel-
ops a specialization as the principles are applied. Education has its own set
of features—not individually unique from other professional and disciplin-
ary fields of study, but singular in their combination—that gives rise to the
specialization of education research.

Education is multilayered, constantly shifting, and occurs within an
interaction among institutions (e.g., schools and universities), communi-
ties, and families. It is highly value laden and involves a diverse array of
people and political forces that significantly shapes its character. These
features require attention to the physical, social, cultural, economic, and
historical environment in the research process because these contextual
factors often influence results in significant ways. Because the U.S. educa-
tion system is so heterogeneous and the nature of teaching and learning so
complex, attention to context is especially critical for understanding the
extent to which theories and findings may generalize to other times, places,
and populations.

Education research as a profession has defining features as well. For
example, multiple disciplinary perspectives bear on the study of education.
Furthermore, conducting education research that involves studying humans
(e.g., students, teachers) is governed by the need to ensure ethical treat-
ment of these participants. Finally, education research depends on its
relationships with practice. These links exist along a spectrum: some types
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of research require only a weak connection; others require full partnerships
with schools or other entities. In order to analyze state assessment data,
parents and schools have to agree to a test administration. To study mecha-
nisms by which interventions increase student achievement would require
long-term partnerships between research and practice.

The features of education, in combination with the guiding principles
of science, set the boundaries for the design of scientific education research.
The design of a study does not make the study scientific. A wide variety
of legitimate scientific designs are available for education research. They
range from randomized experiments of voucher programs to in-depth
ethnographic case studies of teachers to neurocognitive investigations of
number learning using positive emission tomography brain imaging. To be
scientific, the design must allow direct, empirical investigation of an
important question, account for the context in which the study is carried
out, align with a conceptual framework, reflect careful and thorough
reasoning, and disclose results to encourage debate in the scientific
community.

DESIGN PRINCIPLES FOR FOSTERING SCIENCE IN A
FEDERAL EDUCATION RESEARCH AGENCY

How should a federal education research agency be designed if the
goal is to foster scientific research on education, given the complexities of
the practice of education, the stringencies of the scientific principles, and
the wide range of legitimate research designs? To address this question, we
did not conduct an evaluation of the Office of Educational Research and
Improvement (OERI), the chief existing research agency in the U.S. Depart-
ment of Education. Moreover, the committee was not charged with, nor
did we attempt to develop, a comprehensive blueprint for federal educa-
tion research agency; that work is best left to organizational design experts
and the political process. Rather, the committee developed six design
principles for a federal education research agency to nurture a scientific
culture within the agency. The precise structure itself is not the critical
element. The committee’s review of the processes and practices across a
range of federal research agencies and of the history of the education research
agency in particular suggests that it is not the nuts and bolts of agency

SCIENTIFIC RESEARCH IN EDUCATION
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mechanics that differentiates successful agencies from unsuccessful ones;
agencies are effective when their culture supports the principles of science.

To develop such a scientific culture, the agency must have an infra-
structure that is insulated from political micromanagement, supported by
sufficient and sustained resources, and led by staff with top scientific and
management credentials who have the flexibility to make decisions and are
accountable for them. Importantly, responsibility for the success of such an
agency lies with all education stakeholders. The government cannot man-
date a healthy federal role. In particular, the community of education
researchers—as a matter of professional responsibility—must engage in its
work to promote the agency’s critical role in a vibrant education research
enterprise. The design principles that follow elaborate these core ideas and
include suggestions for supporting mechanisms.

DESIGN PRINCIPLE 1
Staff the Agency with People Skilled in Science, Leadership,
and Management

The director of the agency should have demonstrated out-
standing leadership capabilities and be a respected researcher
in education. Research staff should hold similar qualifications,
as well as be adept at writing grant announcements, engag-
ing with the field to identify research gaps and priorities, and
assembling panels of peers to perform various tasks. Qualified
staff is so critical to a healthy agency that we believe without
them, little else matters. Only with such staff can the norms
of scientific research in education become infused into the
agency.

DESIGN PRINCIPLE 2
Create Structures to Guide the Research Agenda, Inform
Funding Decisions, and Monitor Work

The research agenda must be developed through a collabora-
tive process that engages the range of stakeholders in educa-
tion. An advisory board of researchers, practitioners, business
people, and policy makers (perhaps modeled after the Na-
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tional Science Board) could work in collaboration with an
agenda-setting committee. To provide additional input to the
agenda-setting process, as well as to vet research proposals,
peer review is the single best, although certainly not perfect,
model. Standing peer-review panels, preferably with rotat-
ing terms, can learn from, and communicate to, the field and
in turn be especially strong instruments for promoting scien-
tific progress over time. The choice of peers with excellent
scientific credentials and an ability to think across areas is the
key to making this commonly used mechanism work, and
depends critically on an ample talent pool of peers.

DESIGN PRINCIPLE 3
Insulate the Agency from Inappropriate Political Interference

The research agency must be insulated from political micro-
management, the distortion of research agendas by excessive
focus on immediate problems, and the use of the agency as a
tool to promote particular policies or positions. At the same
time, its work should include policy research and short-term
work that is responsive to current priorities and needs. Given
trends in “hybrid” federal organizations that support both
education research and service-oriented programs, we suggest
that the research function of an agency be organizationally
separate from, though intellectually linked to, an educational
improvement mission to ensure that the research mission is
nurtured.

DESIGN PRINCIPLE 4

Develop a Focused and Balanced Portfolio of Research That
Addresses Short-, Medium-, and Long-term Issues of
Importance to Policy and Practice

Short- and medium-term scientific studies are most respon-
sive to the need for answers to questions of pressing problems
of practice and policy. Long-term studies address fundamen-
tal questions by focusing on the development and testing of
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theoretical frameworks. All should be organized in coherent
programs of related work. The portfolio should include
research syntheses as well as new scientific investigations.

DESIGN PRINCIPLE 5
Adequately Fund the Agency

Estimates of the federal investment in education research have
shown it to be a few tenths of one percent of the total amount
spent on public elementary and secondary education each
year—far less than comparable investments for agriculture and
medicine. The research budget of the OERI (and its predecessor
agency, the National Institute of Education) has fallen dras-
tically since its inception: in 1973, its budget was over $525
million; today, it is approximately $130 million (both in 2000
dollars). As funding plummeted, there has been no commen-
surate change in the scope of its agenda, and thus there have
been few opportunities for long-term research programs. We
echo the calls of several previous studies and commissions for
a significantly increased research budget if its agenda is to
cover the breadth of content required of its predecessors.
Stagnant funding, an inconsistent commitment, or both,
means that scientific research in education is not being taken
seriously.

DESIGN PRINCIPLE 6
Invest in Research Infrastructure

The agency should consistently invest in infrastructure-building
programs to foster a scientifically competent, highly qualified
community of education researchers and to strengthen its own
capacity in turn. Since an agency in many ways is a reflection
of the field it supports, such programs should include invest-
ment in human capital (e.g., research training and fellowship
support). Promoting ethical access to research subjects and
data should be an essential task as well. An agency should
also do its part to facilitate relationships between practitioners
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and researchers both for basic access to data as well as, in
many field-based research efforts, for long-term partnerships
with practitioner communities to improve the research as well
as its utilization.
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Introduction

orn of egalitarian instincts, the grand experiment of U.S. public
education began over 200 years ago. The scope and complexity of
its agenda is apparent:

to teach the fundamental skills of reading, writing, and arithmetic;
to nurture critical thinking; to convey a general fund of knowledge;
to develop creativity and aesthetic perception; to assist students in
choosing and preparing for vocations in a highly complex economy;
to inculcate ethical character and good citizenship; to develop physi-
cal and emotional well-being; and to nurture the ability, the intel-
ligence, and the will to continue on with education as far as any
particular individual wants to go (Cremin, 1990, p. 42).

The educational system is no less complex. Today the United States
sends more than 45 million children to schools that are governed by 15,000
independent school districts in the 50 states (and territories); it boasts
thousands of colleges and universities and myriad adult and informal
learning centers. The nation takes pride in reaffirming the constitutional
limitations on the federal role in education, yet recently has tentatively
embraced the idea of national standards. The system is one of dualities: a
national ethos with local control; commitment to excellence and aspira-
tion to equality; and faith in tradition and appetite for innovation.

The context in which this system operates is also changing. The United
States is no longer a manufacturing society in which people with little
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formal education can find moderate- to high-paying jobs. It is now a
service- and knowledge-driven economy in which high levels of literacy
and numeracy are required of almost everyone to achieve a good standard
of living (National Research Council, 1999a; Secretary’s Commission on
Achieving Necessary Skills, 1991; Murnane and Levy, 1996; Judy and
D’Amico, 1997; Packer, 1997). Moreover, to address the challenges of, for
example, low-performing schools, the “achievement gap,” and language
diversity, educators today require new knowledge to reengineer schools in
effective ways.

To meet these new demands, rigorous, sustained, scientific research in
education is needed. In today’s rapidly changing economic and techno-
logical environment, schooling cannot be improved by relying on folk
wisdom about how students learn and how schools should be organized.
No one would think of designing a rocket to the moon or wiping out a
widespread disease by relying on untested hunches; likewise, one cannot
expect to improve education without research.

Knowledge is needed on many topics, including: how to motivate
children to succeed; how effective schools and classrooms are organized to
foster learning; the roots of teenage alienation and violence; how human
and economic resources can be used to support effective instruction; effec-
tive strategies for preparing teachers and school administrators; the inter-
action among what children learn in the context of their families, schools,
colleges, and the media; the relationship between educational policy and
the economic development of society; and the ways that the eftects of
schooling are moderated by culture and language. In order that society can
learn how to improve its efforts to mount effective programs, rigorous
evaluations of innovations must also be conducted. The education research
community has produced important insights on many of these topics (we
trace some of them in Chapter 2). However, in contrast to physics and
other older sciences, many areas of education are relatively new domains
for scientific study, and there is much work yet to do.

Everyone has opinions about schooling, because they were all once in
school. But in this ever more complex world, in which educational prob-
lems tend to be portrayed with the urgency of national survival, there is
(again) an understandable attraction to the rationality and disciplined style
of science. Simply put, for some problems citizens, educators, administrators,
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policy makers, and other concerned individuals want to hear about hard
evidence, they want impartiality, and they want decisions to rest on
reasonable, rigorous, and scientific deliberation. And how can the quality
of science be judged? This is our topic.

To set the stage for this discussion, this chapter provides historical and
philosophical background and describes how the current undertaking fits
into that broader context.

HISTORICAL AND PHILOSOPHICAL CONTEXT

Education research in the United States is barely 100 years old, and its
history is not a simple tale of progress. The study of education drew heavily
on the emerging social sciences, which had found a place in research uni-
versities at the beginning of the twentieth century. That foothold was
often tenuous, however, with intense debates about the essential character
of these “sciences.” Many in academic circles sought to model the social
sciences on the physical sciences, while others—regarding this as “physics
envy —insisted that broader accounts of the nature of science had to be
adopted in order to encompass adequately the range of phenomena in
these newer domains (Lagemann, 2000).

Education research began as a branch of psychology at a time when
psychology was still a part of philosophy. In the first decade of the twen-
tieth century, psychology was emerging as a distinct field, as were the
budding fields of educational psychology, history of education, and educa-
tional administration. By the 1930s, subfields of work that centered on
different subjects of the school curriculum—notably reading, mathematics,
and social studies—had also emerged. As education research continued to
develop new methods and questions and in response to developments in
the social and behavioral sciences, research fields proliferated (Lagemann,
2000; Cronbach and Suppes, 1969).

From the beginning, the field has been plagued by skepticism con-
cerning the value and validity of developing a “science of education.” This
attitude was evident as long ago as the late nineteenth century, when uni-
versities began to establish departments and schools of education. A chorus
of complaints arose from faculty in the arts and sciences concerning the
inclusion of scholars intending to systematically study the organizational
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and pedagogical aspects of schooling. Ellwood Patterson Cubberley, a school
superintendent in San Diego who just before the end of the nineteenth
century was appointed chair of the department of education (later the
School of Education) at Stanford University, arrived on campus ready and
eager to help improve education by generating studies of the history and
current administration of the nation’s public schools. Despite his enthu-
stasm and extraordinary productivity, his colleagues refused to acknowl-
edge that “the study of education could be validly considered either an art
or a science.” On the opposite side of the country Paul Hanus, Harvard’s
first scholar of education, faced similar skepticism. George Herbert Palmer
liked to quip that when “Professor Hanus came to Cambridge, he bore the
onus of his subject.” (quoted in Lagemann, 2000, p. 72). Indeed, a set of
attitudes toward education research that one might call “anti-educationism”
has been a constant to the present day.

Despite this skepticism, the enterprise grew apace. For example, by
the end of the twentieth century, the American Educational Research
Association (AERA) had well over 20,000 members (roughly 5,500 of
whom report research as their primary professional responsibility), orga-
nized into 12 divisions (e.g., administration, curriculum, learning and
instruction, teacher education), some with a number of subsections, and
about 140 special interest groups (American Educational Research Associa-
tion, 2000). This growth in the number of scholars has been notable because
it occurred in the absence of a proportional increase in federal funding.
And as a percentage of the total amount spent on public elementary and
secondary education, the nation as a whole invested less than 0.1 percent
in research (President’s Committee of Advisors on Science and Technology,
1997).

There are several reasons for the lack of public support for education
research. Problems include research quality (Lagemann, 2000; Kaestle, 1993;
Sroufe, 1997; Levin and O’Donnell, 1999), fragmentation of the effort
(National Research Council, 1992), and oversimplified expectations about
the role of research in education reform (National Research Council,
2001d). Another key problem has been the sharp divide between educa-
tion research and scholarship and the practice of education in schools and
other settings. This disconnect has several historic roots: researchers and
practitioners have typically worked in different settings; most researchers
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have been men, while most teachers have been women; and teacher edu-
cation has typically relied on practical experience rather than research.
Operating in different worlds, researchers and practitioners did not develop
the kinds of cross fertilization that are necessary in fields where research
and practice should develop reciprocally—medicine and agriculture faced
similar problems in their early development (Lagemann, 2000; Mitchell
and Haro, 1999).

The epistemology of education research—that is, understanding about
its core nature as a scientific endeavor—has also evolved significantly since
its early days (see Dewey [1929] for an insightful early treatment). Five
dimensions are particularly relevant to this report: the emergence of refined
models of human nature; progress in understanding how scientific knowl-
edge accumulates; recognition that education is a contested field of study;
new developments in research designs and methods; and increased under-
standing of the nature of scientific rigor or quality. We comment briefly
on each below and expand on several of them in the remaining chapters.

Models of Human Nature

In the decades when scientific research in education was gathering
momentum, the most prevalent “models of man” and of human social life
were derived from the mechanistic, positivistic sciences and philosophy of
the nineteenth and twentieth centuries. The most famous example—the
focus of numerous theoretical and methodological battles—was B.E
Skinner’s behaviorism (Skinner, 1953/1965, 1972). Following the work of
the logical positivist philosophers, who believed that talking about entities
that were not available for direct inspection (such as thoughts, values, ideals,
and beliefs) was literally meaningless, Skinner’s research assumed that human
behavior could be explained completely in terms of observable causes—
for example, through schedules of reinforcement and punishment. Although
Skinner’s work laid the foundation for modern theories of behavior (see
National Research Council, 2001b), the behaviorist paradigm excluded
important phenomena from inquiry at the outset of the study. Today, it is
recognized that many phenomena of interest across the domains of the
social sciences and education research result from voluntary human actions
(or from the unintended or aggregate consequences of such actions) even
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though direct measurement of such phenomena is typically not possible.!
Thus, research on human action must take into account individuals’ under-
standings, intentions, and values as well as their observable behavior (Phillips
and Burbules, 2000; Phillips, 2000.)

The development of alternative perspectives on the nature of humans
that are more inclusive than the once-dominant behaviorist perspective
should be regarded as both highly promising and something of a caution-
ary tale for education research. The moral of the rise and at least partial fall
of behaviorism warns the scientific community to resist the tendency to
take a single model (whether behavioral, cognitive, or interpretive), derived
in relation to a limited range of phenomena, and extrapolate it as appro-
priate across all the social and behavioral sciences. There is room in the
mansion of science for more than one model, and also for the creative

tension produced when rival models are deployed (see, for an example,
Greeno et al., 1996).

Progress in Science

If appreciation for multiple perspectives on the nature of humans has
enhanced efforts to develop scientific research, so has a better, more sophis-
ticated awareness of what “progress” in science means and how it is achieved.
Linear models of progress have been put aside in favor of more jagged
ones. Mistakes are made as science moves forward. The process is not
infallible (see Lakatos and Musgrave, 1970); science advances through pro-
fessional criticism and self-correction. Indeed, we show in Chapter 2 that
this jagged progression of scientific progress is typical across the range of
physical and social sciences as well as education research.

A long history of the philosophy of science also teaches that there is
no algorithm for scientific progress (and, consequently, we certainly do not
attempt to offer one in this report). Despite its optimistic-sounding title,
even Sir Karl Popper’s (1959) classic work, The Logic of Scientific Discovery,
makes the point strongly that there is no logical process by which researchers

For example, car purchases—a result of human actions—are easily observable and
trackable; however, the reasons that people purchase a particular brand at a particular
time and in a particular place are not.
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can make discoveries in the first place. Popper also argues that knowledge
always remains conjectural and potentially revisable. Over time, erroneous
theories and inaccurate findings are detected and eliminated, largely by the
process of testing (seeking refutations) that Popper himself described
(Popper, 1965; Newton-Smith, 1981).

Education—A Highly Contested Field

While knowledge in the physical and social sciences and education has
accumulated over time, the highly contested nature of education has had
an effect on the progress of scientific research (Lagemann, 1996). One
reason education is highly contested is because values play a central role:
people’s hopes and expectations for educating the nation’s young are
integrally tied to their hopes and expectations about the direction of society
and its development (Hirst and Peters, 1970; Dewey, 1916). Obviously,
different people see these matters differently. As in other fields that have
such a public character, social ideals inevitably influence the research that
is done, the way it is framed and conducted, and the policies and practices
that are based on research findings. And decisions about education are
sometimes instituted with no scientific basis at all, but rather are derived
directly from ideology or deeply held beliefs about social justice or the
good of society in general.

A second reason that education is contested is that rarely, if ever, does
an education intervention—one important focus of study in the broader
domain of education research—have only one main effect. Both positive
and negative unintended consequences are often important (Cronbach et
al., 1980). Education interventions have costs—in money, time, and effort:
making a judgment on the effectiveness of a treatment is complex and
requires taking account of myriad factors.

In short, education research will inevitably reflect and have to face
many different values, and it will as a consequence produce complex findings.
Ultimately, policy makers and practicing educators will have to formulate
specific policies and practices on the basis of values and practical wisdom
as well as education research. Science-based education research will affect,
but typically not solely determine, these policies and practices.
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Research Design and Method

Research in education has been enhanced by the recent invention of
methods: new observational techniques, new experimental designs, new
methods of data gathering and analysis, and new software packages for
managing and analyzing both quantitative and qualitative data. Rapid
advances in computer technologies have also dramatically increased the
capacity to store and analyze large data sets. As new methods are devel-
oped, they lead to the identification of new questions, and the investigation
of these, in turn, can demand that new methods be devised. We illustrate
this dynamic relationship between methods, theories, empirical findings,
and problems in Chapter 2 and describe common designs and methods
employed to address classes of research questions in Chapter 5.

Scientific Evidence and Rigor

In thinking about the ways that a research conjecture or hypothesis
may be supported by evidence, many philosophers of science have found
it fruitful to adopt a term that was featured in John Dewey’s (1938) treatise,
Logic: The Theory of Inquiry (see, e.g., Phillips and Burbules, 2000). Dewey
wrote of warrants for making assertions or knowledge claims. In science,
measurements and experimental results, observational or interview data,
and mathematical and logical analysis all can be part of the warrant—or
case—that supports a theory, hypothesis, or judgment. However, warrants
are always revocable depending on the findings of subsequent inquiry.
Beliefs that are strongly warranted or supported at one time (e.g., the
geocentric model of the solar system) may later need to be abandoned (for
a heliocentric model). Evidence that is regarded as authoritative at one
time (e.g., ice ages are caused by the eccentricity of the Earth’s orbit) can
be shown later to be faulty (see Chapter 3). Science progresses both by
advancing new theories or hypotheses and by eliminating theories,
hypotheses, or previously accepted facts that have been refuted by newly
acquired evidence judged to be definitive.

To make progress possible, then, theories, hypotheses, or conjectures
must be stated in clear, unambiguous, and empirically testable terms.
Evidence must be linked to them through a clear chain of reasoning.
Moreover, the community of inquirers must be, in Karl Popper’s expres-
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sion, “open societies” that encourage the free flow of critical comment.
Researchers have an obligation to avoid seeking only such evidence that
apparently supports their favored hypotheses; they also must seek evidence
that is incompatible with these hypotheses even if such evidence, when
found, would refute their ideas. Thus, it is the scientific community that
enables scientific progress, not, as Nobel Prize-winning physicist Polykarp
Kusch once declared, adherence to any one scientific method (Mills, 2000
[emphasis added]). We emphasize this notion of community in the scientific
enterprise throughout this report.

These points about the nature of evidence constitute the essence of
our account of rigor in inquiry; these ideas are fleshed out in the rest of
this report. Importantly, our vision of scientific quality and rigor applies to
the two forms of education research that have traditionally been labeled
“quantitative” and “qualitative,” as well as to two forms of research that
have been labeled “basic” and “applied.” These dichotomies have historically
formed fault lines within and outside academia. As our brief discussion of
the emergence of schools of education suggests, the perceived hierarchy of
basic or “pure” science versus its messier cousin—applied research—has
1solated the field of education research from other sciences. Similarly, sharp
distinctions between quantitative and qualitative inquiry have divided the
field. In particular, the current trend of schools of education to favor
qualitative methods, often at the expense of quantitative methods, has invited
criticism. Real problems stem from these “either/or” kinds of preferences,
and we believe that both categorizations are neither well defined nor con-
structive. Thus, beyond a brief discussion that follows, we do not dwell on
them in the report.

It is common to see quantitative and qualitative methods described as
being fundamentally different modes of inquiry—even as being difterent
paradigms embodying quite different epistemologies (Howe, 1988; Phillips,
1987). We regard this view as mistaken. Because we see quantitative and
qualitative scientific inquiry as being epistemologically quite similar (King,
Keohane, and Verba, 1994; Howe and Eisenhart, 1990), and as we recog-
nize that both can be pursued rigorously, we do not distinguish between
them as being different forms of inquiry. We believe the distinction is
outmoded, and it does not map neatly in a one-to-one fashion onto any
group or groupings of disciplines.
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We also believe the distinction between basic and applied science has
outlived its usefulness. This distinction often served to denigrate applied
work (into which category education research was usually placed). But as
Stokes (1997) in Pasteur’s Quadrant made clear, great scientific work has
often been inspired by the desire to solve a pressing practical problem—
much of the cutting-edge work of the scientist who inspired the book’s
title had this origin. What makes research scientific is not the motive for
carrying it out, but the manner in which it is carried out.

Finally, it is important to note that the question of what constitutes
scientific rigor and quality has been the topic of much debate within the
education research community itself since the nineteenth century. Two
extreme views in the field’s complex history are worthy of brief elabora-
tion. First, some extreme “postmodernists” have questioned whether there
is any value in scientific evidence in education whatsoever (see the discus-
sion of these issues in Gross, Levitt, and Lewis, 1997). At the other end of
the spectrum, there are those who would define scientific research in edu-
cation quite narrowly, suggesting that it is only quantitative measures and
tight controls that unambiguously define science (see, e.g., Finn, 2001). We
do not believe that either view is constructive, and in our estimation they
have both compounded the “awful reputation” (Kaestle, 1993) of educa-
tion research and diminished its promise.

PUBLIC AND PROFESSIONAL INTEREST IN
EDUCATION RESEARCH

While federal funding for education research has waxed and (mostly)
waned, the federal government has been clear and consistent in its call for
scientific research into education. The Cooperative Research Act of 1954
first authorized the then Office of Education to fund education research
(National Research Council, 1992). The National Institute of Education
(NIE) was created in 1971 to provide “leadership in the conduct and sup-
port of scientific inquiry into education” (General Education Provisions
Act, Sec. 405; cited in National Research Council, 1992). Likewise, as NIE
was incorporated into the U.S. Office of Educational Research and Improve-
ment (OERI), the quest for the scientific conduct of education research
was front and center (Department of Education Organization Act, 1979;
see National Research Council, 1992).
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The federal government has not been alone in calling for scientific
research into education. This call has been echoed in a series of reports and
recommendations from the National Academies’ research arm, the National
Research Council (NRC). In 1958, the NRC’s report, A Proposed Orga-
nization for Research in Education, recommended establishing a research
organization for the advancement and improvement of education. A 1977
report, Fundamental Research and the Process of Education, called for funda-
mental research about educational processes. A 1986 report, Creating a
Center for Education Statistics: A Time for Action, led to what many regard as
the successtul overhaul of the federal education statistical agency. And in
the 1992 report, Research and Education Reform: Roles for the Office of Edu-
cational Research and Improvement, the NRC called for a complete overhaul
of the federal research agency, criticizing its focus on “quick solutions to
poorly understood problems” (National Research Council, 1992, p. viii).
The report recommended creating an infrastructure that would support
and foster scientific research into learning and cognitive processes under-
lying education, curriculum, teaching, and education reform.

What, then, warrants another NRC report on scientific research in
education? First, as we argue above, the nation’s commitment to improve
the education of all children requires continuing efforts to improve its
research capacity. Questions concerning how to do this are currently being
debated as Congress considers ways to organize a federal education research
agency. Indeed, H.R. 4875—the so-called “Castle bill” to reauthorize
OERI—has provided us with an opportunity to revisit historic questions
about the “science of education” in a modern policy context. This bill
includes definitions—crafted in the political milieu—of scientific concepts
to be applied to education research, reflecting yet again a skepticism about
the quality of current scholarship. (We discuss these definitions briefly in
Chapter 6.) Our report is specifically intended to provide an articulation
of the core nature of scientific inquiry in education from the research
community.

The rapid growth of the education research community in recent years
has resulted in the production of many studies, articles, journal publica-
tions, books and opinion pieces associated with academics, but that are not
necessarily scientific in character. Moreover, the field of education
researchers is itself a diverse mix of professionals with varying levels and
types of research training, and they often bring quite different orientations
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to their work. These multiple perspectives are in many ways indicative of
the health of the enterprise, but they also render the development of a
cohesive community with self-regulating norms difficult (Lagemann, 2000).
In this spirit, we intend this report to provide a balanced account of scientific
quality and rigor that sparks self-reflection within the research community
about its roles and responsibilities for promoting scientific quality and
advancing scientific understanding.

Finally, perhaps more than ever before, citizens, business leaders, poli-
ticians, and educators want credible information on which to evaluate and
guide today’s reform and tomorrow’s education for all students. Driven by
the performance goals inherent in standards-based reforms, they seek a
working consensus on the challenges confronting education, on what works
in what contexts and what doesn’t, and on why what works does work.
Simply put, they seek trustworthy, scientific evidence on which to base
decisions about education.

COMMITTEE CHARGE AND APPROACH

The committee was assembled in the fall of 2000 and was asked to
complete its report by the fall of 2001. The charge from the committee’s
sponsor, the National Educational Policy and Priorities Board of the U.S.
Department of Education, was as follows:

This study will review and synthesize recent literature on the sci-
ence and practice of scientific education research and consider how
to support high quality science in a federal education research
agency.

To organize its deliberations, the committee translated this mandate
into three framing questions:

e What are the principles of scientific quality in education research?
To address this question, the committee considered how the purposes,
norms, methods, and traditions of scientific inquiry translated in the study

of education. The committee also considered what scientific quality meant,
both in individual research projects and in programs of research, to better
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understand how knowledge could be organized, synthesized, and general-
ized. Furthermore, we sought to understand how scientific education
research is similar to, and different from, other scientific endeavors.

In approaching this question, we recognize that existing education
research has suffered from uneven quality. This statement is not very
startling, because the same could be said about virtually every area of
scientific research. Although it is clear that the reputation of education
research is quite poor (Kaestle, 1993; Sroufe, 1997; H.R. 4875), we do not
believe it is productive to attempt to catalogue “bad research.” Instead, we
have found it useful to focus on constructive questions: How much good
research has been produced? Why isn’t there more good research? How
could more good research be generated? We address these kinds of ques-
tions in the report.

*  How can a federal research agency promote and protect scientific quality
in the education research it supports?

The committee did not conduct an evaluation of OERI. Rather, the
committee approached the general question of the federal role from the
perspective of scientific quality and rigor. We sought to identify the key
design principles for a federal agency charged with fostering the scientific
integrity of the research it funds and with promoting the accumulation of
science-based knowledge over time. Among the issues the committee
explored were how research quality is affected by internal infrastructure
mechanisms, such as peer review, as well as external forces, such as political
influence and fiscal support, and how the federal role can build the capacity
of the field to do high-quality scientific work.

Here again, our approach is constructive and forward looking. We
attempt to strike a balance between understanding the realities of the fed-
eral bureaucracy and the history of an education research agency within it
while avoiding the detailed prescriptions of previous and current proposals
to reform the existing federal role. We hope to make a unique contribu-
tion by focusing on “first principles” that form the core of scientific edu-
cation research at the federal level and providing guidance about how these
principles might be implemented in practice. Some of our suggestions are
already in place;some are not. Some will be easy to implement; others will
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be more difficult. Our intent is to provide a set of principles that can serve
as a guidepost for improvement over time.

*  How can research-based knowledge in education accumulate?

The committee believes that rigor in individual scientific investiga-
tions and a strong federal infrastructure for supporting such work are
required for research in education to generate and nurture a robust knowl-
edge base. Thus, in addressing this question, we focused on mechanisms
that support the accumulation of knowledge from science-based education
research—the organization and synthesis of knowledge generated from
multiple investigations. The committee considered the roles of the profes-
sional research community, the practitioner communities, and the federal
government. Since we view the accumulation of scientific knowledge as
the ultimate goal of research, this issue weaves throughout the report.

Assumptions

Taking our cue from much of the historical and philosophical context
we describe in this chapter, we make five core assumptions in approaching
our work.

First, although science is often perceived as embodying a concise, unified
view of research, the history of scientific inquiry attests to the fact there is
no one method or process that unambiguously defines science. The com-
mittee has therefore taken an inclusive view of “the science of education”
or “the educational sciences’ in its work. This broad view, however, should
not be misinterpreted to suggest “anything goes.” Indeed, the primary pur-
pose of this report is to provide guidance for what constitutes rigorous
scientific research in education. Thus, we identify a set of principles that
apply to physical and social science research and to science-based education
research (Chapter 3). In conjunction with a set of features that character-
ize education (Chapter 4), these principles help define the domain of
scientific research in education, roughly delineating what is in the domain
and what is not. We argue that education research, like research in the
social, biological, and physical realms, faces—as a final “court of appeal”—
the test of conceptual and empirical adequacy over time. An educational
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hypothesis or conjecture must be judged in the light of the best array of
relevant qualitative or quantitative data that can be garnered. If a hypoth-
esis is insulated from such testing, then it cannot be considered as falling
within the ambit of science.

A second assumption is that many scientific studies in education and
other fields will not pan out. Research is like oil exploration—there are,
on average, many dry holes for every successtul well. This is not because
initial decisions on where to dig were necessarily misguided. Competent
oil explorers, like competent scientists, presumably used the best informa-
tion available to conduct their work. Dry holes are found because there is
considerable uncertainty in exploration of any kind. Sometimes explora-
tion companies gain sufficient knowledge from a series of dry holes in an
area to close it down. And in many cases, failure to find wells can shed light
on why apparently productive holes turned out to be dry; in other words,
the process of failing to make a grand discovery can itself be very instruc-
tive. Other times they doggedly pursue an area because the science sug-
gests there is still a reasonable chance of success. Scientific progress advances
in much the same way, as we describe in Chapter 2.

Third, we assume that it is possible to describe the physical and social
world scientifically so that, for example, multiple observers can agree on
what they see. Consequently, we reject the postmodernist school of thought
when it posits that social science research can never generate objective or
trustworthy knowledge.> However, we simultaneously reject research that
relies solely on the narrow tenets of behaviorism/positivism (see above)
(National Research Council, 2001b) because we believe its view of human
nature is too simplistic.

Fourth, the committee’s focus on the scientific underpinnings of
research in education does not reflect a simplistic notion that scientific
quality alone will improve the use of such research in school improvement
efforts. Scientific quality and rigor are necessary, but not sufficient, con-
ditions for improving the overall value of education research. There are
major issues related to, for example, how the research enterprise should be

2This description applies to an extreme epistemological perspective that questions
the rationality of the scientific enterprise altogether, and instead believes that all knowl-
edge is based on sociological factors like power, influence, and economic factors (Phillips
and Burbules, 2000).
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organized at the federal and local levels, how it should and can be con-
nected to policy and practice (National Research Council, 1999d), and the
nature of scientific knowledge in education (Weiss, 1999; Murnane and
Nelson, 1984). Throughout this report, we treat these complementary
issues with varying degrees of depth depending on their proximity to our
focus on the scientific nature of the field. Indeed, over the course of our
deliberations, we have become aware of several complementary efforts
focused on improving education research (e.g., NR C’s Strategic Education
Research Partnership, RAND panels, Education Quality Institute, Inter-
agency Education Research Initiative, and National Academy of Education-
Social Science Research Council Committee on Education Research).

Finally, and critically, the committee believes that scientific research in
education is a form of scholarship that can uniquely contribute to under-
standing and improving education, especially when integrated with other
approaches to studying human endeavors. For example, historical, philo-
sophical, and literary scholarship can and should inform important ques-
tions of purpose and direction in education. Education is influenced by
human ideals, ideologies, and judgments of value, and these things need to
be subjected to rigorous—scientific and otherwise—examination.

Structure of Report

The remainder of this report moves from the general to the specific.
We begin by describing the commonalities shared across all scientific
endeavors, including education research. We then take up some of the
specifics of education research by characterizing the nature of education
and of studying it scientifically; describing a sampling of trusted research
designs used to address key questions; and providing guidance on how a
federal education research agency could best support high quality science.
A description of the specific contents of each chapter follows.

In Chapter 2 we address the global question of whether scientific
inquiry in education has generated useful insights for policy and practice.
We describe and analyze several lines of work, both inside and outside of
education, to compare the accumulation of knowledge in education to
that of other fields. In doing so, we provide “existence proofs” of the

SCIENTIFIC RESEARCH IN EDUCATION

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/10236

Scientific Research in Education

accumulation of knowledge in education and show that its progression is
similar in many ways to other fields.

In Chapter 3 we provide a set of guiding principles that undergird all
scientific endeavors. We argue that at its core, scientific inquiry in educa-
tion is the same as in all other scientific disciplines and fields and provide
examples from a range of fields to illustrate this common set of principles.

In Chapter 4 we describe how the unique set of features that charac-
terize education shape the guiding principles of science in education
research. We argue that it is this interaction between the principles of
science and the features of education that makes scientific research in edu-
cation specialized. We also describe some aspects of education research as
a profession to further illuminate its character.

In Chapter 5, integrating our principles of science (Chapter 3) and the
features of education (Chapter 4), we then take up the topic of the design
of scientific education research. Recognizing that design must go hand in
hand with the problem investigated, we examine education research design
(and provide several examples) across three common types of research
questions: What is happening? Is there a systematic effect? and How or
why is it happening?

Finally, in Chapter 6 we offer a set of design principles for a federal
education research agency charged with supporting the kind of scientific
research in education we describe in this report. We argue that developing
a strong scientific culture is the key to a successful agency and that all
education stakeholders have a role to play in it.
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Accumulation of
Scientific Knowledge

he charge to the committee reflects the widespread perception that

research in education has not produced the kind of cumulative

knowledge garnered from other scientific endeavors. Perhaps even
more unflattering, a related indictment leveled at the education research
enterprise is that it does not generate knowledge that can inform education
practice and policy. The prevailing view is that findings from education
research studies are of low quality and are endlessly contested—the result
of which is that no consensus emerges about anything.

We argue in Chapter 1 that this skepticism is not new. Most recently,
these criticisms were expressed in proposed reauthorization legislation for
the Office of Educational Research and Improvement (OERI) (H.R.4875)
and related congressional testimony and debate (Fuhrman, 2001); in the
committee’s workshop with educators, researchers, and federal staff (National
Research Council, 2001d); and at the 2001 annual meeting of the Ameri-
can Educational Research Association (Shavelson, Feuer, and Towne, 2001).
U.S. Representative Michael Castle (R-DE), in a press release reporting on
the subcommittee’s action on H.R. 4875 said:

Education research is broken in our country ... and Congress
must work to make it more useful. . . . Research needs to be
conducted on a more scientific basis. Educators and policy makers
need objective, reliable research. . . .
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Is this assessment accurate? Is there any evidence that scientific research
in education accumulates to provide objective, reliable results? Does knowl-
edge from scientific education research progress as it does in the physical,
life, or social sciences? To shed light on these questions, we consider how
knowledge accumulates in science and provide examples of the state of
scientific knowledge in several fields. In doing so, we make two central
arguments in this chapter.

First, research findings in education have progressed over time and
provided important insights in policy and practice. We trace the history of
three productive lines of inquiry related to education as “existence proofs”
to support this assertion and to convey the promise for future investments
in scientific education research. What is needed is more and better scien-
tific research of this kind on education.

Our second and related argument is that in research across the scien-
tific disciplines and in education, the path to scientific understanding shares
several common characteristics. Its advancement is choppy, pushing the
boundaries of what is known by moving forward in fits and starts as methods,
theories, and empirical findings evolve. The path to scientific knowledge
wanders through contested terrain as researchers, as well as the policy,
practice, and citizen communities critically examine, interpret, and debate
new findings and it requires substantial investments of time and money.
Through examples from inside and outside education, we show that this
characterization of scientific advancement is shared across the range of
scientific endeavors.

We chose the examples that appear in this chapter to illustrate these
core ideas. We do not suggest that these lines of inquiry have provided
definitive answers to the underlying questions they have addressed over
time. As we argue in Chapter 1, science is never “finished.” Science pro-
vides a valuable source of knowledge for understanding and improving the
world, but its conclusions always remain conjectural and subject to revision
based on new inquiry and knowledge. As Thomas Henry Huxley once
said: “The great tragedy of Science—the slaying of a beautiful hypothesis
by an ugly fact” (cited in Cohn, 1989, p. 12).

Thus, the examples we highlight in this chapter show that sustained
inquiry can significantly improve the certainty with which one can claim to
understand something. Our descriptions necessarily convey the state of
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knowledge as it is understood today; to be sure, subsequent work is already
under way in each area that will refine, and may overturn, current under-
standing. It is always difficult to assess the progress of a line of research at

3

a given point in time; as Imre Lakatos once wrote: “. . . rationality works
much slower than most people tend to think, and even then, fallibly” (1970,
p- 174).

A final point of clarification is warranted. In this chapter we rely on
the metaphor of “accumulating” knowledge. This imagery conveys two
important notions. First, it suggests that scientific understanding coalesces,
as it progresses, to make sense of systems, experiences, and phenomena.
The imagery also connotes the idea that scientific inquiry builds on the
work that has preceded it. The use of the word “accumulation” is not,
however, intended to suggest that research proceeds along a linear path to
ultimately culminate in a complete and clear picture of the focus of inquiry
(e.g., education). Again, as we show through several examples, science
advances understanding of various phenomena through sustained inquiry
and debate among investigators in a field.

ILLUSTRATIONS OF KNOWLEDGE ACCUMULATION

In this section we provide examples of how scientific knowledge has
accumulated in four areas. First, we describe the progression of scientific
insight in differential gene activation, a line of inquiry in molecular biology
that began 50 years ago and laid the foundation for today’s groundbreaking
human genome project. Next, we trace advances in understanding how to
measure and assess human performance, including educational achieve-
ment, that have evolved over more than a century. We then describe two
controversial but productive lines of research in education: phonological
awareness and early reading skill development, and whether and how schools
and resources matter to children’s achievement.

These examples are provided to illustrate that lines of scientific inquiry
in education research can generate cumulative knowledge with a degree of
certainty and that they do so in ways similar to other scientific endeavors.
To be sure, the nature of the work varies considerably across the examples.
We address broad similarities and differences among disciplines and fields
in Chapters 3 and 4. The lines of inquiry in this chapter demonstrate how
knowledge 1s acquired through systematic scientific study.
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Differential Gene Activation

The rise of molecular biology and the modern concept of the gene
provides an especially clear illustration of the progression of scientific under-
standing in the life sciences. The earliest model of the gene was derived
from Mendels pea plant experiments in the 1860s. Mendel concluded
that these plants exhibited dominant and recessive traits that were inher-
ited. The key concept at this stage was the trait itself, with no attempt to
conceptualize the physical mechanism by which the trait was passed on
from generation to generation (Derry, 1999). By the time Mendel’s work
became known to the scientific world, cell biologists with newly improved
microscopes had identified the threadlike structures in the nuclei of cells
called chromosomes, which soon became known through experiments as
the carriers of hereditary information. It was quickly recognized that some
traits, eventually to be called genes, were inherited together (linked), and
that the linkage was due to those genes being located on the same chro-
mosome. Using breeding experiments with strains of various organisms,
some having altered (mutated) genes, geneticists began to map various
genes to their chromosomes. But there was still no conceptualization of
the nature or structure of the genes themselves.

The next refinement of the model was to identify the gene as a
molecular structure, which required the development of biochemical and
physical techniques for working with large, complex molecules. Although
other experiments at nearly the same time pointed to deoxyribonucleic
acid (DNA) as carrying genetic information, the structure of DNA was
not yet known. Scientists of the day were reluctant to accept the conclu-
sion that DNA is the primary hereditary material because a molecule com-
posed of only four base units, it was thought, could hardly store all the
information about an organism’s features. Moreover, there was no mecha-
nism known for passing such information on from one generation to the
next.

It was these developments that led to the watershed discovery by Watson
and Crick (1953) (and related work of a host of other scientists in the
emerging field of molecular biology) of the DNA double helix and the
subsequent evidence that genes are lengths of DNA composed of specific
sequences of its four basic elements. The double helix structure that Watson
and Crick discovered from analyzing DNA X-ray diffraction data also was
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crucial because it suggested a major revision to the extant model of how
the molecule can replicate itself.

Genetic analysis by Francois Jacob and Jacques Monod, also in the
1950s, showed that in addition to providing the templates for constructing
important proteins, some genes code regulatory proteins that can turn
specific sets of genes on or off (see Alberts et al., 1997). Early work on
gene regulation had suggested that when the sugar lactose is present in the
nutrient medium of the common bacterium E. coli, the bacteria produce
a set of enzymatic proteins that are responsible for metabolizing that sugar.
If the lactose is removed from the medium, those enzymes disappear. The
first evidence that led to an understanding of gene regulation was the
discovery that there were mutant strains of E. coli in which those enzymes
never disappeared because the bacteria were unable to shut oft specific sets
of genes. Previous work had shown that mutations—changes in one or
more nucleotides in the gene sequence—could alter the activity of
enzymatic proteins by changing the protein structure. Thus, it was first
hypothesized that in these mutant E. coli strains, mutations resulted in
some enzymes being changed to an “always-on” state. Again, this model
was later shown to be invalid when Jacob and Monod demonstrated
experimentally that these mutant bacteria were instead deficient in the
proteins that served as regulators that specifically repressed (or “turned
oft”) those sets of genes.

Because most regulatory proteins are present in cells in minute quan-
tities, it required more than a decade for advances in cell fractionation and
purification to isolate these repressor proteins by chromatography. But
once isolated, the proteins were shown to bind to specific DNA sequences,
usually adjacent to the genes that they regulate. The order of nucleotide
bases in these DNA sequences could then be determined by a combina-
tion of classical genetics and molecular sequencing techniques.

This is just the beginning of the story. This work has led to new
knowledge in molecular biology that affects our understanding of both cell
development and of genetic disease. The work of countless molecular
biologists in the past 50 years has resulted in the recent publication of the
linear “map” of the entire human genome, from which, one day—perhaps
many years in the future—all genetically influenced diseases and all devel-
opmental steps may be deduced.
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Now, after half a century of publications describing these fundamental
discoveries, the theoretical model of the gene can be tested in DNA
microarrays the size of a postage stamp that promulgate up to 60 million
DNA/RNA (ribonucleic acid) reactions simultaneously (Gibbs, 2001).
Over 1,100 disease-related genes have been discovered that are associated
with almost 1,500 serious clinical disorders (Peltonen and McKusick, 2001).
More than 1,000 mutations have been linked to cystic fibrosis alone, for
example. Uncertainties that must be resolved by future research revolve
around which of those genes or gene complexes are critical for the onset
of the disease and how to correct for the errors.

Testing and Assessment

The recorded history of testing is over four millennia old (Du Bois,
1970); by the middle of the nineteenth century, written examinations were
used in Europe and in the United States for such high-stakes purposes as
awarding degrees, government posts, and licenses in law, teaching, and
medicine. Today, the nation relies heavily on tests to assess students’ achieve-
ment, reading comprehension, motivation, self-concept, political attitudes,
career aspirations, and the like. The evolution of the science of educational
testing, similar in many ways to the progress in genetics, follows a long line
of work in educational psychology, psychometrics, and related fields dating
back to the late 1800s. We take up the evolution of testing over the past
150 years when the scientific study of tests and assessments was still in its
infancy. Steady but contested and nonlinear progress has been made since
the early days, often from the melding of mathematics and psychology:
“Criticizing test theory . .. becomes a matter of comparing what the
mathematician assumes with what the psychologist can reasonably believe
about people’s responses” (Cronbach, 1989, p. 82).

This evolution can be seen in the development of three related strands
of work in this field: reliability, validity, and mathematical modeling.

Test Reliability

The notion of test reliability—the consistency of scores produced by
a test—grew out of the recognition that test scores could differ from one
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occasion to another even when the individual being tested had not changed.
The original notion of reliability was based on the simplifying assumption
that a single underlying trait accounted for widely observed consistency in
test performance and that variations in test scores for the same person at
different times were due to an undifferentiated, constant measurement error.
While the mathematics for dealing with reliability under these assump-
tions was straightforward (a correlation coefficient—see below), Thorndike
(1949), Guttman (1953), and Cronbach (1951, 1971),among others, recog-
nized that the assumptions did not align with what could be reasonably
believed about human behavior. For example, in practice different methods
of calculating a reliability coefficient defined “true score”—the consistent
part of a respondent’s performance—and measurement error—the incon-
sistent part, somewhat differently. For instance, remembering an answer to
a particular question when the same test was administered twice meant
that “memory” contributed to a respondent’s consistency or true score, but
not so upon taking parallel forms of the test. Moreover, Cronbach, Guttman,
Thorndike, and others recognized that test performance is more complex
than what a single trait could predict, and that there can be many sources
of measurement error including inconsistency due to different occasions,
different test forms, different test administrations, and the like.

In the late 1800s, Edgeworth (1888) applied the theory of probability
to model the uncertainty in the scores that graders assigned to essays. He
estimated how many examinees who had failed to get college honors,
would have slipped over the “honors line” had there been difterent, but
equally competent, graders. Krueger and Spearman (1907) introduced the
term “reliability coefficient.” They used a measure similar to the correla-
tion coefficient (a measure of the strength of the relationship between two
variables) that extended Edgeworth’s ideas and provided a measure of the
difference in the rankings of individuals that would occur had the assess-
ment consisted of different but comparable test questions. The Spearman-
Brown (Spearman, 1910; Brown, 1910) formula gave researchers a way to
estimate the reliability of a test of a certain length without having to give
both it and a “comparable version” of it to the same examinees. Kelley
(1923) in an early text gave a detailed treatment of various “reliability
coeflicients.” Kuder and Richardson (1937) produced a more streamlined
technique that also did not require obtaining the performance of the same
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individuals on two tests. However, in working with the Kuder-Richardson
formulas, Cronbach (1989) found that at times it produced numbers that
were not believable—e.g., sometimes the estimated reliability was negative.
In response, he (Cronbach, 1951) extended this work by providing a general
formula that fit a very wide class of situations, not just dichotomously
scored test questions.

Once easily usable formulas were available for computing measures of
a test’s reliability, these measures could be used to study the factors that
affect reliability. This led to improved test development and to the gradual
recognition that different test uses required different measures of test reli-
ability. In the 1960s, Cronbach, Rajaratnam, and Gleser (1963), drawing
on advances in statistical theory (especially Fisher’s variance partitioning
and random components of variance theory) incorporated this understand-
ing into a framework that accounted, simultaneously, for multiple sources
of measurement error. Generalizability theory (Cronbach, Gleser, Nanda
and Rajaratnam, 1972), now provides a systematic analysis of the many
facets that affect test score consistency and measurement error.

Test Validity

In a similar manner, the concept of test validity—initially conceived as
the relation between test scores and later performance—has evolved as
straightforward mathematical equations have given way to a growing under-
standing of human behavior. At first, validity was viewed as a characteristic
of the test. It was then recognized that a test might be put to multiple uses
and that a given test might be valid for some uses but not for others. That
is, validity came to be understood as a characteristic of the interpretation and
use of test scores, and not of the test itself, because the very same test (e.g.,
reading test) could be used to predict academic performance, estimate the
level of an individual’s proficiency, and diagnose problems. Today, validity
theory incorporates both test interpretation and use (e.g., intended and
unintended social consequences).

While the problem of relating test results to later performance is quite
old, Wissler (1901) was the first to make extensive use of the correlation
coeflicient, developed a decade earlier, to measure the strength of this
relationship. He showed that the relationship between various physical and
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mental laboratory measures with grades in college was too small to have
any practical predictive value. Spearman (1904b) discussed factors that
distort measured correlation coefficients: these included ignoring variation
in the ages of the children tested as well as other factors that affect both
quantities being correlated and the correlation of quantities subject to
substantial measurement error.

The “Army Alpha” test was developed in 1917 for use in classification
and assignment during World War 1. It forced the rapid development of
group testing and with it the increased need for test validation that was
interpreted primarily as the correlation of the test with other “outside”
criteria. Gulliksen’s (1950a) work during World War IT with tests used by
the Navy to select engineers led him to emphasize a test’s “intrinsic con-
tent validity” as well as its correlations with other criteria in test validation
studies. By 1954, the American Psychological Association recognized three
forms of test validity—content, criterion-related, and construct validity.

In 1971, Cronbach put forth, and in 1993 Messick reaffirmed, the
current view that validity is a property of the uses and inferences made on
the basis of test scores rather than a property of a test. In this view, the
establishment of the validity of an inference is a complex process that uses
a variety of systematic evidence from many sources including test content,
correlations with other quantities, and the consequences of the intended
use of the test scores. Because of the variety of test uses and of the evi-
dence that can be brought to bear on the validity of each use, claims for
and against test validity are potentially the most contested aspects of testing
in both the scientific and public policy arenas.

Mathematical Models

The mathematical models and theories underlying the analysis of tests
have also evolved from modest beginnings. These models were first intro-
duced in the beginning of the twentieth century as single-factor models to
explain correlations among mental ability tests. Spearman (1904a) intro-
duced his “one factor” model to explain the positive intercorrelations
between various tests of mental abilities. (This led directly to his original
definition of test reliability.)) This unidimensional view of general ability

[T L)

(intelligence) or “g” immediately raised controversy about the nature of
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human abilities. Thurstone (1931), assuming a multidimensional structure
of intelligence developed more complicated multifactor analysis models
and Guilford (1967) posited no less than 120 factors based on three
fundamental dimensions. In perhaps the most comprehensive analysis to
date, Carroll (1993; see also Gustafsson and Undheim, 1996) found strong
empirical support for a hierarchical model.

These mathematical models then evolved to classical reliability theory
with a single underlying trait. The mathematical models developed in
close conjunction with the increasingly more complicated uses of tests and
more complex demands made on the inferences based on them.

Kelley (1923) gave an exposition of “true score theory” that provides
precise definitions to various different quantities, all called “test reliability,”
and introduced his formula relating observed scores, true scores, and test
reliability. This led to classical test theory, which was codified in Gulliksen
(1950b). However, this theory was limited in its simple, unidimensional
conception of behavior and its undifferentiated notion of measurement
error (noted above). Moreover, as Lord (1952) pointed out, this test theory
ignored information about the nature of the test items (e.g., difficulty) that
individuals were responding to. With the advent of high speed computing,
the integration of the trait focus of test theory with information about
test-item characteristics led to a major advance in scaling test scores—
item-response theory.

Item response theory (IRT) (Lord, 1952),a detailed mathematical model
of test performance at the test question level, developed over the next few
decades, with major publications by Rasch (1960) and Lord and Novick
(1968). IRT expanded quickly and is now a very active area of research.
There are several important applications of IRT: development of item and
test information curves for use in test development; detailed analyses of
item-level data; pooling data from related assessments given to different
examinees; linking scores on different tests; reporting scores on a common
scale for tests—such as the National Assessment of Educational Progress—
for which each examinee only takes a small portion of the whole assess-
ment; and the creation of “adaptive tests” given on computers.

Current developments include using IRT to model the cognitive and
evidentiary reasoning processes involved in answering test questions so as
to improve the use of tests in diagnosis and learning (National Research
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Council, 2001b). The next evolution of models most likely will incorpo-
rate what are called “Bayesian inference nets” to construct appropriate
theory-driven interpretations of complex test performance (Mislevy, 1996;
National Research Council, 2001b).

Phonological Awareness and Early Reading Skills

A third example traces the history of inquiry into the role of phono-
logical awareness, alphabetic knowledge, and other beginning reading skills.
This research has generated converging evidence that phonological aware-
ness is a necessary, but not sufficient, competency for understanding the
meaning embedded in print, which is the ultimate goal of learning to read.

Research on the role of phonological awareness and alphabetic knowl-
edge in beginning reading began at the Haskins Laboratories in the 1960s
under the leadership of Isabelle Liberman, a psychologist and educator, and
her husband,Alvin Liberman, a speech scientist. At the time, Alvin Liberman
and his colleagues were interested in constructing a reading machine for
the blind. They made important observations about the production and
perception of speech that they hypothesized might be related to the devel-
opment of reading. Most pertinent was the observation that speech is
segmented phonologically, although the user of speech may not consciously
recognize this segmented nature because phonological segments are merged
together during speech production (A.L. Liberman, Cooper, Shankweiler,
and Studdert-Kennedy, 1967). So a word like “bag,” which actually has
three segments represented at a phonemic level, is heard as one sound as
phonological segments are merged together in speech.

Isabelle Liberman subsequently applied these observations to reading,
hypothesizing that the phonetic segments of speech that are more or less
represented in print might not be readily apparent to a young child learn-
ing to read (I. Liberman, 1971). It had long been recognized that teaching
the relationship of sounds and letters helped children develop word recog-
nition capacities (Chall, 1967). What was unique about the Haskins research
was the clear recognition that written language is scaffolded, or built, on
oral language and that literacy is a product of long-established human
capabilities for speech (A.M. Liberman, 1997). But speech is usually learned
naturally without explicit instruction. In order to learn to read (and write),
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the relationship of speech and print (i.e., the alphabetic principle) typically
must be taught since children do not naturally recognize the relationship.
This principle helps explain the role of phonics—instructional practices
that emphasize how spellings are related to speech sounds—in beginning
reading instruction.

In a series of studies, the Libermans and their colleagues systematically
evaluated these hypotheses. They demonstrated that young children were
not aware of the segmented nature of speech, that this awareness developed
over time, and that its development was closely linked with the develop-
ment of word recognition skills (Shankweiler, 1991). They emphasized
that phonological awareness is an oral language skill and is not the same as
phonics. However, the research demonstrated that these capabilities are
necessary, though not sufficient, for learning to read (Blachman, 2000);
proficient reading comprehension requires additional linguistic and cogni-
tive capabilities. Thus, it was necessary to integrate research on word
recognition with the broader field of reading research. Children vary con-
siderably in how easily they develop phonological awareness and grasp the
alphabetic principle, which has led to controversy about how explicitly it
should be taught (Stanovich, 1991; 2000).

From these origins in the 1960s and early 1970s, research on phono-
logical awareness and reading expanded (Stanovich, 1991; 2000). In the
latter part of the 1970s, struggling against a background of older theories
that were behavioristic or focused on the role of perceptual factors in
reading (e.g., Gibson and Levin, 1975), the view of written language as
scaffolded on oral language gradually took hold—despite criticisms that
the research was simplistic and reductionistic (e.g., Satz and Fletcher, 1980).
In the 1980s, research expanded into areas that involved the development
of phonological awareness and reading capabilities, ultimately leading to
large-scale longitudinal studies showing that phonological awareness could
be measured reliably in young children and that its development preceded
the onset of word recognition skills (Wagner, Torgesen, and Rashotte, 1994).
Other research strengthened findings concerning the critical relationship
of phonological awareness skills and word recognition deficits in children,
adolescents, and adults who had reading difficulties. This led directly to
reconceptualizations of disorders such as dyslexia as word-level reading
disabilities caused by problems developing phonological awareness and the
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ensuing development of another program of research to evaluate this hy-
pothesis (Vellutino, 1979; Shaywitz, 1996).

These later findings were of great interest to people studying learning
disabilities, who expressed concern about whether the findings were being
applied to children in the classroom and whether they were being used to
understand reading failure. In 1985, at the request of Congress, the National
Institute of Child Health and Human Development (NICHD) was asked
to initiate a research program on learning disabilities. This program led to
research on multiple factors underlying reading disability, including research

on cognitive factors, the brain, genetics, and instruction.!

Many studies
varying in research questions and methods have built on and emerged from
these initiatives. For example, epidemiological studies of the prevalence of
reading disabilities in North America, the United Kingdom, and New
Zealand showed that reading skills were normally distributed in the popu-
lation. This finding was a major breakthrough because it meant that chil-
dren who were poor readers were essentially in the lower part of the con-
tinuum of all readers, rather than qualitatively different from good readers
(Shaywitz et al., 1992). These studies overturned prevailing notions about
reading disability that reported non-normality and implied qualitative dif-
ferences between good and poor readers that had led to theories specific
to the poor reader; rather, these findings indicated that the same theory
could be used to explain good and poor reading. The prevalence studies
also showed that most poor readers had word recognition difficulties and
that the prevalence of reading failure was shockingly high (Fletcher and
Lyon, 1998).

These studies were pivotal for other areas of inquiry, and convergence
has slowly emerged across different domains of inquiry: cognitive, genetic,
brain, and ultimately, instruction. Cognitive studies explored the limits of
phonological processing and word recognition in poor readers using a

ISeveral other federal agencies (e.g., the U.S. Department of Education Office of
Special Education Programs, the Head Start Bureau, the former National Institute of
Education) and research in other countries contributed substantially to this knowledge
base. To give a sense of the scope of the effort, the research at NICHD alone involves
scientists at 44 sites and the study of more than 42,500 children and adults, some for as
long as 18 years. NICHD’ total expenditures since 1965—again, only at a single
agency involved in a broader effort across federal agencies—exceeds $100 million.
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variety of models stemming from laboratory-based research on reading.
Many methods and paradigms were used: developmental studies, informa-
tion processing studies focusing on connectionistic models of the reading
process, eye movement studies, psychometric studies oriented to measure-
ment, and observational studies of teachers in classrooms—a broad approach.
Genetic studies (Olson, Forsberg, Gayan and DeFries, 1999; Pennington,
1999; Olson, 1999; Grigorenko, 1999) showed that reading skills were
heritable, but that heritability only accounted for 50 percent of the vari-
ability in reading skills: the remainder reflects environmental factors, includ-
ing instruction. Functional brain imaging studies—possible only over the
past few years—have identified neural networks that support phonological
processing and word recognition. These findings have been replicated in
several laboratories using different neuroimaging methods and reflect more
than 20 years of research to identify reliable neural correlates of reading
disability (Eden and Zeftiro, 1998).

Current and future work in reading skill development is sure to build
on and refine this base. Indeed, under the leadership of several federal
agencies—INICHD, Department of Education, and National Science Foun-
dation (NSF)—instruction research has now come to the forefront of how
to “scale up” education research for reading (as well as mathematics and
science) for pre-kindergarten through high school (preK-12). This inter-
vention and implementation research itself has a long history and is closely
linked with other lines of inquiry. The research takes place in schools,
which need to be seen as complex social organizations embedded in a
larger context of communities, universities, and government. However,
the origins are still in basic research, still connected with the “big idea” of
the 1960s and the accumulation of knowledge since then.

This line of research evolved over 30 years, and accelerated, albeit along
a jagged and contested course, when significant federal leadership and
funding became available. The National Research Council (1998) and the
National Reading Panel (2000), as well as Adams (1990) have summarized
this body of research.

Education Resources and Student Achievement

Perhaps the most contentious area in current education research is the
role of schools and resources in education outcomes. For much of the
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twentieth century, most policy makers and members of the public believed
that increases in education resources (e.g., money, curricula, and facilities)
led to improved education outcomes, such as student achievement (Cohen,
Raudenbush, and Ball, in press).> However, over the past few decades,
research has shown that these direct relationships between resources and
outcomes are either very weak or elusive—perhaps products of wishful or
somewhat simplistic thinking.

Beginning with Coleman et al’s (1966) Equality of Educational Oppor-
tunity (see also Jencks et al., 1972),social science research began to document
the relative absence of direct schooling effects on student achievement in
comparison with the effects of students’ background characteristics. It
became clear that resources such as money, libraries, and curricula had, at
best, a very weak effect on students’ achievement, a counterintuitive find-
ing. Rather, students’ home background (parents’ educational and social
backgrounds) had the biggest eftect on their achievement.

Needless to say, the Coleman finding was controversial because it
seemed to say that schools don’t make a difference in student learning.
This is not exactly what Coleman and others had found (see Coleman,
Hofter, and Kilgore, 1982), but rather how it has been (mis)interpreted
over time. The key finding was that school-to-school differences were not
nearly as large relative to student-to-student difterences as had been sup-
posed. Moreover, most economic studies of the direct relationship between
educational resources (especially money) and student outcomes have reached
conclusions similar to Coleman et al. (1966) and Jencks et al. (1972) (see,
especially, Hanushek, 1981, 1986, Hedges, Laine and Greenwald, 1994; Loeb
and Page, 2000; Mosteller, 1995). As Cohen et al. (in press) explained, this
was “an idea which many conservatives embraced to support arguments
against liberal social policy, and which liberals rejected in an effort to retain
such policies” (p. 3).

Coleman’s work spawned a great deal of research attempting to find
out if “schools do matter.” An argument was made that Coleman’s notion
of how schools worked (e.g., resources represented as library holdings) was
too simple (e.g., Rutter, Maughan, Mortimore, Ousten, and Smith, 1979).
That is, Coleman had not adequately captured either how school and class-

2We draw heavily on this article in this section.
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room processes fransform educational resources such as money into educa-
tion outcomes or how contextual factors (e.g., local job markets in com-
petition for college graduates) affect the direct effects of (say) teachers’ pay
on student outcomes (Loeb and Page, 2000).

Cohen et al. (in press) traced several lines of inquiry that have, over
time, begun to establish links between resources, transformational educa-
tional processes, and student outcomes. One line of work begun in the
1970s and 1980s compared more and less eftective teachers as measured by
students’ gains in achievement. Brophy and Good (1986) found—perhaps
not surprisingly—that in contrast to less effective teachers, unusually
effective teachers were more likely to have “planned lessons carefully, selected
appropriate materials, made their goals clear to students, maintained a brisk
pace in lessons, checked student work regularly, and taught material again
when students had trouble learning” (Cohen et al., in press, p.4). Another
line of inquiry examined teacher-student interactions around specific con-
tent learning. These studies found that overall, time on task (time being
the resource) was unrelated to students’ achievement. “Only when the
nature of academic tasks was taken into account were effects on learning
observed” (Cohen et al., in press, p. 5; see also Palinscar and Brown, 1984;
Brown, 1992). Still another line of inquiry focused on school processes,
attempting to find what made the difference between more and less effec-
tive schools (e.g., Edmonds, 1984; Stedman, 1985). The more effective
schools could be distinguished from their less effective counterparts by
how they translated resources into education practices. High-performing
schools had faculty and staff who shared a vision of instructional purpose,
who believed that all students could learn, who believed that they were
responsible for helping students learn, and who committed themselves to
improving students’ academic performance.

This line of teaching and schooling research, continuing today, has
provided evidence that the “theory” of direct eftects of educational resources
on student outcomes (e.g., achievement) may be too simple. Suppose,
following Cohen et al. (in press) that resources were viewed as a necessary
but not sufficient condition for productive education, and educational ex-
periences were viewed as the mechanism through which resources are
transformed into student outcomes. It may be that resources do matter
when translated into productive learning experiences for students. Some
policy research now is opening up the “black box” of education production
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and examining just how resources are used to create educational learning
experiences that may lead, in turn, to improved student achievement. This
focus on educational experiences as a medium through which resources
get translated is leading to (microlevel) work on classroom instruction.

A very different line of (macrolevel) work is focused on incentives and
organizational structures of schools. This work is premised on the notion
that adequately describing the complexity of classrooms and of alternative
ways of stimulating student learning is beyond the current capacity of
research methods. Therefore, an alternative approach is concentrating
research efforts on understanding how different incentive structures affect
student outcomes (Hanushek et al., 1994).

Both of these avenues of research build on existing evidence. Their
divergent foci, however, illustrate how sophisticated scientific inquiry,
addressing the same basic questions, can legitimately pursue different
directions when the underlying phenomena are not well understood.

CONDITIONS FOR AND CHARACTERISTICS OF
SCIENTIFIC KNOWLEDGE ACCUMULATION

This walk though the history of several lines of inquiry in educational
research, alongside the stories of how knowledge has been integrated and
synthesized in other areas, serves to highlight common conditions for, and
characteristics of, the accumulation of knowledge in science-based research.
The examples also show that educational research, like other sciences, often
involves technical and theoretical matters of some complexity.

Enabling Conditions

Certain enabling conditions must be in place for scientific knowledge
to grow. The clearest condition among them is time. In each of the diverse
examples we provided—in molecular biology, psychological testing, early
reading skills, and school resources—the accumulation of knowledge has
taken decades, and in some cases centuries, to evolve to its current state.
And while we chose these examples to highlight productive lines of inquiry,
the findings that we highlight in this report may be revised or even proven
wrong 50 years from now.
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A second condition for knowledge accumulation is fiscal support. As
our example of the role of phonological awareness and early reading
proficiencies in particular suggests, building the education research knowl-
edge base and moving towards scientific consensus may take significant
federal leadership and investment. The many compelling reasons for
increased federal leadership and investment will be explored more fully in
Chapter 6.

A final condition that facilitates this accumulation is public support for
sustained scientific study. For example, the public posture toward medical
research, including the mapping of the human genome and related molecular
study, is fundamentally different than it is toward education research.
Citizens and their elected leaders acknowledge that investing in medical
science 1s needed, and the funding pattern of federal agencies reflects this
attitude (National Research Council, 2001¢). Although difficult to mea-
sure precisely, it seems clear that by and large, the public trusts scientists to
develop useful knowledge about foundations of disease and their preven-
tion and treatment. In contrast, in education research technical achieve-
ments are often ignored, and research findings tend to be dismissed as
irrelevant or (sometimes vehemently) discredited through public advocacy
campaigns when they do not comport with conventional wisdom or ideo-
logical views. Further, with dispute about scientific quality, findings from
poorly conducted studies are often used to contradict the conclusions of
higher quality studies. In the social realm, people and policy makers do
not tend to distinguish between scientific and political debate as they do
in medical and other “hard” sciences, seriously weakening the case for such
research- and evidence-based decision making. The difficulties associated
with conducting randomized experiments in education is particularly
problematic (Cook, 2001; Burtless, in press). The early reading example we
provide is an exception in this regard: the significant and sustained con-
gressional support beginning in the 1980s was a crucial factor in the progress
of this line of work.

Common Characteristics

The nature of the progression of scientific insight across these examples
also exhibits common characteristics. In all cases, the accumulation of
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knowledge was accomplished through fits and starts—that is, it did not
move directly from naiveté to insight. Rather, the path to scientific under-
standing wandered over time, buffeted by research findings, methodological
advances, new ideas or theories, and the political and ideological ramifica-
tions of the results. As scientists follow new paths, blind alleys are not
uncommon; indeed, trying things out in the face of uncertainty is a natural
and fundamental part of the scientific process (Schum, 1994; National
Research Council, 2001d). Nevertheless, scientific research has a “hidden
hand” (Lindblom and Cohen, 1979) that seems to lead to self-correction
as debates and resolutions occur and new methods, empirical findings, or
theories emerge to shed light on and change fundamental perceptions about
an issue (e.g., Shavelson, 1988; Weiss, 1980).

A second characteristic of knowledge accumulation is that it is con-
tested. Scientists are trained and employed to be skeptical observers, to ask
critical questions, and to challenge knowledge claims in constructive
dialogue with their peers. Indeed, we argue in subsequent chapters that it
is essentially these norms of the scientific community engaging in such
professional critique of each other’s work that enables scientific consensus
and extends the boundaries of what is known. As analytic methods for
synthesizing knowledge across several studies (e.g., meta-analysis) have
advanced rapidly in recent decades (Cooper and Hedges, 1994), they have
enhanced the ability to make summary statements about the state-of-the-
art knowledge in particular areas. These techniques are particularly useful
in fields like education in which findings tend to contradict one another
across studies, and thus are an increasingly important tool for discovering,
testing, and explaining the diversity of these findings. The Cochrane
Collaboration in medical research and the new Campbell Collaboration in
social, behavioral, and educational arenas (see Box 2-1) use such methods
to develop reviews that synthesize findings across studies.

In each example, the substantial progress we feature does not imply
that the research community is of one mind. In all fields, scientists debate
the merits of scientific findings as they attempt to integrate individual
findings with existing knowledge. In education and related social sciences,
this debate is intensified because of the range of legitimate disciplinary
perspectives that bear on it (see Chapter 4). This issue is aptly character-
ized by the proverbial description of an elephant being studied by seven
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BOX 2-1

Cochrane and Campbell Collaborations:
Synthesis of Knowledge in Medicine and Social,
Behavioral, and Educational Fields

The international Cochrane Collaboration in health care was
created in 1993 to produce systematic reviews of studies of
effectiveness (http://www.cochrane.org). Since then, an elec-
tronic library of randomized trials on health interventions has
been produced and made accessible; it contains over 250,000
entries. In addition, more than 1,000 systematic reviews of
sets of trials have been produced to synthesize the accumula-
tion of knowledge from different studies. These reviews cover
the effect of new approaches to handling a variety of illnesses
and providing health services. The main benefit of such a
system in health care is that it operationalizes the idea of
systematic accumulation of knowledge internationally.

In the social, behavioral, and educational fields, the interna-
tional Campbell Collaboration (http://campbell.gse.upenn.edu/)
was formed in 2000 to produce systematic reviews in the
future. The object again is to create a mechanism for prepar-
ing, maintaining, and making accessible systematic reviews and
electronic libraries of randomized and nonrandomized trials
that are useful to policy makers, practitioners, and the public.

blind scientists, each touching a different part of the animal. Indeed, the
social sciences have been characterized by increasing specialization of
method and theory, with each method-theory pair describing a different
aspect of a social phenomenon (Smelser, 2001).

Another source of controversy among scientists arises out of differing
views about what is possible in policy and practice. For example, some
policy studies (e.g., Hanushek, 1986, 1997; also see Burtless, 1996) con-
clude that the indirect effects of resources on student outcomes are both
small and, as policy instruments, difficult to manage. For them, establishing
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the direct effect of a resource—such as selecting teachers for their subject
and cognitive ability—is a more manageable policy instrument that is more
likely to affect student achievement than, say, difficult-to-control indirect
mechanisms such as teaching practices.

The examples in this chapter demonstrate a third characteristic of
scientific knowledge generation and accumulation: the interdependent
and cyclic nature of empirical findings, methodological developments, and
theory building. Theory and method build on one another both as a
contributor to and a consequence of empirical observations and assertions
about knowledge. New knowledge gained from increased precision in
measurement (say) increases the accuracy of theory. An increasingly accu-
rate theory suggests the possibility of new measurement techniques.
Application of these new measurement techniques, in turn, produces new
empirical evidence, and so the cycle continues. This cycle is characteristic
of the natural sciences, as illustrated in our example of differential gene
activation, and also evident in social science in the measurement of eco-
nomic and social indicators (deNeufville, 1975; Sheldon, 1975) and educa-
tion measurement (National Research Council, 2001b).

A fourth and final characteristic that emerges from these examples is
a comparative one: studying humans is inherently complex. Humans are
complex beings, and modeling their behavior, belief systems, actions, char-
acter traits, location in culture, and volition is intrinsically complicated.
Research challenges arise in large part because social scientists lack the
high degree of control over their subjects that is typical in the “hard”
sciences—for example, gaggles of molecules are better behaved than a class-
room of third-graders. This observation is not intended to suggest that
science 1s incompatible with the study of the human world. Nor do we
mean to say that scientific work 1s fundamentally different in these domains
(indeed, the main message of Chapter 3 is that the core principles of science
apply across all fields). Rather, scientific inquiry involving humans is quali-
tatively more complex than inquiry in the natural sciences, and thus scien-
tific understanding often requires an integration of knowledge across a
rich array of paradigms, schools of thought, and approaches (Smelser, 2001).
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CONCLUDING COMMENT

Science is an important source of knowledge for addressing social
problems, but it does not stand in isolation. If we had continued our story
about school resources and entered the current debate around education
reform, we could readily show that the generation of scientific knowl-
edge—particularly in social realms—does not guarantee its public adop-
tion. Rather, scientific findings interact with differing views in practical
and political arenas (Lindblom and Wodehouse, 1993; Feldman and March,
1981; Weiss, 1998b, 1999; Bane, 2001; Reimers and McGinn, 1997). The
scientist discovers the basis for what is possible. The practitioner, parent, or
policy maker, in turn, has to consider what is practical, affordable, desirable,
and credible. While we argue that a failure to differentiate between scien-
tific and political debate has hindered scientific progress and use, scientific
work in the social realm—to a much greater extent than in physics or
biology—will always take place in the context of, and be influenced by,
social trends, beliefs, and norms.

Finally, we acknowledge that the degree to which knowledge has ac-
cumulated in the physical and life sciences exceeds that accumulation in
the social sciences (e.g., Smelser, 2001) and far exceeds it in education.
And there is clearly very hard work to be done to bring the kind of sci-
ence-based research we highlight in this chapter to bear on education
practice and policy. Indeed, scholars have long recognized that some as-
pects of human knowledge are not easily articulated (Polanyi, 1958). Some
have argued that knowledge in education in particular is often tacit and
less precise than other fields (Murnane and Nelson, 1984), rendering its use
in practice more difficult than for other fields (Nelson, 2000). But, above
all, the examples we provide in this chapter suggest what is possible; the
goal should be to build on their successes to forge additional ones.
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3

Guiding Principles for
Scientific Inquiry

n Chapter 2 we present evidence that scientific research in education

accumulates just as it does in the physical, life, and social sciences. Con-

sequently, we believe that such research would be worthwhile to pursue
to build further knowledge about education, and about education policy
and practice. Up to this point, however, we have not addressed the ques-
tions “What constitutes scientific research?”” and “Is scientific research on
education different from scientific research in the social, life, and physical
sciences?” We do so in this chapter.

These are daunting questions that philosophers, historians, and scien-
tists have debated for several centuries (see Newton-Smith [2000] for a
current assessment). Merton (1973), for example, saw commonality among
the sciences. He described science as having four aims: universalism, the
quest for general laws; organization, the quest to organize and conceptualize
a set of related facts or observations; skepticism, the norm of questioning
and looking for counter explanations; and communalism, the quest to
develop a community that shares a set of norms or principles for doing
science. In contrast, some early modern philosophers (the logical positiv-
ists) attempted to achieve unity across the sciences by reducing them all to
physics, a program that ran into insuperable technical difficulties (Trant,
1991).

In short, we hold that there are both commonalities and differences
across the sciences. At a general level, the sciences share a great deal in
common, a set of what might be called epistemological or fundamental
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principles that guide the scientific enterprise. They include seeking con-
ceptual (theoretical) understanding, posing empirically testable and refut-
able hypotheses, designing studies that test and can rule out competing
counterhypotheses, using observational methods linked to theory that enable
other scientists to verify their accuracy, and recognizing the importance of
both independent replication and generalization. It is very unlikely that
any one study would possess all of these qualities. Nevertheless, what
unites scientific inquiry is the primacy of empirical test of conjectures and
formal hypotheses using well-codified observation methods and rigorous
designs, and subjecting findings to peer review. It is, in John Dewey’s
expression, “‘competent inquiry”’ that produces what philosophers call
“knowledge claims” that are justified or “warranted” by pertinent, empiri-
cal evidence (or in mathematics, deductive proof). Scientific reasoning
takes place amid (often quantifiable) uncertainty (Schum, 1994); its assertions
are subject to challenge, replication, and revision as knowledge is refined
over time. The long-term goal of much of science is to produce theory
that can offer a stable encapsulation of “facts” that generalizes beyond the
particular. In this chapter, then, we spell out what we see as the common-
alities among all scientific endeavors.

As our work began, we attempted to distinguish scientific investiga-
tions in education from those in the social, physical, and life sciences by
exploring the philosophy of science and social science; the conduct of
physical, life, and social science investigations; and the conduct of scientific
research on education. We also asked a panel of senior government officials
who fund and manage research in education and the social and behavioral
sciences, and a panel of distinguished scholars from psychometrics, linguistic
anthropology, labor economics and law, to distinguish principles of evidence
across fields (see National Research Council, 2001d). Ultimately, we failed
to convince ourselves that at a fundamental level beyond the difterences in
specialized techniques and objects of inquiry across the individual sciences,
a meaningful distinction could be made among social, physical, and life
science research and scientific research in education. At times we thought
we had an example that would demonstrate the distinction, only to find
our hypothesis refuted by evidence that the distinction was not real.

Thus, the committee concluded that the set of guiding principles that
apply to scientific inquiry in education are the same set of principles that
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can be found across the full range of scientific inquiry. Throughout this
chapter we provide examples from a variety of domains—in political science,
geophysics, and education—to demonstrate this shared nature. Although
there is no universally accepted description of the elements of scientific
inquiry, we have found it convenient to describe the scientific process in
terms of six interrelated, but not necessarily ordered,! principles of inquiry:

e Pose significant questions that can be investigated empirically.

e Link research to relevant theory.

* Use methods that permit direct investigation of the question.

e Provide a coherent and explicit chain of reasoning.

e Replicate and generalize across studies.

* Disclose research to encourage professional scrutiny and critique.

We choose the phrase “guiding principles” deliberately to emphasize
the vital point that they guide, but do not provide an algorithm for, scien-
tific inquiry. Rather, the guiding principles for scientific investigations
provide a framework indicating how inferences are, in general, to be
supported (or refuted) by a core of interdependent processes, tools, and
practices. Although any single scientific study may not fulfill all the prin-
ciples—for example, an initial study in a line of inquiry will not have been
replicated independently—a strong line of research is likely to do so (e.g.,
see Chapter 2).

We also view the guiding principles as constituting a code of conduct
that includes notions of ethical behavior. In a sense, guiding principles
operate like norms in a community, in this case a community of scientists;
they are expectations for how scientific research will be conducted. Ideally,
individual scientists internalize these norms, and the community monitors
them. According to our analysis these principles of science are common
to systematic study in such disciplines as astrophysics, political science, and
economics, as well as to more applied fields such as medicine, agriculture,
and education. The principles emphasize objectivity, rigorous thinking,
open-mindedness, and honest and thorough reporting. Numerous scholars

IFor example, inductive, deductive, and abductive modes of scientific inquiry meet
these principles in different sequences.
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have commented on the common scientific “conceptual culture” that per-
vades most fields (see, e.g., Ziman, 2000, p. 145; Chubin and Hackett, 1990).

These principles cut across two dimensions of the scientific enterprise:
the creativity, expertise, communal values, and good judgment of the people
who “do” science; and generalized guiding principles for scientific inquiry.
The remainder of this chapter lays out the communal values of the scien-
tific community and the guiding principles of the process that enable well-
grounded scientific investigations to flourish.

THE SCIENTIFIC COMMUNITY

Science 1s a communal “form of life” (to use the expression of the
philosopher Ludwig Wittgenstein [1968]), and the norms of the community
take time to learn. Skilled investigators usually learn to conduct rigorous
scientific investigations only after acquiring the values of the scientific
community, gaining expertise in several related subfields, and mastering
diverse investigative techniques through years of practice.

The culture of science fosters objectivity through enforcement of the
rules of its “form of life”—such as the need for replicability, the unfettered
flow of constructive critique, the desirability of blind refereeing—as well as
through concerted efforts to train new scientists in certain habits of mind.
By habits of mind, we mean things such as a dedication to the primacy of
evidence, to minimizing and accounting for biases that might affect the
research process, and to disciplined, creative, and open-minded thinking.
These habits, together with the watchfulness of the community as a whole,
result in a cadre of investigators who can engage differing perspectives and
explanations in their work and consider alternative paradigms. Perhaps
above all, the communally enforced norms ensure as much as is humanly
possible that individual scientists—while not necessarily happy about being
proven wrong—are willing to open their work to criticism, assessment, and
potential revision.

Another crucial norm of the scientific “form of life,” which also depends
for its efficacy on communal enforcement, is that scientists should be ethical
and honest. This assertion may seem trite, even naive. But scientific
knowledge is constructed by the work of individuals, and like any other
enterprise, if the people conducting the work are not open and candid, it
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can easily falter. Sir Cyril Burt, a distinguished psychologist studying the
heritability of intelligence, provides a case in point. He believed so strongly
in his hypothesis that intelligence was highly heritable that he “doctored”
data from twin studies to support his hypothesis (Tucker, 1994; Mackintosh,
1995); the scientific community reacted with horror when this transgression
came to light. Examples of such unethical conduct in such fields as medi-
cal research are also well documented (see, e.g., Lock and Wells, 1996).
A different set of ethical issues also arises in the sciences that involve
research with animals and humans. The involvement of living beings in
the research process inevitably raises difficult ethical questions about a host
of potential risks, ranging from confidentiality and privacy concerns to
injury and death. Scientists must weigh the relative benefits of what might
be learned against the potential risks to human research participants as they

strive toward rigorous inquiry. (We consider this issue more fully in Chap-
ters 4 and 6.)

GUIDING PRINCIPLES

Throughout this report we argue that science is competent inquiry
that produces warranted assertions (Dewey, 1938), and ultimately develops
theory that is supported by pertinent evidence. The guiding principles
that follow provide a framework for how valid inferences are supported,
characterize the grounds on which scientists criticize one another’s work,
and with hindsight, describe what scientists do. Science is a creative enter-
prise, but it is disciplined by communal norms and accepted practices for
appraising conclusions and how they were reached. These principles have
evolved over time from lessons learned by generations of scientists and
scholars of science who have continually refined their theories and methods.

SCIENTIFIC PRINCIPLE 1
Pose Significant Questions That Can Be Investigated Empirically

This principle has two parts. The first part concerns the nature of the
questions posed: science proceeds by posing significant questions about
the world with potentially multiple answers that lead to hypotheses or
conjectures that can be tested and refuted. The second part concerns how
these questions are posed: they must be posed in such a way that it is
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possible to test the adequacy of alternative answers through carefully de-
signed and implemented observations.

Question Significance

A crucial but typically undervalued aspect of successful scientific in-
vestigation is the quality of the question posed. Moving from hunch to
conceptualization and specification of a worthwhile question is essential to
scientific research. Indeed, many scientists owe their renown less to their
ability to solve problems than to their capacity to select insightful questions
for investigation, a capacity that is both creative and disciplined:

The formulation of a problem 1s often more essential than its solu-
tion, which may be merely a matter of mathematical or experi-
mental skill. To raise new questions, new possibilities, to regard old
questions from a new angle, requires creative imagination and marks
real advance in science (Einstein and Infeld, 1938, p. 92, quoted in
Krathwohl, 1998).

Questions are posed in an effort to fill a gap in existing knowledge or
to seek new knowledge, to pursue the identification of the cause or causes
of some phenomena, to describe phenomena, to solve a practical problem,
or to formally test a hypothesis. A good question may reframe an older
problem in light of newly available tools or techniques, methodological or
theoretical. For example, political scientist Robert Putnam challenged the
accepted wisdom that increased modernity led to decreased civic involve-
ment (see Box 3-1) and his work has been challenged in turn. A question
may also be a retesting of a hypothesis under new conditions or circum-
stances; indeed, studies that replicate earlier work are key to robust research
findings that hold across settings and objects of inquiry (see Principle 5). A
good question can lead to a strong test of a theory, however explicit or
implicit the theory may be.

The significance of a question can be established with reference to
prior research and relevant theory, as well as to its relationship with impor-
tant claims pertaining to policy or practice. In this way, scientific knowl-
edge grows as new work is added to—and integrated with—the body of
material that has come before it. This body of knowledge includes theo-
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BOX 3-1
Does Modernization Signal the Demise of the Civic
Community?

In 1970 political scientist Robert Putnam was in Rome study-
ing Italian politics when the government decided to imple-
ment a new system of regional governments throughout the
country. This situation gave Putnam and his colleagues an
opportunity to begin a long-term study of how government
institutions develop in diverse social environments and what
affects their success or failure as democratic institutions
(Putnam, Leonardi, and Nanetti, 1993). Based on a concep-
tual framework about “institutional performance,” Putnam
and his colleagues carried out three or four waves of personal
interviews with government officials and local leaders, six na-
tionwide surveys, statistical measures of institutional perfor-
mance, analysis of relevant legislation from 1970 to 1984, a
one-time experiment in government responsiveness, and in-
depth case studies in six regions from 1976 to 1989.

The researchers found converging evidence of striking dif-
ferences by region that had deep historical roots. The results
also cast doubt on the then-prevalent view that increased
modernity leads to decreased civic involvement. “The least
civic areas of Italy are precisely the traditional southern vil-
lages. The civic ethos of traditional communities must not be
idealized. Life in much of traditional Italy today is marked by
hierarchy and exploitation, not by share-and-share alike” (p.
114). In contrast, “The most civic regions of Italy—the commu-
nities where citizens feel empowered to engage in collective
deliberation about public choices and where those choices are
translated most fully into effective public policies—include
some of the most modern towns and cities of the peninsula.
Modernization does not signal the demise of the civic com-
munity” (p. 115).

The findings of Putnam and his colleagues about the rela-
tive influence of economic development and civic traditions
on democratic success are less conclusive, but the weight of
the evidence favors the assertion that civic tradition matters
more than economic affluence. This and subsequent work on
social capital (Putnam, 1995) has led to a flurry of investiga-
tions and controversy that continues today.
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ries, models, research methods (e.g., designs, measurements), and research
tools (e.g., microscopes, questionnaires). Indeed, science is not only an
effort to produce representations (models) of real-world phenomena by
going from nature to abstract signs. Embedded in their practice, scientists
also engage in the development of objects (e.g., instruments or practices);
thus, scientific knowledge is a by-product of both technological activities
and analytical activities (Roth, 2001). A review of theories and prior re-
search relevant to a particular question can simply establish that it has not
been answered before. Once this is established, the review can help shape
alternative answers, the design and execution of a study by illuminating if
and how the question and related conjectures have already been examined,
as well as by identifying what is known about sampling, setting, and other
important context.?

Donald Stokes’ work (Stokes, 1997) provides a useful framework for
thinking about important questions that can advance scientific knowledge
and method (see Figure 3-1). In Pasteur’s Quadrant, he provided evidence
that the conception of research-based knowledge as moving in a linear
progression from fundamental science to applied science does not reflect
how science has historically advanced. He provided several examples dem-
onstrating that, instead, many advancements in science occurred as a result
of “use-inspired research,” which simultaneously draws on both basic and
applied research. Stokes (1997, p. 63) cites Brooks (1967) on basic and
applied work:

Work directed toward applied goals can be highly fundamental in
character in that it has an important impact on the conceptual
structure or outlook of a field. Moreover, the fact that research is
of such a nature that it can be applied does not mean that it is not
also basic.

2We recognize that important scientific discoveries are sometimes made when a
competent observer notes a strange or interesting phenomenon for the first time. In
these cases, of course, no prior literature exists to shape the investigation. And new
fields and disciplines need to start somewhere. Our emphasis on linking to prior
literature in this principle, then, applies generally to relatively established domains and
fields.
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Research is inspired by:

Considerations of Use?

No Yes

Pure basic Use-inspired
Yes research basic research

(Bohr) (Pasteur)

Quest for
Fundamental
Understanding?

Pure applied

No research

(Edison)

FIGURE 3-1. Quadrant model of scientific research.

SOURCE: Stokes (1997, p. 73). Reprinted with permission.

Stokes’ model clearly applies to research in education, where problems
of practice and policy provide a rich source for important—and often

highly fundamental in character—research questions.

Empirically Based

Put simply, the term “empirical” means based on experience through
the senses, which in turn is covered by the generic term observation. Since
science is concerned with making sense of the world, its work is necessarily
grounded in observations that can be made about it. Thus, research questions
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must be posed in ways that potentially allow for empirical investigation.?

For example, both Milankovitch and Muller could collect data on the
Earth’s orbit to attempt to explain the periodicity in ice ages (see Box 3-2).
Likewise, Putnam could collect data from natural variations in regional
government to address the question of whether modernization leads to the
demise of civic community (Box 3-1), and the Tennessee state legislature
could empirically assess whether reducing class size improves students’
achievement in early grades (Box 3-3) because achievement data could be
collected on students in classes of varying sizes. In contrast, questions such
as:* Should all students be required to say the pledge of allegiance?” cannot
be submitted to empirical investigation and thus cannot be examined sci-
entifically. Answers to these questions lie in realms other than science.

SCIENTIFIC PRINCIPLE 2
Link Research to Relevant Theory

Scientific theories are, in essence, conceptual models that explain some
phenomenon. They are “nets cast to catch what we call ‘the world’...we
endeavor to make the mesh ever finer and finer” (Popper, 1959, p. 59).
Indeed, much of science is fundamentally concerned with developing and
testing theories, hypotheses, models, conjectures, or conceptual frameworks
that can explain aspects of the physical and social world. Examples of well-
known scientific theories include evolution, quantum theory, and the theory
of relativity.

In the social sciences and in education, such “grand” theories are rare.
To be sure, generalized theoretical understanding is still a goal. However,
some research in the social sciences seeks to achieve deep understanding of
particular events or circumstances rather than theoretical understanding
that will generalize across situations or events. Between these extremes lies
the bulk of social science theory or models, what Merton (1973) called

3Philosophers of science have long debated the meaning of the term empirical. As
we state here, in one sense the empirical nature of science means that assertions about
the world must be warranted by, or at least constrained by, explicit observation of it.
However, we recognize that in addition to direct observation, strategies like logical
reasoning and mathematical analysis can also provide empirical support for scientific
assertions.
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BOX 3-2
How Can the Cyclic Nature of Ice Ages Be Explained?

During the past 1 billion years, the earth’s climate has fluc-
tuated between cold periods, when glaciers scoured the con-
tinents, and ice-free warm periods. Serbian mathematician
Milutin Milankovitch in the 1930s posited the textbook expla-
nation for these cycles, which was accepted as canon until
recently (Milankovitch, 1941/1969; Berger, Imbrie, Hays, Kukla,
and Saltzman, 1984). He based his theory on painstaking
measurements of the eccentricity—or out-of-roundness—of
the Earth’s orbit, which changed from almost perfectly circu-
lar to slightly oval and back every 100,000 years, matching the
interval between glaciation periods. Subsequently, however,
analysis of light energy absorbed by Earth, measured from
the content of organic material in geological sediment cores,
raised doubts about this correlation as a causal mechanism
(e.g., MacDonald and Sertorio, 1990). The modest change in
eccentricity did not make nearly enough difference in inci-
dent sunlight to produce the required change in thermal ab-
sorption. Another problem with Milankovitch’s explanation
was that the geologic record showed some glaciation periods
beginning before the orbital changes that supposedly caused
them (Broecker, 1992; Winograd, Coplen, and Landwehr, 1992).

Astrophysicist Richard Muller then suggested an alternative
mechanism, based on a different aspect of the Earth’s orbit
(Muller, 1994; Karner and Muller, 2000; also see Grossman,
2001). Muller hypothesized that it is the Earth’s orbit in and
out of the ecliptic that has been responsible for Earth’s cycli-

mid-range theories that attempt to account for some aspect of the social
world. Examples of such mid-range theories or explanatory models can be
found in the physical and the social sciences.
These theories are representations or abstractions of some aspect of
reality that one can only approximate by such models. Molecules, fields, or
black holes are classic explanatory models in physics; the genetic code and
the contractile filament model of muscle are two in biology. Similarly,
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cal glaciation periods. He based the hypothesis on astronomi-
cal observations showing that the regions above and below
the ecliptic are laden with cosmic dust, which would cool the
planet. Muller's “inclination theory” received major support
when Kenneth Farley (1995) published a paper on cosmic dust
in sea sediments.

Farley had begun his research project in an effort to refute
the Muller inclination model, but discovered—to his surprise—
that cosmic dust levels did indeed wax and wane in sync with
the ice ages. As an immediate cause of the temperature
change, Muller proposed that dust from space would influ-
ence the cloud cover on Earth and the amount of greenhouse
gases—mainly carbon dioxide—in the atmosphere. Indeed,
measurements of oxygen isotopes in trapped air bubbles and
other properties from a 400,000-year-long Antarctic ice core
by paleoceanographer Nicholas Shackleton (2001) provided
more confirming evidence.

To gain greater understanding of these processes, geochro-
nologists are seeking new “clocks” to determine more accu-
rately the timing of events in the Earth’s history (e.g., Feng
and Vasconcelos, 2001), while geochemists look for new ways
of inferring temperature from composition of gasses trapped
deep in ice or rock (see Pope and Giles, 2001). Still, no one
knows how orbital variations would send the carbon dioxide
into and out of the atmosphere. And there are likely to be
other significant geologic factors besides carbon dioxide that
control climate. There is much work still to be done to sort
out the complex variables that are probably responsible for
the ice ages.

culture, socioeconomic status, and poverty are classical models in anthro-
pology, sociology, and political science. In program evaluation, program
developers have ideas about the mechanism by which program inputs affect
targeted outcomes; evaluations translate and test these ideas through a “pro-
gram theory” that guides the work (Weiss, 1998a).

Theory enters the research process in two important ways. First, sci-
entific research may be guided by a conceptual framework, model, or theory
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that suggests possible questions to ask or answers to the question posed.*
The process of posing significant questions typically occurs before a study
is conducted. Researchers seek to test whether a theory holds up under
certain circumstances. Here the link between question and theory is
straightforward. For example, Putnam based his work on a theoretical
conception of institutional performance that related civic engagement and
modernization.

A research question can also devolve from a practical problem (Stokes,
1997; see discussion above). In this case, addressing a complex problem like
the relationship between class size and student achievement may require
several theories. Difterent theories may give conflicting predictions about
the problem’s solution, or various theories might have to be reconciled to
address the problem. Indeed, the findings from the Tennessee class size
reduction study (see Box 3-3) have led to several efforts to devise theoreti-
cal understandings of how class size reduction may lead to better student
achievement. Scientists are developing models to understand difterences
in classroom behavior between large and small classes that may ultimately
explain and predict changes in achievement (Grissmer and Flannagan, 2000).

A second more subtle way that theoretical understanding factors into
the research process derives from the fact that all scientific observations are
“theory laden” (Kuhn, 1962). That is, the choice of what to observe and
how to observe it is driven by an organizing conception—explicit or tacit—
of the problem or topic. Thus, theory drives the research question, the use
of methods, and the interpretation of results.

SCIENTIFIC PRINCIPLE 3
Use Methods That Permit Direct Investigation of the Question

Research methods—the design for collecting data and the measure-
ment and analysis of variables in the design—should be selected in light of
a research question, and should address it directly. Methods linked directly
to problems permit the development of a logical chain of reasoning based

*The process of posing significant questions or hypotheses may occur, as well, at the
end of a study (e.g.,Agar, 1996), or over the course of an investigation as understanding
of the facets of the problem evolves (e.g., Brown, 1992).
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on the interplay among investigative techniques, data, and hypotheses to
reach justifiable conclusions. For clarity of discussion, we separate out the
link between question and method (see Principle 3) and the rigorous reason-
ing from evidence to theory (see Principle 4). In the actual practice of
research, such a separation cannot be achieved.

Debates about method—in many disciplines and fields—have raged
for centuries as researchers have battled over the relative merit of the vari-
ous techniques of their trade. The simple truth is that the method used to
conduct scientific research must fit the question posed, and the investigator
must competently implement the method. Particular methods are better
suited to address some questions rather than others. The rare choice in the
mid 1980s in Tennessee to conduct a randomized field trial, for example,
enabled stronger inferences about the effects of class size reduction on
student achievement (see Box 3-3) than would have been possible with
other methods.

This link between question and method must be clearly explicated and
justified; a researcher should indicate how a particular method will enable
competent investigation of the question of interest. Moreover, a detailed
description of method—measurements, data collection procedures, and data
analyses—must be available to permit others to critique or replicate the
study (see Principle 5). Finally, investigators should identify potential
methodological limitations (such as insensitivity to potentially important
variables, missing data, and potential researcher bias).

The choice of method is not always straightforward because, across all
disciplines and fields, a wide range of legitimate methods—both quantitative
and qualitative—are available to the researcher. For example when
considering questions about the natural universe—from atoms to cells to
black holes—profoundly difterent methods and approaches characterize
each sub-field. While investigations in the natural sciences are often
dependent on the use of highly sophisticated instrumentation (e.g., particle
accelerators, gene sequencers, scanning tunneling microscopes), more
rudimentary methods often enable significant scientific breakthroughs. For
example, in 1995 two Danish zoologists identified an entirely new phylum
of animals from a species of tiny rotifer-like creatures found living on the
mouthparts of lobsters, using only a hand lens and light microscope (Wilson,
1998, p. 63).
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BOX 3-3
Does Reducing Class Size Improve Students’ Achievement?

Although research on the effects of class size reduction on
students’ achievement dates back 100 years, Glass and Smith
(1978) reported the first comprehensive statistical synthesis
(meta-analysis) of the literature and concluded that, indeed,
there were small improvements in achievement when class
size was reduced (see also Glass, Cahen, Smith, and Filby, 1982;
Bohrnstedt and Stecher, 1999). However, the Glass and Smith
study was criticized (e.g., Robinson and Wittebols, 1986; Slavin,
1989) on a number of grounds, including the selection of some
of the studies for the meta-analysis (e.g., tutoring, college
classes, atypically small classes). Some subsequent reviews
reached conclusions similar to Glass and Smith (e.g., Bohrnstedt
and Stetcher, 1999; Hedges, Laine, and Greenwald, 1994;
Robinson and Wittebols, 1986) while others did not find con-
sistent evidence of a positive effect (e.g., Hanushek, 1986,
1999a; Odden, 1990; Slavin, 1989).

Does reducing class size improve students’ achievement?
In the midst of controversy, the Tennessee state legislature
asked just this question and funded a randomized experiment
to find out, an experiment that Harvard statistician Frederick
Mosteller (1995, p. 113) called “. . . one of the most important
educational investigations ever carried out.” A total of 11,600
elementary school students and their teachers in 79 schools
across the state were randomly assigned to one of three class-
size conditions: small class (13-17 students), regular class

If a research conjecture or hypothesis can withstand scrutiny by mul-
tiple methods its credibility is enhanced greatly. As Webb, Campbell,
Schwartz, and Sechrest (1966, pp. 173-174) phrased it: “When a hypothesis
can survive the confrontation of a series of complementary methods of
testing, it contains a degree of validity unattainable by one tested within
the more constricted framework of a single method.” Putnam’s study (see
Box 3-1) provides an example in which both quantitative and qualitative
methods were applied in a longitudinal design (e.g., interview, survey,
statistical estimate of institutional performance, analysis of legislative docu-
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(22-26 students), or regular class (22-26 students) with a full-
time teacher’s aide (for descriptions of the experiment, see
Achilles, 1999; Finn and Achilles, 1990; Folger and Breda, 1989;
Krueger, 1999; Word et al., 1990). The experiment began with
a cohort of students who entered kindergarten in 1985, and
lasted 4 years. After third grade, all students returned to
regular size classes. Although students were supposed to stay
in their original treatment conditions for four years, not all
did. Some were randomly reassigned between regular and
regular/aide conditions in the first grade while about 10 per-
cent switched between conditions for other reasons (Krueger
and Whitmore, 2000).

Three findings from this experiment stand out. First, stu-
dents in small classes outperformed students in regular size
classes (with or without aides). Second, the benefits of class-
size reduction were much greater for minorities (primarily
African American) and inner-city children than others (see, e.g.,
Finn and Achilles, 1990, 1999; but see also Hanushek, 1999b).
And third, even though students returned to regular classes
in fourth grade, the reduced class-size effect persisted in
affecting whether they took college entrance examinations
and on their examination performance (Krueger and
Whitmore, 2001).*

*Interestingly, in balancing the size of the effects of class size
reduction with the costs, the Tennessee legislature decided not to
reduce class size in the state (Ritter and Boruch, 1999).

ments) to generate converging evidence about the effects of modernization
on civic community. New theories about the periodicity of the ice ages,
similarly, were informed by multiple methods (e.g., astronomical observa-
tions of cosmic dust, measurements of oxygen isotopes). The integration
and interaction of multiple disciplinary perspectives—with their varying
methods—often accounts for scientific progress (Wilson, 1998); this is
evident, for example, in the advances in understanding early reading skills
described in Chapter 2. This line of work features methods that range
from neuroimaging to qualitative classroom observation.
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We close our discussion of this principle by noting that in many sciences,
measurement is a key aspect of research method. This is true for many
research endeavors in the social sciences and education research, although
not for all of them. If the concepts or variables are poorly specified or
inadequately measured, even the best methods will not be able to support
strong scientific inferences. The history of the natural sciences is one of
remarkable development of concepts and variables, as well as the tools
(instrumentation) to measure them. Measurement reliability and validity
is particularly challenging in the social sciences and education (Messick,
1989). Sometimes theory is not strong enough to permit clear specification
and justification of the concept or variable. Sometimes the tool (e.g.,
multiple-choice test) used to take the measurement seriously under-
represents the construct (e.g., science achievement) to be measured. Some-
times the use of the measurement has an unintended social consequence
(e.g., the effect of teaching to the test on the scope of the curriculum in
schools).

And sometimes error is an inevitable part of the measurement process.
In the physical sciences, many phenomena can be directly observed or have
highly predictable properties; measurement error is often minimal. (How-
ever, see National Research Council [1991] for a discussion of when and
how measurement in the physical sciences can be imprecise.) In sciences
that involve the study of humans, it is essential to identify those aspects of
measurement error that attenuate the estimation of the relationships of
interest (e.g., Shavelson, Baxter, and Gao, 1993). By investigating those
aspects of a social measurement that give rise to measurement error, the
measurement process itself will often be improved. Regardless of field of
study, scientific measurements should be accompanied by estimates of
uncertainty whenever possible (see Principle 4 below).

SCIENTIFIC PRINCIPLE 4
Provide Coherent, Explicit Chain of Reasoning

The extent to which the inferences that are made in the course of
scientific work are warranted depends on rigorous reasoning that system-
atically and logically links empirical observations with the underlying theory
and the degree to which both the theory and the observations are linked
to the question or problem that lies at the root of the investigation. There
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is no recipe for determining how these ingredients should be combined;
instead, what is required is the development of a logical “chain of reason-
ing” (Lesh, Lovitts, and Kelly, 2000) that moves from evidence to theory
and back again. This chain of reasoning must be coherent, explicit (one
that another researcher could replicate), and persuasive to a skeptical reader
(so that, for example, counterhypotheses are addressed).

All rigorous research—quantitative and qualitative—embodies the same
underlying logic of inference (King, Keohane, and Verba, 1994). This
inferential reasoning is supported by clear statements about how the research
conclusions were reached: What assumptions were made? How was evi-
dence judged to be relevant? How were alternative explanations consid-
ered or discarded? How were the links between data and the conceptual
or theoretical framework made?

The nature of this chain of reasoning will vary depending on the design
of the study, which in turn will vary depending on the question that is
being investigated. Will the research develop, extend, modify, or test a
hypothesis? Does it aim to determine: What works? How does it work?
Under what circumstances does it work? If the goal of the research is to test
a hypothesis, stated in the form of an “if-then” rule, successful inference
may depend on measuring the extent to which the rule predicts results
under a variety of conditions. If the goal is to produce a description of a
complex system, such as a subcellular organelle or a hierarchical social
organization, successful inference may rather depend on issues of fidelity
and internal consistency of the observational techniques applied to diverse
components and the credibility of the evidence gathered. The research
design and the inferential reasoning it enables must demonstrate a thorough
understanding of the subtleties of the questions to be asked and the
procedures used to answer them.

Muller (1994), for example, collected data on the inclination of the
Earth’s orbit over a 100,000 year cycle, correlated it with the occurrence
of ice ages, ruled out the plausibility of orbital eccentricity as a cause for
the occurrence of ice ages, and inferred that the bounce in the Earth’s orbit
likely caused the ice ages (see Box 3-2). Putnam used multiple methods
to subject to rigorous testing his hypotheses about what affects the success
or failure of democratic institutions as they develop in diverse social envi-
ronments to rigorous testing, and found the weight of the evidence favored
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the assertion that civic tradition matters more than economic affluence
(see Box 3-1). And Baumeister, Bratslavsky, Muraven, and Tice (1998)
compared three competing theories and used randomized experiments to
conclude that a “psychic energy” hypothesis best explained the important
psychological characteristic of “will power” (see “Application of the
Principles”).

This principle has several features worthy of elaboration. Assumptions
underlying the inferences made should be clearly stated and justified.
Moreover, choice of design should both acknowledge potential biases and
plan for implementation challenges.

Estimates of error must also be made. Claims to knowledge vary
substantially according to the strength of the research design, theory, and
control of extraneous variables and by systematically ruling out possible
alternative explanations. Although scientists always reason in the presence
of uncertainty, it is critical to gauge the magnitude of this uncertainty. In
the physical and life sciences, quantitative estimates of the error associated
with conclusions are often computed and reported. In the social sciences
and education, such quantitative measures are sometimes difficult to gen-
erate; in any case, a statement about the nature and estimated magnitude of
error must be made in order to signal the level of certainty with which
conclusions have been drawn.

Perhaps most importantly, the reasoning about evidence should iden-
tify, consider, and incorporate, when appropriate, the alternative, compet-
ing explanations or rival “answers” to the research question. To make valid
inferences, plausible counterexplanations must be dealt with in a rational,
systematic, and compelling way.> The validity—or credibility—of a
hypothesis is substantially strengthened if alternative counterhypotheses can
be ruled out and the favored one thereby supported. Well-known research
designs (e.g., Campbell and Stanley [1963] in educational psychology;
Heckman [1979, 1980a, 1980b, 2001] and Goldberger [1972, 1983] in

5In reporting, too, it is important to clarify that rival hypotheses are possible and that
conclusions are not presented as if they were gospel. Murphy and colleagues call this
““fair-dealing’—wariness of presenting the perspective of one group as if it defined a
single truth about the phenomenon, while paying scant attention to other perspectives”
(Murphy, Dingwall, Greatbatch, Parker, and Watson, 1998, p. 192).
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economics; and Rosenbaum and Rubin [1983, 1984] in statistics) have
been crafted to guard researchers against specific counterhypotheses (or
“threats to validity”). One example, often called “selectivity bias,” is the
counterhypothesis that differential selection (not the treatment) caused the
outcome—that participants in the experimental treatment systematically
differed from participants in the traditional (control) condition in ways that
mattered importantly to the outcome. A cell biologist, for example, might
unintentionally place (select) heart cells with a slight glimmer into an experi-
mental group and others into a control group, thus potentially biasing the
comparison between the groups of cells. The potential for a biased—or
unfair—comparison arises because the shiny cells could differ systematically
from the others in ways that affect what is being studied.

Selection bias is a pervasive problem in the social sciences and educa-
tion research. To illustrate, in studying the effects of class-size reduction,
credentialed teachers are more likely to be found in wealthy school dis-
tricts that have the resources to reduce class size than in poor districts. This
fact raises the possibility that higher achievement will be observed in the
smaller classes due to factors other than class size (e.g.. teacher effects).
Random assignment to “treatment’ is the strongest known antidote to the
problem of selection bias (see Chapter 5).

A second counterhypothesis contends that something in the research
participants’ history that co-occurred with the treatment caused the out-
come, not the treatment itself. For example, U.S. fourth-grade students
outperformed students in others countries on the ecology subtest of the
Third International Mathematics and Science Study. One (popular) expla-
nation of this finding was that the effect was due to their schooling and the
emphasis on ecology in U.S. elementary science curricula. A counter-
hypothesis, one of history, posits that their high achievement was due to
the prevalence of ecology in children’s television programming. A control
group that has the same experiences as the experimental group except for
the “treatment” under study is the best antidote for this problem.

A third prevalent class of alternative interpretations contends that an
outcome was biased by the measurement used. For example, education
effects are often judged by narrowly defined achievement tests that focus
on factual knowledge and therefore favor direct-instruction teaching tech-
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niques. Multiple achievement measures with high reliability (consistency)
and validity (accuracy) help to counter potential measurement bias.

The Tennessee class-size study was designed primarily to eliminate all
possible known explanations, except for reduced class size, in comparing
the achievement of children in regular classrooms against achievement in
reduced size classrooms. It did this. Complications remained, however.
About ten percent of students moved out of their originally assigned con-
dition (class size), weakening the design because the comparative groups
did not remain intact to enable strict comparisons. However, most scholars
who subsequently analyzed the data (e.g., Krueger and Whitmore, 2001),
while limited by the original study design, suggested that these infidelities
did not affect the main conclusions of the study that smaller class size
caused slight improvements in achievement. Students in classes of 13-17
students outperformed their peers in larger classes, on average, by a small
margin.

SCIENTIFIC PRINCIPLE 5
Replicate and Generalize Across Studies

Replication and generalization strengthen and clarify the limits of
scientific conjectures and theories. By replication we mean, at an elementary
level, that if one investigator makes a set of observations, another investi-
gator can make a similar set of observations under the same conditions.
Replication in this sense comes close to what psychometricians call
reliability—consistency of measurements from one observer to another,
from one task to another parallel task, from one occasion to another occa-
sion. Estimates of these different types of reliability can vary when
measuring a given construct: for example, in measuring performance of
military personnel (National Research Council, 1991), multiple observers
largely agreed on what they observed within tasks; however, enlistees’
performance across parallel tasks was quite inconsistent.

At a somewhat more complex level, replication means the ability to
repeat an investigation in more than one setting (from one laboratory to
another or from one field site to a similar field site) and reach similar
conclusions. To be sure, replication in the physical sciences, especially with
inanimate objects, 1s more easily achieved than in social science or education;
put another way, the margin of error in social science replication is usually
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much greater than in physical science replication. The role of contextual
factors and the lack of control that characterizes work in the social realm
require a more nuanced notion of replication. Nevertheless, the typically
large margins of error in social science replications do not preclude their
identification.

Having evidence of replication, an important goal of science is to
understand the extent to which findings generalize from one object or
person to another, from one setting to another, and so on. To this end, a
substantial amount of statistical machinery has been built both to help
ensure that what is observed in a particular study is representative of what
is of larger interest (i.e., will generalize) and to provide a quantitative measure
of the possible error in generalizing. Nonstatistical means of generalization
(e.g., triangulation, analytic induction, comparative analysis) have also been
developed and applied in genres of research, such as ethnography, to under-
stand the extent to which findings generalize across time, space, and popu-
lations. Subsequent applications, implementations, or trials are often
necessary to assure generalizability or to clarify its limits. For example,
since the Tennessee experiment, additional studies of the effects of class size
reduction on student learning have been launched in settings other than
Tennessee to assess the extent to which the findings generalize (e.g., Hruz,
2000).

In the social sciences and education, many generalizations are limited
to particular times and particular places (Cronbach, 1975). This is because
the social world undergoes rapid and often significant change; social gen-
eralizations, as Cronbach put it, have a shorter “half-life” than those in the
physical world. Campbell and Stanley (1963) dubbed the extent to which
the treatment conditions and participant population of a study mirror the
world to which generalization is desired the “external validity” of the study.
Consider, again, the Tennessee class-size research; it was undertaken in a set
of schools that had the desire to participate, the physical facilities to accom-
modate an increased number of classrooms, and adequate teaching staff.
Governor Wilson of California “overgeneralized” the Tennessee study,
ignoring the specific experimental conditions of will and capacity and
implemented class-size reduction in more than 95 percent of grades K-3
in the state. Not surprisingly, most researchers studying California have
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concluded that the Tennessee findings did not entirely generalize to a dif-
ferent time, place, and context (see, e.g., Stecher and Bohrnstedt, 2000).°

SCIENTIFIC PRINCIPLE 6
Disclose Research to Encourage Professional Scrutiny
and Critique

We argue in Chapter 2 that a characteristic of scientific knowledge
accumulation is its contested nature. Here we suggest that science is not
only characterized by professional scrutiny and criticism, but also that such
criticism is essential to scientific progress. Scientific studies usually are
elements of a larger corpus of work; furthermore, the scientists carrying
out a particular study always are part of a larger community of scholars.
Reporting and reviewing research results are essential to enable wide and
meaningful peer review. Results are traditionally published in a specialty
journal, in books published by academic presses, or in other peer-reviewed
publications. In recent years, an electronic version may accompany or even

7

substitute for a print publication.” Results may be debated at professional

conferences. Regardless of the medium, the goals of research reporting are
to communicate the findings from the investigation; to open the study to
examination, criticism, review, and replication (see Principle 5) by peer
investigators; and ultimately to incorporate the new knowledge into the
prevailing canon of the field.?

6A question arises as to whether this is a failure to generalize or a problem of poor
implementation. The conditions under which Tennessee implemented the experiment
were not reproduced in California with the now known consequence of failure to
replicate and generalize.

7The committee is concerned that the quality of peer review in electronic modes of
dissemination varies greatly and sometimes cannot be easily assessed from its source.
While the Internet is providing new and exciting ways to connect scientists and pro-
mote scientific debate, the extent to which the principles of science are met in some
electronically posted work is often unclear.

8Social scientists and education researchers also commonly publish information about
new knowledge for practitioners and the public. In those cases, the research must be
reported in accessible ways so that readers can understand the researcher’s procedures
and evaluate the evidence, interpretations, and arguments.
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The goal of communicating new knowledge is self-evident: research
results must be brought into the professional and public domain if they are
to be understood, debated, and eventually become known to those who
could fruitfully use them. The extent to which new work can be reviewed
and challenged by professional peers depends critically on accurate, com-
prehensive, and accessible records of data, method, and inferential reason-
ing. This careful accounting not only makes transparent the reasoning that
led to conclusions—promoting its credibility—but it also allows the com-
munity of scientists and analysts to comprehend, to replicate, and otherwise
to inform theory, research, and practice in that area.

Many nonscientists who seek guidance from the research community
bemoan what can easily be perceived as bickering or as an indication of
“bad” science. Quite the contrary: intellectual debate at professional
meetings, through research collaborations, and in other settings provide the
means by which scientific knowledge is refined and accepted; scientists
strive for an “open society” where criticism and unfettered debate point
the way to advancement. Through scholarly critique (see, e.g., Skocpol,
1996) and debate, for example, Putnam’s work has stimulated a series of
articles, commentary, and controversy in research and policy circles about
the role of “social capital” in political and other social phenomena (Winter,
2000). And the Tennessee class size study has been the subject of much
scholarly debate, leading to a number of follow-on analyses and launching
new work that attempts to understand the process by which classroom
behavior may shift in small classes to facilitate learning. However, as
Lagemann (2000) has observed, for many reasons the education research
community has not been nearly as critical of itself as is the case in other
fields of scientific study.

APPLICATION OF THE PRINCIPLES

The committee considered a wide range of literature and scholarship
to test its ideas about the guiding principles. We realized, for example, that
empiricism, while a hallmark of science, does not uniquely define it. A
poet can write from first-hand experience of the world, and in this sense
is an empiricist. And making observations of the world, and reasoning
about their experience, helps both literary critics and historians create the
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interpretive frameworks that they bring to bear in their scholarship. But
empirical method in scientific inquiry has different features, like codified
procedures for making observations and recognizing sources of bias asso-
ciated with particular methods,” and the data derived from these observa-
tions are used specifically as tools to support or refute knowledge claims.
Finally, empiricism in science involves collective judgments based on logic,
experience, and consensus.

Another hallmark of science is replication and generalization. Human-
ists do not seek replication, although they often attempt to create work
that generalizes (say) to the “human condition.” However, they have no
formal logic of generalization, unlike scientists working in some domains
(e.g., statistical sampling theory). In sum, it is clear that there is no bright
line that distinguishes science from nonscience or high-quality science from
low-quality science. Rather, our principles can be used as general guide-
lines for understanding what can be considered scientific and what can be
considered high-quality science (see, however, Chapters 4 and 5 for an
elaboration).

To show how our principles help differentiate science from other forms
of scholarship, we briefly consider two genres of education inquiry pub-
lished in refereed journals and books. We do not make a judgment about
the worth of either form of inquiry; although we believe strongly in the
merits of scientific inquiry in education research and more generally, that
“science” does not mean “good.” Rather, we use them as examples to
illustrate the distinguishing character of our principles of science. The
first—connoisseurship—grew out of the arts and humanities (e.g., Eisner,
1991) and does not claim to be scientific. The second—portraiture—claims
to straddle the fence between humanistic and scientific inquiry (e.g.,
Lawrence-Lightfoot and Davis, 1997).

Eisner (1991, p. 7) built a method for education inquiry firmly rooted
in the arts and humanities, arguing that “there are multiple ways in which
the world can be known: Artists, writers, and dancers, as well as scientists,
have important things to tell about the world.” His method of inquiry
combines connoisseurship (the art of appreciation), which “aims to

We do not claim that any one investigator or observational method is “objective”
Rather, the guiding principles are established to guard against bias through rigorous
methods and a critical community.
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appreciate the qualities . . . that constitute an act, work, or object and,
typically . . . to relate these to the contextual and antecedent conditions”
(p- 85) with educational criticism (the art of disclosure), which provides
“connoisseurship with a public face” (p. 85). The goal of this genre of
research is to enable readers to enter an event and to participate in it. To
this end, the educational critic—through educational connoisseurship—
must capture the key qualities of the material, situation, and experience
and express them in text (“criticism”) to make what the critic sees clear to
others. “To know what schools are like, their strengths and their weak-
nesses, we need to be able to see what occurs in them, and we need to be
able to tell others what we have seen in ways that are vivid and insightful”
(Eisner, 1991, p. 23, italics in original).

The grounds for his knowledge claims are not those in our guiding
principles. Rather, credibility is established by: (1) structural corrobora-
tion—"“multiple types of data are related to each other” (p. 110) and
“disconfirming evidence and contradictory interpretations” (p. 111;italics in origi-
nal) are considered; (2) consensual validation—*"agreement among compe-
tent others that the description, interpretation, evaluation, and thematics of
an educational situation are right” (p. 112); and (3) referential adequacy—
“the extent to which a reader is able to locate in its subject matter the
qualities the critic addresses and the meanings he or she ascribes to these”
(p- 114). While sharing some features of our guiding principles (e.g., ruling
out counterinterpretations to the favored interpretation), this humanistic
approach to knowledge claims builds on a very different epistemology; the
key scientific concepts of reliability, replication, and generalization, for
example, are quite different. We agree with Eisner that such approaches fall
outside the purview of science and conclude that our guiding principles
readily distinguish them.

Portraiture (Lawrence-Lightfoot, 1994; Lawrence-Lightfoot and Davis,
1997) is a qualitative research method that aims to “record and interpret
the perspectives and experience of the people they [the researchers] are
studying, documenting their [the research participants’] voices and their
visions—their authority, knowledge, and wisdom” (Lawrence-Lightfoot and
Davis, 1997, p. xv). In contrast to connoisseurship’s humanist orientation,
portraiture “seeks to join science and art” (Lawrence-Lightfoot and Davis,
1997, p. xv) by “embracing the intersection of aesthetics and empiricism”
(p. 6). The standard for judging the quality of portraiture is authenticity,
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‘... capturing the essence and resonance of the actors’ experience and
perspective through the details of action and thought revealed in context”
(p- 12). When empirical and literary themes come together (called
“resonance”) for the researcher, the actors, and the audience, “we speak of
the portrait as achieving authenticity” (p. 260).

In I've Known Rivers, Lawrence-Lightfoot (1994) explored the life stories
of six men and women:

... using the intensive, probing method of ‘human archeology’—a
name I [Lawrence-Lightfoot| coined for this genre of portraiture
as a way of trying to convey the depth and penetration of the
inquiry, the richness of the layers of human experience, the search
for ancestral and generational artifacts, and the painstaking, careful
labor that the metaphorical dig requires. As I listen to the life
stories of these individuals and participate in the ‘co-construction’
of narrative, I employ the themes, goals, and techniques of portrai-
ture. It is an eclectic, interdisciplinary approach, shaped by the
lenses of history, anthropology, psychology and sociology. I blend
the curiosity and detective work of a biographer, the literary aes-
thetic of a novelist, and the systematic scrutiny of a researcher

(p. 15).

Some scholars, then, deem portraiture as “scientific” because it relies
on the use of social science theory and a form of empiricism (e.g., inter-
view). While both empiricism and theory are important elements of our
guiding principles, as we discuss above, they are not, in themselves, defin-
ing. The devil is in the details. For example, independent replication is an
important principle in our framework but is absent in portraiture in which
researcher and subject jointly construct a narrative. Moreover, even when
our principles are manifest, the specific form and mode of application can
make a big difference. For example, generalization in our principles is
different from generalization in portraiture. As Lawrence-Lightfoot and
Davis (1997) point out, generalization as used in the social sciences does

13

not fit portraiture. Generalization in portraiture ““. . . is not the classical
conception . .. where the investigator uses codified methods for general-
izing from specific findings to a universe, and where there is little interest
in findings that reflect only the characteristics of the sample. . . ” By

contrast, the portraitist seeks to “document and illuminate the complexity
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and detail of a unique experience or place, hoping the audience will see
itself reflected in it, trusting that the readers will feel identified. The por-
traitist is very interested in the single case because she believes that embed-
ded in it the reader will discover resonant universal themes” (p. 15). We
conclude that our guiding principles would distinguish portraiture from
what we mean by scientific inquiry, although it, like connoisseurship, has
some traits in common.

To this point, we have shown how our principles help to distinguish
science and nonscience. A large amount of education research attempts to
base knowledge claims on science; clearly, however, there is great variation
with respect to scientific rigor and competence. Here we use two studies
to illustrate how our principles demonstrate this gradation in scientific
quality.

The first study (Carr, Levin, McConnachie, Carlson, Kemp, Smith, and
McLaughlin, 1999) reported on an educational intervention carried out
on three nonrandomly selected individuals who were suffering severe
behavioral disorders and who were either residing in group-home settings
or with their parents. Since earlier work had established remedial proce-
dures involving “simulations and analogs of the natural environment” (p. 6),
the focus of the study was on the generalizability (or external validity) to
the “real world” of the intervention (places, caregivers).

Using a multiple baseline design, baseline frequencies of their problem
behaviors were established, and these behaviors were remeasured while an
intervention lasting for some years was carried out. The researchers also
took several measurements during the maintenance phase of the study.
While care was taken in describing behavioral observations, variable con-
struction and reliability, the paper reporting on the study did not provide
clear, detailed depictions of the interventions or who carried them out
(research staff; staft of the group homes, or family members). Furthermore,
no details were given of the changes in staffing or in the regimens of the
residential settings—changes that were inevitable over a period of many
years (the timeline itself was not clearly described). Finally, in the course
of daily life over a number of years, many things would have happened to
each of the subjects, some of which might be expected to be of signifi-
cance to the study, but none of them were documented. Over the years,
too, one might expect some developmental changes to occur in the aggres-
sive behavior displayed by the research subjects, especially in the two teen-
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agers. In short, the study focused on generalizability at too great an ex-
pense relative to internal validity. In the end, there were many threats to
internal validity in this study, and so it is impossible to conclude (as the
authors did) from the published report that the “treatment” had actually
caused the improvement in behavior that was noted.

Turning to a line of work that we regard as scientifically more success-
ful, in a series of four randomized experiments, Baumeister, Bratslavsky,
Muraven, and Tice (1998) tested three competing theories of “will power”
(or, more technically, “self-regulation”)—the psychological characteristic
that is posited to be related to persistence with difficult tasks such as study-
ing or working on homework assignments. One hypothesis was that will
power is a developed skill that would remain roughly constant across
repeated trials. The second theory posited a self~control schema “that makes
use of information about how to alter one’s own response” (p. 1254) so that
once activated on one trial, it would be expected to increase will power on
a second trial. The third theory, anticipated by Freud’s notion of the ego
exerting energy to control the id and superego, posits that will power is a
depletable resource—it requires the use of “psychic energy” so that perfor-
mance from trial 1 to trial 2 would decrease if a great deal of will power
was called for on trial 1. In one experiment, 67 introductory psychology
students were randomly assigned to a condition in which either no food
was present or both radishes and freshly baked chocolate chip cookies were
present, and the participants were instructed either to eat two or three
radishes (resisting the cookies) or two or three cookies (resisting the radishes).
Immediately following this situation, all participants were asked to work
on two puzzles that unbeknownst to them, were unsolvable, and their
persistence (time) in working on the puzzles was measured. The experi-
mental manipulation was checked for every individual participating by
researchers observing their behavior through a one-way window. The
researchers found that puzzle persistence was the same in the control and
cookie conditions and about 2.5 times as long, on average, as in the radish
condition, lending support to the psychic energy theory—arguably, resist-
ing the temptation to eat the cookies evidently had depleted the reserve of
self-control, leading to poor performance on the second task. Later experi-
ments extended the findings supporting the energy theory to situations
involving choice, maladaptive performance, and decision making.
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However, as we have said, no single study or series of studies satisty all
of our guiding principles, and these will power experiments are no
exception. They all employed small samples of participants, all drawn from
a college population. The experiments were contrived—the conditions of
the study would be unlikely outside a psychology laboratory. And the
question of whether these findings would generalize to more realistic (e.g.,
school) settings was not addressed.

Nevertheless, the contrast in quality between the two studies, when
observed through the lens of our guiding principles, is stark. Unlike the
first study, the second study was grounded in theory and identified three
competing answers to the question of self-regulation, each leading to a
different empirically refutable claim. In doing so, the chain of reasoning
was made transparent. The second study, unlike the first, used randomized
experiments to address counterclaims to the inference of psychic energy,
such as selectivity bias or different history during experimental sessions.
Finally, in the second study, the series of experiments replicated and extended
the eftects hypothesized by the energy theory.

CONCLUDING COMMENT

Nearly a century ago, John Dewey (1916) captured the essence of the
account of science we have developed in this chapter and expressed a
hopefulness for the promise of science we similarly embrace:

Our predilection for premature acceptance and assertion, our aver-
sion to suspended judgment, are signs that we tend naturally to cut
short the process of testing. We are satisfied with superficial and
immediate short-visioned applications. If these work out with
moderate satisfactoriness, we are content to suppose that our
assumptions have been confirmed. Even in the case of failure, we
are inclined to put the blame not on the inadequacy and incorrect-
ness of our data and thoughts, but upon our hard luck and the
hostility of circumstances. . . . Science represents the safeguard of
the [human] race against these natural propensities and the evils
which flow from them. It consists of the special appliances and
methods... slowly worked out in order to conduct reflection under
conditions whereby its procedures and results are tested.
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4

Features of Education and
Fducation Research

n Chapter 3 the committee argues that the guiding principles for

scientific research in education are the same as those in the social,

physical, and life sciences. Yet the ways that those principles are
instantiated—in astrophysics, biochemistry, labor economics, cultural
anthropology, or mathematics teaching—depend on the specific features of
what is being studied. That is, each field has features that influence what
questions are asked, how research is designed, how it is carried out, and
how it is interpreted and generalized. Scholars working in a particular area
establish the traditions and standards for how to most appropriately apply
the guiding principles to their area of study (Diamond, 1999).

In this chapter, we describe how our principles of science translate in
the study of education—a rich tapestry of teaching, learning, and school-
ing. In particular, we briefly discuss five features of education that shape
scientific inquiry, and describe how these features affect research. We argue
that a key implication of these features of education is the need to account
for influential contextual factors within the process of inquiry and in under-
standing the extent to which findings can be generalized. These teatures
sharpen the conception of scientific research quality we develop in Chap-
ter 3. We also discuss three features of education research that are essential to
understanding the nature and conduct of the professional work.

To set the stage for our discussion of the particulars of scientific edu-
cation research, we reiterate our position that there are substantial similarities
between inquiry in the physical and social worlds. We have argued in
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previous chapters that our principles of science are common across disci-
plines and fields and that the accumulation of knowledge progresses in
roughly the same way. Furthermore, profoundly different methods and
approaches characterize each discipline and field in the physical sciences,
depending on such things as the time frame, the scale of magnitude, and
the complexity of the instrumentation required. The same is true in the
social sciences and education, where questions ranging from individual
learning of varied subject matter to fundamental social patterns to cultural
norms determine the length of time, the number of people, and the kind
of research instruments that are needed in conducting the studies.

Difterences in the phenomena typically under investigation do distin-
guish the research conducted by physical and social scientists. For example,
the social and cultural work of sociologists and cultural anthropologists
often do not lend themselves to the controlled conditions, randomized
treatments, or repeated measures that typify investigations in physics or
chemistry. Phenomena such as language socialization, deviancy, the devel-
opment of an idea, or the interaction of cultural tradition with educational
instruction are notoriously impervious to the controls used in the system-
atic investigations of atoms or molecules. Unlike atoms or molecules, people
grow up and change over time. The social, cultural, and economic condi-
tions they experience evolve with history. The abstract concepts and ideas
that are meaningful to them vary across time, space, and cultural tradition.
These circumstances have led some social science and education researchers
to investigative approaches that look distinctly different from those of
physical researchers, while still aligning with the guiding principles out-
lined in Chapter 3.

Another area that can notably distinguish research between the social
and physical sciences concerns researcher objectivity in relation to bias. In
some physical and life sciences, investigators are often deliberately kept
ignorant of the identity of research participants, and controls are instituted
through such devices as double-blind or randomization procedures. This
strategy is often used in medical trials to ensure that researchers’ perspec-
tives are not influenced by their knowledge of which participants received
which treatment, and similarly, that this knowledge does not alter the
behavior of the research participants. In many areas of the social sciences,
in contrast, the investigator is recognized as an “engaged participant
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observer,” involved with the experience and action of those observed
(Blumer, 1966; Denzin, 1978; Kelly and Lesh, 2000). In such “naturalistic
research paradigms” (Moschkovich and Brenner, 2000), investigators do
not seek to distance themselves from research participants, but rather to
immerse themselves in the participants’ lives, with conscious attention to
how the investigator affects and contributes to the research process. Such
strategies were developed to allow the researcher to observe, analyze, and
integrate into the research process unexpected, constantly changing, and
other potentially influential aspects of what is being studied. These
approaches are often particularly important in studying how changes in
school subject matter or the development of new technologies can be
incorporated into educational practice. In collecting and coding such
qualitative data, convergence can be demonstrated with repeated instances,
more than one observer, and multiple raters. Also essential to the process
is the examination of competing interpretations, contrasting cases, and
disconfirming evidence. Regularity in the patterns across groups and across
time—rather than replication per se—is a source of generalization. The
goal of such scientific methods, of course, remains the same: to identify
generalized patterns.

Uses of theory also tend to distinguish work in the social and physical
sciences. Theory in the physical sciences leads to predictions about things
that will happen in the future. Strong theories include causal mechanisms
that predict what will happen and give insights into why. Theory in the
social sciences is predictive, but more often it serves to understand things
that happened in the past, serving a more diagnostic or explanatory pur-
pose. Understanding the past often enables social science researchers to
explain why things happened. Though understanding the past can some-
times predict the future, it does so only in broad outline and with a lesser
degree of certainty. For instance, researchers have documented the regu-
larity of certain misconceptions and patterns of error as students learn
scientific or mathematical ideas. Although one cannot predict exactly when
they will occur, awareness of them permits teachers to interpret student
comments more effectively and to create assessment items to test for evi-
dence of them.

A related and final point is that the level of certainty with which research
conclusions can be made is typically higher in the physical sciences than in
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the social sciences. As we discuss in Chapter 3, many scientific claims have
some degree of uncertainty associated with them—that is, they are proba-
bilistic rather than deterministic. We include within our principles the
idea that careful estimation and reporting of uncertainty is crucial to sci-
ence. However, because theories that model social phenomena—human
behavior, ideas, cultures—are not as well developed as those for some
physical phenomena and because they are often out of the direct control
of the researcher, results are always probabilistic and tend to be more tentative
than in the physical sciences. In technical terms, this means that the “error
limits” associated with scientific inferences (not unlike confidence intervals
typically cited in public opinion polls) tend to be larger in social and be-
havioral research, often due to the “noise” caused by difficulties precisely
measuring key constructs and major contextual factors. The influential
role of context in many social and behavioral research inquiries is a
fundamental aspect of studying humans. However, it does make replica-
tion—the key to boosting certainty in results and refining theory—more
difficult and nuanced. In sum, the degree of precision associated with
current social science findings tends to be lower than that in the physical
and life sciences.

Although education research has its roots in the social and behavioral
sciences, it is also an applied field—akin in important ways to medicine
and agriculture. Some scholars have likened education research to the
engineering sciences, arguing that it is an enterprise fundamentally aimed
at bringing theoretical understanding to practical problem solving. Like
other applied fields, education research serves two related purposes: to add
to fundamental understanding of education-related phenomena and events,
and to inform practical decision making. Both are worthy, both require
researchers to have a keen understanding of educational practice and policy,
and both can ultimately lead to improvements in practice. Education
research with the sole aim of explaining, describing, or predicting closely
resembles “traditional” scientific inquiry of the kind we describe in the
previous chapter. Research whose direct aim is to aid educational practice,
decision making, and policy in the near term also must meet scientific
principles for rigor, but it has an action orientation. The dual purposes of
education research suggest that there must be a balance of considerations
of the factors of the validity of the knowledge claims, the credibility of the
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research team, and the utility and relevance of the work to situations of
educational practice.

Scientific education research, whether it is aimed primarily at uncov-
ering new knowledge or meeting the dual goals of generating knowledge
and informing practice, is influenced by the unique configuration of char-
acteristic features of the educational enterprise.

FEATURES OF EDUCATION

Education is a complex human endeavor ultimately aimed at enhanc-
ing students’ cognitive, civic, and social learning and development. Like
medicine, law, or farming, education is a craft—a practical profession
requiring specialized skill. Researchers studying teachers have documented
that teaching is a complex, interactive exchange as the teachers seek to
engage students in learning new matieral; to relate it to their prior knowl-
edge; to respond to the heterogeneous needs of children with varied back-
grounds, interests, and ideas; and to assess the depth and endurance of
student learning. Education can occur in school classrooms, private homes,
museums, community centers and through information accessible on the
Web. Even formal schooling varies in profound ways from community to
community, and from preschoolers to adults. Its institutions are many and
multilayered—elementary schools, middle schools, high schools, 2-year and
vocational colleges, 4-year colleges and universities, and adult learning
centers. As an institution, its clientele frequently move, for example, from
one school or college to another. The variability and complexity of edu-
cation is mirrored by the practice of education. In the exercise of their
craft, educators draw on, and are influenced by, practical wisdom, profes-
sional relationships, and values, as well as scientifically grounded theory
and fact. Indeed, it is this real world of research in education that led
columnist Miller to lament, “If only education reforms came in a pill”
(2001, p. A14).

The character of education not only affects the research enterprise, but
also necessitates careful consideration of how the understanding or use of
results can be impeded or facilitated by conditions at different levels of the
system. Organizational, structural, and leadership qualities all influence
how the complex education system works in practice. Results may have
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“shelf lives” that vary with cultural shifts and resource changes (Cronbach,
1975).

In the section that follows we discuss some of the salient features of
education and their effects on scientific research: values and politics; hu-
man volition; variability in education programs; the organization of schools;
and the diversity of the many individuals involved in education.

Values and Politics

Aristotle once opined that it is impossible to talk about education
apart from some conception of “the good life” (Cremin, 1990, p. 85).
Indeed, education is a field in which values appropriately play a central
role, because what people hope to attain in education—especially the
education of children—is intimately connected with people’s views about
individual human potential, their hopes and expectations of what society
can become, and their ideas about how social problems can be alleviated.
In this way, social ideals inevitably and properly influence the education
system and in turn, the research that is carried out. More subtly, but crucially,
these values also affect the choice of outcomes to study and measure, as
they are proxies for the myriad goals of education: basic knowledge and
skills, community service, job training, social development, and problem
solving. We comment further on the implications of these disagreements
about goals in discussing the role of a federal education research agency in
Chapter 6.

A more global implication of the role of values in education research
concerns the extent to which research in education is truly akin to an
engineering science. The question of why education research has not
produced the equivalent of a Salk vaccine is telling. After all, medical
research is something of an engineering science in that it brings theoretical
understanding in the life sciences to bear on solving the practical problems
of prolonging life and reducing disease. Education research is similar, with
the key difference that there is less consensus on the goal. Medical research
often has clearer goals—for example, finding a cure for cancer. Because
values are so deeply embedded in education in so many different ways,
education researchers do not have a singular practical goal that drives their
inquiry (Bruner, 1996).
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Local, state, and federal politicians, teacher unions, special interest
groups, higher education faculty, and other interested citizens who have a
stake in education are often moving in different directions and driven by
difterent sets of incentives. These stakeholders make decisions that influ-
ence education policy and practice, and thus have an impact on the research
that attempts to model and understand it. At any given time, schools and
school systems may be responding to a configuration of possibly conflict-
ing demands from these stakeholders, while trying to serve their primary
clients—children, parents, and community members. This dynamic creates
a turbulent environment for research. Furthermore, political motivations
can affect the uses of research; some stakeholders may have strong incentives
to resist the findings or interpretations of researchers or to over-interpret
the results if they indicate even modest degrees of evidentiary support.

Another potential consequence of the role of stakeholders is that edu-
cation research can be interrupted by a change in policy or political support
for a particular type of reform. In California, the mathematics and science
standards crafted in the late 1980s—which served as important examples
for the current national mathematics and science standards—were abruptly
changed because of political shifts. Just as the state was gearing up its
curriculum, teaching, and accountability system to implement the new
standards in a systematic way, the political environment changed, and so
did the standards and accountability system (Kirst and Mazzeo, 1996).
Research on the reform, too, ended abruptly. Such changes occur as a
result of the democratic system of educational governance in the United
States, and can have practical implications for research planning (e.g., limit-
ing opportunities to conduct long-term studies).

Human Volition

Education is centrally concerned with people: learners, teachers, par-
ents, citizens, and policy makers. The volition, or will, of these individuals
decreases the level of control that researchers can have over the process.
For example, in some cases, people cannot be randomly assigned to treat-
ment groups; they will not agree to let themselves or their children be
“controlled” for the purposes of experimental trials. This lack of control
can also cause problems of noncompliance with research protocols and
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instances of missing data because, for example, parents have the interests of
their individual child in mind and may have priorities and needs that con-
flict with those of the research process.

Human movement and change have, for example, affected efforts to
study the effects of education vouchers on student achievement. Many
voucher studies (Witte, 2000; Peterson, 1998; Rouse, 1997; Peterson, Howell,
and Greene, 1999; Myers, Peterson, Mayer, Chou, and Howell, 2000;
Peterson, Myers, and Howell, 1999)—some designed as randomized trials
and some not—face challenges because significant percentages of families
did not return the year after baseline data were collected, did not fill out
all the questionnaire items, or did not complete the standardized tests. A
study of a New York City choice program (Barnard, Frangakis, Hill, and
Rubin, 2002) featured a design that anticipated these noncompliance issues,
and incorporated the use of sophisticated statistical (Bayesian) modeling to
estimate the “treatment” effects of the program under these conditions.

A related point is that the U.S. population is a highly mobile one, with
people often moving from one geographical area to another, from one
home to another, and from one job to another. And their children follow
suit, moving among classrooms, schools, districts, and states. According to
data collected by the U.S. Census Bureau, 16 percent of the population
changed households between March 1999 and March 2000 (Schacter, 2001).
This mobility characterizes not only precollege students, but college students
as well: nearly one-third of students attend at least two institutions of
higher education before completing their undergraduate studies (National
Center for Education Statistics, 1996). Students are quite likely to expe-
rience different curricula, different teaching methods, and different stan-
dards for performance depending on the particular classroom, school or
university, district, and state. Thus, researchers engaged in longitudinal
research in schools are often faced with substantial shifts in the student
population—and thus their study sample—which complicates the tracking
of students’ learning trajectories over time.

Variability of Educational Programs

Researchers typically must accommodate a rapidly changing reform
environment that tends to promote frequent changes in the core education
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programs a learner encounters. The current education reform movement
can be traced back 18 years ago to the report of a Presidential commission,
A Nation at Risk (National Commission on Excellence in Education, 1983).
Since then, the nation has been in a constant process of reforming the
schools, and there is no sign that this “tinkering towards utopia” (Tyack and
Cuban, 1995) will end soon. Historically, education reform seems to be
the norm, not the novelty, in U.S. education, dating back at least to the
nineteenth century (Tyack and Cuban, 1995). As one reform idea replaces
another, instability in curriculum, standards, and accountability mechanisms
is the norm.

Even within reform movements, the state and local control of educa-
tion significantly shapes the ways that instructional programs and other
changes to schooling are implemented, making generalizations difficult.
For example, charter schools—public schools that operate under contract
with either a state agency or a local school board—take very different
forms according to their states’ authorizing statutes and the particular con-
tracts (charters) under which the schools operate (RPP International, 2000).
While all charter schools are characterized by some degree of flexibility
from state education statutes, their educational programming and student
populations vary considerably across and within states. The statute that
authorizes charter schools in the state of Minnesota, for example, specifi-
cally encourages serving children with special needs. By contrast, many
(though not all) charter schools in Colorado were founded by well-to-do
parents who wanted rigorous academic programs for their children. Con-
sequently, trying to answer a seemingly straightforward question like “Are
charter schools more eftective in improving student achievement than
traditional public schools?” is not particularly useful if one wishes to under-
stand the impact of instructional innovation because the educational envi-
ronments and programs that fall under the rubric of “charter schools” are
so varied that there is no common instructional intervention to evaluate.

Evaluations of changes in curriculum are also influenced by variability
in programs. The implementation of curricula is a cyclic process that is
governed by a complex mix of state review, teacher input, district leader-
ship, and public comment. Further, new initiatives often require a signifi-
cant commitment of funds for professional development, which may or
may not be available. High stakes accountability systems and national college
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entrance exams also may complicate the evaluation of the effectiveness of
curricular change. Like others we discuss in this chapter, these typical
circumstances require that researchers be careful to specify caveats and
conditions under which findings are produced.

Organization of Education

Formal schooling takes place in an interdependent, multilayered sys-
tem. In the preK-12 system, for example, students are assigned to classes,
classes are organized by grade level within a school, schools are organized
into school districts, school districts may be organized within counties, and
counties are subdivisions of states. In addition, within classrooms, students
are often placed into different instructional groups based on instructional
needs or related issues. And all are influenced by federal education policy.
The implication for research is that to understand what is happening at
one level, it is often necessary to understand other levels. Thus, a study of
how students come to understand key themes in U.S. history, for example,
may be influenced by a teacher’s approach to history instruction, the value
a principal places on history within the curriculum (which influences how
much time the teacher has to teach history and the child to learn it), the
curriculum adopted by the district (and related decisions to implement the
curriculum), and different familial and community factors (e.g., parent and
community support of approach to history instruction). In subject areas
such as science and mathematics, where accomplishment in later courses is
heavily dependent on the quality of early learning, preK-12 school struc-
tures can be designed to either facilitate successful remediation or to
systematically exclude increasing numbers of students form these courses
over time. These differences demand that researchers consider the nature
of the vertical organization of the system in their work.

Education researchers have long investigated the interrelationship of
these various levels of the system. Statistical methods, for example, can
help estimate educational effects on students’ history achievement while at
the same time accounting for the effects of the multiple layers of the K-12
system (Bryk and Raudenbush, 1988). A study that examined the mecha-
nism by which Catholic schools achieve equitable outcomes for students
used such a technique (see Box 5-3).
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Diversity

The U.S. population is becoming increasingly diverse in a number of
ways, and demographic projections indicate that the trend will continue
(Day, 1996). Mirroring the diversity of the broader population, education
takes place in specific neighborhoods with their particular geographical,
historical, social, ethnic, linguistic, economic, and cultural mixes. For
example, students representing dozens of native languages may attend a
single school; in some school districts students speak more than 125 lan-
guages (Crawford, 1992). This linguistic diversity that characterizes many
U.S. schools illustrates the influence of diversity on research. Students
from immigrant families are often defined by a characteristic they com-
monly share—a lack of English fluency. Scratching just below the surface,
however, reveals stark differences. Schools serve students who are new
immigrants—often unfamiliar with American life beyond what they might
have seen in movies—as well as many Hispanics, African Americans, Asian
Americans, and American Indians whose families have lived here for gen-
erations and who have varying degrees of English proficiency.

Along with linguistic diversity comes diversity in culture, religion, and
academic preparation. Some students visit their home country frequently,
while others have no contact with their or their parents’ birthplaces. Some
immigrant students have had excellent schooling in their home countries
before coming to the United States; others have had their schooling inter-
rupted by war; and still others have never attended school. Some are illiterate
in their own language, and some have languages that were only oral until
recently; others come from cultures with long literary traditions. The dif-
ferences between these students—their age and entry into U.S. schools, the
quality of their prior schooling, their native language and the number of
native languages represented in their class, their parents’ education and
English language skills, and their family history and current circumstances—
will affect their academic success much more than their common lack of
English (Garcia and Wiese, in press). Incorporating such linguistic and
sociocultural contexts into the research process is critical to understanding
the ways in which these differences influence learning in diverse classrooms.

In sum, the features that shape the application of our principles of’
science to education research—values and politics, human volition, vari-
ability in education programs, the organization of education institutions,
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and diversity—underscore the important role of context. A specific impli-
cation of the role of contextual factors in education research is that the
boundaries of generalization from scientific research need to be carefully
delineated. Our discussion of diversity above is illustrative: to what extent,
for example, is it possible to generalize results of research on suburban
middle-class children of Western European descent to inner-city, low-
income, limited-English students from Central America or Southeast Asia?
Naive uses and expectations of research that do not recognize such con-
textual differences can lead to simplistic, uninformed, and narrow interpre-
tations of research and indiscriminate applications. To build theory, formu-
late research questions, design and conduct studies, and draw conclusions,
scientific education research must attend to such contextual conditions.

This attention to context also suggests that advancing understanding
in complex and diverse education settings may require close coordination
between researchers and practitioners, interdisciplinary work, and the inter-
play between varying forms of education research. It also means a far
greater emphasis on taking stock of the inherent diversity of the education
experience and its results for different populations of students. In short, it
requires specific attention to the contexts of research more frequently and
more systematically than has been the case for much of the work in edu-
cation to date (National Research Council, 1999¢).

FEATURES OF EDUCATION RESEARCH

In addition to the features of education that influence research, there
are also aspects of education research as a field that help clarify the nature
of scientific inquiry in education. A perspective of education research as
an enterprise points to some of the infrastructure supports that sustain it,
a topic we take up in our consideration of the federal role in supporting
education research (Chapter 6). Three of these education research charac-
teristics are noteworthy in this regard: its multidisciplinary nature, ethical
considerations, and its reliance on relationships with education practitioners.

Multiple Disciplinary Perspectives

The variability and complexity of education are the grist for the
academic’s disciplinary mill. Multiple scientific disciplines study education
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and contribute knowledge about it. Economists study the incentive struc-
tures of schooling to understand the relationship between interventions
designed to change behavior and educational outcomes. Developmental
psychologists and subject-matter specialists study fundamental processes of
cognition, language, and socialization. Physicists, chemists, and biologists
study science curriculum, teaching, and assessment. Organizational
sociologists study systems that are organized to meet education goals.
Cultural anthropologists study the character and form of social interactions
that characterize students’ formal and informal educational experiences.
Political scientists study the implementation of large-scale institutional
change, like charter schools.

The presence of many disciplinary perspectives in education research
has at least three implications. First, since several disciplinary perspectives
focus on different parts of the system, there are many legitimate research
frameworks and methods (Howe and Eisenhart, 1990). But because many
disciplines are focusing on different parts of the system, contradictory
conclusions may be offered, adding fuel to the debates about both the
specific topic and the value of education research. The challenge for the
diverse field of education is to integrate theories and empirical findings
across domains and methods. Researchers from a range of disciplines
working together, therefore, can be particularly valuable. Ongoing work at
the Park City Mathematics Institute (see http://www.admin.ias.edu/ma/)
provides an example of the potential for interdisciplinary inquiry in edu-
cation to enhance understanding and promote effective instruction. A
diverse group of researchers (from mathematics education, statistics, and
psychology) and practitioners (teachers and teacher educators) have joined
to conduct research collaboratively on how students understand statistical
concepts (e.g., distributions) in order to provide advice to curriculum
developers (Jackson, 1996; Day and Kalman, 2001).

A second implication is that advances in education research depend in
no small part on advances in related disciplines and fields. Work in the
traditional scientific disciplines, as well as in such applied fields as public
health may be necessary as infrastructure support for scientific studies in
education.

Finally, this proliferation of frameworks, coupled with the sheer scope
of the myriad fields that contribute to understanding in education, make

SCIENTIFIC RESEARCH IN EDUCATION

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/10236

Scientific Research in Education

the development of professional training for education researchers par-
ticularly vexing. The breadth and depth of topical areas as well as multiple
epistemological and methodological frameworks are nearly impossible to
cover adequately in a single degree program. Conceptualizing how to
structure the continuum of professional development for education
researchers is similarly challenging, especially since there is little agreement
about what scholars in education need to know and be able to do.! These
unresolved questions have contributed to the uneven preparation of edu-
cation researchers.

Ethical Considerations

In modern education research, researchers often engage in fieldwork
in schools, and with parents, students, and teachers. The need for care and
oversight when studying vulnerable populations like children sometimes
entails justifiable compromises in the conduct of scientific study and the
progress of the scientific enterprise more generally. Ethical issues involving
the protection of human participants in research—especially children—
have real consequences for the types of designs, data collection, and con-
sequently, results that can be generated from education research.

The need to ensure ethical research conduct may weaken the strength
of the research designs that can be used. For example, ethical consider-
ations prohibit withholding education to any student (a common “control”
condition in the physical sciences). In studying the effectiveness of an
educational program, then, comparisons must almost always be made to
standard or existing practice. In this situation, the comparative effect of a
new intervention will rarely be large when compared with the standard
practice. Also, in some circumstances, researchers may not hide the pur-
poses of a study from the subjects (a common practice in double-blind
trials) for ethical reasons.

Ethical issues also have implications for data collection. Parents may
refuse to allow their children to participate in a study because of privacy

For example, a Spencer Foundation forum aimed at identifying promising mentoring
practices in young scholars in education research revealed a number of effective strat-
egies and approaches with no clear patterns (Schoenfeld, 1999).
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concerns. Such events can complicate data collection, compromise sampling
procedures, and thwart opportunities to generalize. Research ethics requires
investigators to design their studies to anticipate these occurrences and to
understand and describe their effects on the results of the study.

We briefly consider federal requirements governing research ethics in
Chapter 6, where we argue for a federal education research agency to take
a leading role in facilitating ethical access to student data.

Relationships

As in other applied fields—such as agriculture, health risk reduction,
crime, justice, and welfare—education research relies critically on rela-
tionships between researchers and those engaged in professional practice:
teachers, administrators, curriculum developers, university deans, school
board members, and a host of others. The education research enterprise
could not function without these relationships, and its health is correlated
strongly with the extent to which these practitioners are willing to partici-
pate in or otherwise support research.

Difterent kinds of research require different levels of participation along
a continuum ranging from weak (i.e., short, distant, one-time interaction)
to strong (long-term partnership or collaboration). For example, at the
weak end of the continuum are research and statistics gathering activities
like the National Center for Education Statistics’ (NCES) Common Core
of Data or the National Assessment of Educational Progress. At the strong
end of the continuum lie school reform studies like the one carried out by
Bryk and colleagues (Bryk, Sebring, Kerbrow, Rollow, and Easton, 1998)
in the Chicago school system. This research is carried out in a collaboration
in which district and school personnel have vested interests in the research.
Collaborations across disparate parts of universities—between educators
and scholars in other disciplines, for example—are another instance of
strong relationships that requires careful revision to typical institutional
organization. We call these strong relationships partnerships.

Partnerships between researchers and practitioners have become
attractive in recent years because the site of much education research has
shifted from the laboratory to schools and classrooms (Shulman, 1997). In
such field-based work, collaborations with practitioners can bring a form
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of intellectual capital to the research that cannot be obtained in isolation
of practice. Ideally, relationships generate a bidirectional flow to the work,
with the research informing practice while craft knowledge and practical
wisdom enrich the research. In some cases, important research cannot be
conducted without this collaboration. These partnerships are not always
easily formed, and often take long periods of time to establish. But they
are often essential to develop the trust that is necessary for researchers to
perform their jobs adequately and to engage education professionals in a
mutually enriching dialogue about the role of research in practice. A cur-
rent National Research Council effort is attempting to build the capacity
of infrastructure for such long-term partnerships to foster research that is
useful to practice (see National Research Council, 1999d), and others have
suggested that research serve as a basis for long-term communications be-
tween researchers and practitioners (Willinsky, 2001). We argue in Chapter
6 that a federal education research agency should help broker such part-
nerships as part of its investment in strengthening the education research
infrastructure.

Another way that some field-based researchers have recently attempted
to bring educational practice closer to the research process is by embed-
ding inquiry in “sites of practice” (National Research Council,2001a). For
example, to better understand the knowledge that teachers need to teach
third grade mathematics eftectively, researchers have grounded their work
in concrete examples from teaching practice (e.g., samples of student work
solving mathematical problems). Focusing research on these representa-
tions of the process of education in practice can generate important insights
about the interactive nature of teaching and learning in classrooms (Ball
and Lampert, 1999). Engaging in this kind of research, of course, depends
on the willingness of school-based practitioners to participate and the
establishment of relationships to facilitate it.

As we argue in Chapter 2, with some exceptions, U.S. society has not
developed an appetite for using education research as a tool for improving
teaching, learning, and schooling (Campbell, 1969). This posture exacer-
bates the difficulties establishing the relationships necessary to conduct
research. The problems with conducting randomized trials attest to this
fact: there is little expectation that educational programs or interventions
should be subjected to rigorous research (Cook 2001; Burtless, in press). In
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our own work and in our colleagues’, we have found repeatedly that beliet
and anecdote are often the coin of the realm, and those with commercial
interests are not expected by educators, policy makers or the public to use
research to support what they sell. We believe that the expectation that
research-based information will be available and should be part of the
decision-making process needs to be cultivated both in the public and in
the research community. With such expectations, it will become increas-
ingly easy to establish the relationships—weak or strong—that are critical
for conducting education research. Simply put, researchers need prac-
titioners and practitioners need researchers. Without these relationships, a
great deal of scientific research in education is likely to be piecemeal and
opportunistic, and educators are unlikely to draw on scientific knowledge
to improve their practices in any meaningful way.

This chapter provides a flavor for the particular character of scientific
inquiry in education. We elaborate how the guiding principles and fea-
tures of education are united within a variety of study designs in the next
chapter, where we discuss, and provide examples of, how education
researchers approach particular types of inquiries.
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Designs for the Conduct of
Scientific Research in Education

he salient features of education delineated in Chapter 4 and the

guiding principles of scientific research laid out in Chapter 3 set

boundaries for the design and conduct of scientific education
research. Thus, the design of a study (e.g., randomized experiment,
ethnography, multiwave survey) does not itself make it scientific. However,
if the design directly addresses a question that can be addressed empirically,
is linked to prior research and relevant theory, is competently implemented
in context, logically links the findings to interpretation ruling out counter-
interpretations, and is made accessible to scientific scrutiny, it could then
be considered scientific. That is: Is there a clear set of questions underlying
the design? Are the methods appropriate to answer the questions and rule
out competing answers? Does the study take previous research into account?
Is there a conceptual basis? Are data collected in light of local conditions
and analyzed systematically? Is the study clearly described and made avail-
able for criticism? The more closely aligned it is with these principles, the
higher the quality of the scientific study. And the particular features of
education require that the research process be explicitly designed to antici-
pate the implications of these features and to model and plan accordingly.

RESEARCH DESIGN

Our scientific principles include research design—the subject of this
chapter—as but one aspect of a larger process of rigorous inquiry. How-
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ever, research design (and corresponding scientific methods) is a crucial
aspect of science. It is also the subject of much debate in many fields,
including education. In this chapter, we describe some of the most fre-
quently used and trusted designs for scientifically addressing broad classes
of research questions in education.

In doing so, we develop three related themes. First, as we posit earlier,
a variety of legitimate scientific approaches exist in education research.
Therefore, the description of methods discussed in this chapter is illustra-
tive of a range of trusted approaches; it should not be taken as an authori-

L As we stress in earlier

tative list of tools to the exclusion of any others.
chapters, the history of science has shown that research designs evolve, as
do the questions they address, the theories they inform, and the overall
state of knowledge.

Second, we extend the argument we make in Chapter 3 that designs
and methods must be carefully selected and implemented to best address
the question at hand. Some methods are better than others for particular
purposes, and scientific inferences are constrained by the type of design
employed. Methods that may be appropriate for estimating the effect of an
educational intervention, for example, would rarely be appropriate for use
in estimating dropout rates. While researchers—in education or any other
field—may overstate the conclusions from an inquiry, the strength of sci-
entific inference must be judged in terms of the design used to address the
question under investigation. A comprehensive explication of a hierarchy
of appropriate designs and analytic approaches under various conditions
would require a depth of treatment found in research methods textbooks.
This is not our objective. Rather, our goal is to illustrate that among
available techniques, certain designs are better suited to address particular
kinds of questions under particular conditions than others.

Third, in order to generate a rich source of scientific knowledge in
education that is refined and revised over time, different types of inquiries
and methods are required. At any time, the types of questions and methods
depend in large part on an accurate assessment of the overall state of knowl-

INumerous textbooks and treatments map the domain of design (e.g., Kelly and
Lesh, 2000) for the various types of inquiries in education. We refer to several of the
seminal works on research methodology throughout the chapter.
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edge and professional judgment about how a particular line of inquiry
could advance understanding. In areas with little prior knowledge, for
example, research will generally need to involve careful description to
formulate initial ideas. In such situations, descriptive studies might be
undertaken to help bring education problems or trends into sharper relief
or to generate plausible theories about the underlying structure of behavior
or learning. If the effects of education programs that have been imple-
mented on a large scale are to be understood, however, investigations must
be designed to test a set of causal hypotheses. Thus, while we treat the
topic of design in this chapter as applying to individual studies, research
design has a broader quality as it relates to lines of inquiry that develop
over time.

While a full development of these notions goes considerably beyond
our charge, we ofter this brief overview to place the discussion of methods
that follows into perspective. Also, in the concluding section of this chap-
ter, we make a few targeted suggestions for the kinds of work we believe
are most needed in education research to make further progress toward
robust knowledge.

TYPES OF RESEARCH QUESTIONS

In discussing design, we have to be true to our admonition that the
research question drives the design, not vice versa. To simplify matters, the
committee recognized that a great number of education research questions
fall into three (interrelated) types: description—What is happening?
cause—Is there a systematic effect? and process or mechanism—Why or
how is it happening?

The first question—What is happening?—invites description of vari-
ous kinds, so as to properly characterize a population of students, under-
stand the scope and severity of a problem, develop a theory or conjecture,
or identify changes over time among different educational indicators—for
example, achievement, spending, or teacher qualifications. Description also
can include associations among variables, such as the characteristics of
schools (e.g., size, location, economic base) that are related to (say) the
provision of music and art instruction. The second question is focused on
establishing causal effects: Does x cause y? The search for cause, for example,
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can include seeking to understand the effect of teaching strategies on stu-
dent learning or state policy changes on district resource decisions. The
third question confronts the need to understand the mechanism or process
by which x causes y. Studies that seek to model how various parts of a
complex system—Iike U.S. education—fit together help explain the
conditions that facilitate or impede change in teaching, learning, and
schooling. Within each type of question, we separate the discussion into
subsections that show the use of different methods given more fine-grained
goals and conditions of an inquiry.

Although for ease of discussion we treat these types of questions sepa-
rately, in practice they are closely related. As our examples show, within
particular studies, several kinds of queries can be addressed. Furthermore,
various genres of scientific education research often address more than one
of these types of questions. Evaluation research—the rigorous and system-
atic evaluation of an education program or policy—exemplifies the use of
multiple questions and corresponding designs. As applied in education,
this type of scientific research is distinguished from other scientific research
by its purpose: to contribute to program improvement (Weiss, 1998a).
Evaluation often entails an assessment of whether the program caused
improvements in the outcome or outcomes of interest (Is there a system-
atic effect?). It also can involve detailed descriptions of the way the program
is implemented in practice and in what contexts (What is happening?) and
the ways that program services influence outcomes (How is it happening?).

Throughout the discussion, we provide several examples of scientific
education research, connecting them to scientific principles (Chapter 3)
and the features of education (Chapter 4). We have chosen these studies
because they align closely with several of the scientific principles. These
examples include studies that generate hypotheses or conjectures as well as
those that test them. Both tasks are essential to science, but as a general
rule they cannot be accomplished simultaneously.

Moreover, just as we argue that the design of a study does not itself
make it scientific, an investigation that seeks to address one of these ques-
tions is not necessarily scientific either. For example, many descriptive
studies—however useful they may be—bear little resemblance to careful
scientific study. They might record observations without any clear concep-
tual viewpoint, without reproducible protocols for recording data, and so
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forth. Again, studies may be considered scientific by assessing the rigor
with which they meet scientific principles and are designed to account for
the context of the study.

Finally, we have tended to speak of research in terms of a simple
dichotomy— scientific or not scientific—but the reality is more compli-
cated. Individual research projects may adhere to each of the principles in
varying degrees, and the extent to which they meet these goals goes a long
way toward defining the scientific quality of a study. For example, while
all scientific studies must pose clear questions that can be investigated
empirically and be grounded in existing knowledge, more rigorous studies
will begin with more precise statements of the underlying theory driving
the inquiry and will generally have a well-specified hypothesis before the
data collection and testing phase is begun. Studies that do not start with
clear conceptual frameworks and hypotheses may still be scientific, although
they are obviously at a more rudimentary level and will generally require
follow-on study to contribute significantly to scientific knowledge.

Similarly, lines of research encompassing collections of studies may be
more or less productive and useful in advancing knowledge. An area of
research that, for example, does not advance beyond the descriptive phase
toward more precise scientific investigation of causal effects and mecha-
nisms for a long period of time is clearly not contributing as much to
knowledge as one that builds on prior work and moves toward more com-
plete understanding of the causal structure. This is not to say that descrip-
tive work cannot generate important breakthroughs. However, the rate of
progress should—as we discuss at the end of this chapter—enter into con-
sideration of the support for advanced lines of inquiry. The three classes of
questions we discuss in the remainder of this chapter are ordered in a way
that reflects the sequence that research studies tend to follow as well as
their interconnected nature.

WHAT IS HAPPENING?

Answers to “What is happening?” questions can be found by following
Yogi Berra’s counsel in a systematic way: if you want to know what’s going
on, you have to go out and look at what is going on. Such inquiries are
descriptive. They are intended to provide a range of information from
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documenting trends and issues in a range of geopolitical jurisdictions,
populations, and institutions to rich descriptions of the complexities of
educational practice in a particular locality, to relationships among such
elements as socioeconomic status, teacher qualifications, and achievement.

Estimates of Population Characteristics

Descriptive scientific research in education can make generalizable
statements about the national scope of a problem, student achievement
levels across the states, or the demographics of children, teachers, or schools.
Methods that enable the collection of data from a randomly selected sample
of the population provide the best way of addressing such questions.
Questionnaires and telephone interviews are common survey instruments
developed to gather information from a representative sample of some
population of interest. Policy makers at the national, state, and sometimes
district levels depend on this method to paint a picture of the educational
landscape. Aggregate estimates of the academic achievement level of chil-
dren at the national level (e.g., National Center for Education Statistics
[NCES], National Assessment of Educational Progress [NAEP]), the supply,
demand, and turnover of teachers (e.g., NCES Schools and Staffing Survey),
the nation’s dropout rates (e.g., NCES Common Core of Data), how U.S.
children fare on tests of mathematics and science achievement relative to
children in other nations (e.g., Third International Mathematics and Science
Study) and the distribution of doctorate degrees across the nation (e.g.,
National Science Foundation’s Science and Engineering Indicators) are all
based on surveys from populations of school children, teachers, and schools.

To yield credible results, such data collection usually depends on a
random sample (alternatively called a probability sample) of the target
population. If every observation (e.g., person, school) has a known chance
of being selected into the study, researchers can make estimates of the
larger population of interest based on statistical technology and theory.
The validity of inferences about population characteristics based on sample
data depends heavily on response rates, that is, the percentage of those
randomly selected for whom data are collected. The measures used must
have known reliability—that is, the extent to which they reproduce results.
Finally, the value of a data collection instrument hinges not only on the
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sampling method, participation rate, and reliability, but also on their validity:
that the questionnaire or survey items measure what they are supposed to
measure.

The NAEP survey tracks national trends in student achievement across
several subject domains and collects a range of data on school, student, and
teacher characteristics (see Box 5-1). This rich source of information enables
several kinds of descriptive work. For example, researchers can estimate
the average score of eighth graders on the mathematics assessment (i.e.,
measures of central tendency) and compare that performance to prior years.
Part of the study we feature (see below) about college women’s career
choices featured a similar estimation of population characteristics. In that
study, the researchers developed a survey to collect data from a represen-
tative sample of women at the two universities to aid them in assessing the
generalizability of their findings from the in-depth studies of the 23 women.

Simple Relationships

The NAEP survey also illustrates how researchers can describe patterns
of relationships between variables. For example, NCES reports that in
2000, eighth graders whose teachers majored in mathematics or math-
ematics education scored higher, on average, than did students whose
teachers did not major in these fields (U.S. Department of Education, 2000).
This finding is the result of descriptive work that explores the correlation
between variables: in this case, the relationship between student math-
ematics performance and their teachers’ undergraduate major.

Such associations cannot be used to infer cause. However, there is a
common tendency to make unsubstantiated jumps from establishing a
relationship to concluding cause. As committee member Paul Holland
quipped during the committee’s deliberations, “Casual comparisons inevi-
tably invite careless causal conclusions.” To illustrate the problem with
drawing causal inferences from simple correlations, we use an example
from work that compares Catholic schools to public schools. We feature
this study later in the chapter as one that competently examines causal
mechanisms. Before addressing questions of mechanism, foundational work
involved simple correlational results that compared the performance of
Catholic high school students on standardized mathematics tests with their
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BOX 5-1
National Assessment of Educational Progress

Simply collecting data is not in and of itself scientific. It is
the rigorous organization and analysis of data to answer
clearly specified questions that form the basis of scientific
description, not the data themselves. Quantitative data
appear in many ways in education research; their most com-
mon form of organization is as a “units-by-variables” array.
The National Assessment of Educational Progress (NAEP) is an
instructive example. This large survey (implemented and main-
tained by the National Center for Education Statistics) of 4th,
8th, and 12th graders in the United States collects information
on a variety of academic subject areas, including mathematics
and literacy, from samples drawn from these grades on a
regular schedule.

There are several types of units*, for example, students and
teachers. Information is systematically collected from both
students and teachers in areas that are appropriate to each
type of unit. For students, NAEP collects data on academic
performance as well as background information. Teachers are
surveyed about their training and experience and their methods
of instruction. The units-by-variables organization of data is
important because each row corresponds to all the data for
each unit and the columns correspond to the information
represented by a single variable across all the units in the study.
Modern psychometric methods are available to summarize this
complex set of information into reports on student achieve-
ment and its relation to other factors. This combination of
rigorous data collection, analysis, and reporting is what dis-
tinguishes scientific description from casual observation.

*"Unit” is strictly a technical term that refers to the class or type of
phenomena being studied, such as student, teacher, or state.
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counterparts in public schools. These simple correlations revealed that
average mathematics achievement was considerably higher for Catholic
school students than for public school students (Bryk, Lee, and Holland,
1993). However, the researchers were careful not to conclude from this
analysis that attending a Catholic school causes better student outcomes,
because there are a host of potential explanations (other than attending a
Catholic school) for this relationship between school type and achieve-
ment. For example, since Catholic schools can screen children for aptitude,
they may have a more able student population than public schools at the
outset. (This is an example of the classic selectivity bias that commonly
threatens the validity of causal claims in nonrandomized studies; we return
to this issue in the next section.) In short, there are other hypotheses that
could explain the observed difterences in achievement between students in
different sectors that must be considered systematically in assessing the
potential causal relationship between Catholic schooling and student
outcomes.

Descriptions of Localized Educational Settings

In some cases, scientists are interested in the fine details (rather than
the distribution or central tendency) of what is happening in a particular
organization, group of people, or setting. This type of work is especially
important when good information about the group or setting is non-
existent or scant. In this type of research, then, it is important to obtain
first-hand, in-depth information from the particular focal group or site.
For such purposes, selecting a random sample from the population of interest
may not be the proper method of choice; rather, samples may be purpo-
sively selected to illuminate phenomena in depth.? For example, to better
understand a high-achieving school in an urban setting with children of
predominantly low socioeconomic status, a researcher might conduct a
detailed case study or an ethnographic study (a case study with a focus on
culture) of such a school (Yin and White, 1986; Miles and Huberman,

2This is not to say that probability sampling is always irrelevant with respect to case
studies. A collection of case studies selected randomly from a population may be
developed.
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1994). This type of scientific description can provide rich depictions of the
policies, procedures, and contexts in which the school operates and generate
plausible hypotheses about what might account for its success. Researchers
often spend long periods of time in the setting or group in order to under-
stand what decisions are made, what beliefs and attitudes are formed, what
relationships are developed, and what forms of success are celebrated. These
descriptions, when used in conjunction with causal methods, are often
critical to understand such educational outcomes as student achievement
because they illuminate key contextual factors.

Box 5-2 provides an example of a study that described in detail (and
also modeled several possible mechanisms; see later discussion) a small group
of women, half who began their college careers in science and half in what
were considered more traditional majors for women. This descriptive part
of the inquiry involved an ethnographic study of the lives of 23 first-year
women enrolled in two large universities.

Scientific description of this type can generate systematic observations
about the focal group or site, and patterns in results may be generalizable
to other similar groups or sites or for the future. As with any other method,
a scientifically rigorous case study has to be designed to address the research
question it addresses. That is, the investigator has to choose sites, occasions,
respondents, and times with a clear research purpose in mind and be sen-
sitive to his or her own expectations and biases (Maxwell, 1996; Silverman,
1993). Data should typically be collected from varied sources, by varied
methods, and corroborated by other investigators. Furthermore, the account
of the case needs to draw on original evidence and provide enough detail
so that the reader can make judgments about the validity of the conclu-
sions (Yin, 2000).

Results may also be used as the basis for new theoretical developments,
new experiments, or improved measures on surveys that indicate the extent
of generalizability. In the work done by Holland and Eisenhart (1990), for
example (see Box 5-2), a number of theoretical models were developed
and tested to explain how women decide to pursue or abandon non-
traditional careers in the fields they had studied in college. Their finding
that commitment to college life—not fear of competing with men or other
hypotheses that had previously been set forth—best explained these deci-
sions was new knowledge. It has been shown in subsequent studies to
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BOX 5-2
College Women'’s Career Choices

In the late 1970s cultural anthropologists Dorothy Holland
and Margaret Eisenhart set out to learn more about why so
few women who began their college careers in nontraditional
majors (e.g., science, mathematics, computer science) ended
up working in those fields. At the time, several different
explanations were being proposed: Women were not well
prepared before coming to college; women were discriminated
against in college; women did not want to compete with men
for jobs. Holland and Eisenhart (1990) first designed ethno-
graphic case studies of a small group of freshman women at
two public, residential universities—one historically black, one
historically white. From volunteers on each campus, matched
groups were selected—based on a survey of their high school
grades, college majors, college activities, and college peers.
All of the 23 women who participated had at least a B+ aver-
age in high school. Half from each campus were planning
traditional majors for women; half were planning nontradi-
tional majors.

Based on analysis of the ethnographic data obtained from
a year of participant observation and open-ended interviews
with the women, models were developed to describe how the
23 women participated in college life. The models depicted
three different kinds of commitment to school work in col-
lege. Each model included: (1) the women's views about the
value of schoolwork; (2) their reasons for doing schoolwork;
(3) and the perceived costs (both financial and social) of doing
schoolwork. Extrapolating from the models, the researchers
predicted what each woman would do after college—continue
in school, get a job in her field, get a job outside of her field,
get married, etc. Atthe end of 4 years and again after 3 more
years, the researchers followed up with telephone interviews
with each woman. In all 23 cases, their predictions made based
on the models of commitment to schoolwork were confirmed.
Also, in all cases, the models of commitment were better pre-
dictors of the future than precollege preparation (grades,
courses taken), discrimination against women, or feelings
about competing with men.
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generalize somewhat to similar schools, though additional models seem to
exist at some schools (Seymour and Hewitt, 1997).

Although such purposively selected samples may not be scientifically
generalizable to other locations or people, these vivid descriptions often
appeal to practitioners. Scientifically rigorous case studies have strengths
and weaknesses for such use. They can, for example, help local decision
makers by providing them with ideas and strategies that have promise in
their educational setting. They cannot (unless combined with other
methods) provide estimates of the likelihood that an educational approach
might work under other conditions or that they have identified the right
underlying causes. As we argue throughout this volume, research designs
can often be strengthened considerably by using multiple methods—
integrating the use of both quantitative estimates of population character-
istics and qualitative studies of localized context.

Other descriptive designs may involve interviews with respondents or
document reviews in a fairly large number of cases, such as 30 school
districts or 60 colleges. Cases are often selected to represent a variety of
conditions (e.g., urban/rural; east/west; affluent/poor). Such descriptive
studies can be longitudinal, returning to the same cases over several years
to see how conditions change.

These examples of descriptive work meet the principles of science,
and have clearly contributed important insights to the base of scientific
knowledge. If research is to be used to answer questions about “what
works,” however, it must advance to other levels of scientific investigation
such as those considered next.

IS THERE A SYSTEMATIC EFFECT?

Research designs that attempt to identify systematic effects have at
their root an intent to establish a cause-and-effect relationship. Causal
work is built on both theory and descriptive studies. In other words, the
search for causal effects cannot be conducted in a vacuum: ideally, a strong
theoretical base as well as extensive descriptive information are in place to
provide the intellectual foundation for understanding causal relationships.

The simple question of “does x cause y?” typically involves several
different kinds of studies undertaken sequentially (Holland, 1993). In basic
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terms, several conditions must be met to establish cause. Usually, a rela-
tionship or correlation between the variables is first identified.> Researchers
also confirm that x preceded y in time (temporal sequence) and, crucially,
that all presently conceivable rival explanations for the observed relation-
ship have been “ruled out.” As alternative explanations are eliminated,
confidence increases that it was indeed x that caused y. “Ruling out”
competing explanations is a central metaphor in medical research, diagnosis,
and other fields, including education, and it is the key element of causal
queries (Campbell and Stanley 1963; Cook and Campbell 1979, 1986).
The use of multiple qualitative methods, especially in conjunction with
a comparative study of the kind we describe in this section, can be particu-
larly helpful in ruling out alternative explanations for the results observed
(Yin, 2000; Weiss, in press). Such investigative tools can enable stronger
causal inferences by enhancing the analysis of whether competing explana-
tions can account for patterns in the data (e.g., unreliable measures or
contamination of the comparison group). Similarly, qualitative methods
can examine possible explanations for observed eftects that arise outside of
the purview of the study. For example, while an intervention was in progress,
another program or policy may have offered participants opportunities
similar to, and reinforcing of, those that the intervention provided. Thus,
the “effects” that the study observed may have been due to the other

5

program (“history” as the counterinterpretation; see Chapter 3). When all
plausible rival explanations are identified and various forms of data can be
used as evidence to rule them out, the causal claim that the intervention
caused the observed effects is strengthened. In education, research that
explores students’ and teachers’ in-depth experiences, observes their actions,
and documents the constraints that affect their day-to-day activities provides
a key source of generating plausible causal hypotheses.

We have organized the remainder of this section into two parts. The
first treats randomized field trials, an ideal method when entities being
examined can be randomly assigned to groups. Experiments are especially
well-suited to situations in which the causal hypothesis is relatively simple.
The second describes situations in which randomized field trials are not

3In some cases, a simple correlation between two variables may not exist when a
cause-effect relationship does because of the counterbalancing eftect of related factors.
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teasible or desirable, and showcases a study that employed causal modeling
techniques to address a complex causal question. We have distinguished
randomized studies from others primarily to signal the difterence in the
strength with which causal claims can typically be made from them. The
key difference between randomized field trials and other methods with
respect to making causal claims is the extent to which the assumptions that
underlie them are testable. By this simple criterion, nonrandomized stud-
ies are weaker in their ability to establish causation than randomized field
trials, in large part because the role of other factors in influencing the
outcome of interest is more difficult to gauge in nonrandomized studies.
Other conditions that affect the choice of method are discussed in the
course of the section.

Causal Relationships When Randomization Is Feasible

A fundamental scientific concept in making causal claims—that is,
inferring that x caused y—is comparison. Comparing outcomes (e.g.,
student achievement) between two groups that are similar except for the
causal variable (e.g., the educational intervention) helps to isolate the effect
of that causal agent on the outcome of interest.* As we discuss in Chap-
ter 4, it is sometimes difficult to retain the sharpness of a comparison in
education due to proximity (e.g., a design that features students in one
classroom assigned to different interventions is subject to “spillover” effects)
or human volition (e.g., teacher, parent, or student decisions to switch to
another condition threaten the integrity of the randomly formed groups).
Yet, from a scientific perspective, randomized trials (we also use the term
“experiment” to refer to causal studies that feature random assignment) are
the ideal for establishing whether one or more factors caused change in an
outcome because of their strong ability to enable fair comparisons
(Campbell and Stanley, 1963; Boruch, 1997; Cook and Payne, in press).
Random allocation of students, classrooms, schools—whatever the unit of
comparison may be—to different treatment groups assures that these com-
parison groups are, roughly speaking, equivalent at the time an intervention
is introduced (that is, they do not differ systematically on account of hidden

Specifically, using comparison groups helps illuminate the “counterfactual,” or what
would have happened under different circumstances.
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influences) and chance differences between the groups can be taken into
account statistically. As a result, the independent effect of the intervention
on the outcome of interest can be isolated. In addition, these studies enable
legitimate statistical statements of confidence in the results.

The Tennessee STAR experiment (see Chapter 3) on class-size reduc-
tion is a good example of the use of randomization to assess cause in an
education study; in particular, this tool was used to gauge the effectiveness
of an intervention. Some policy makers and scientists were unwilling to
accept earlier, largely nonexperimental studies on class-size reduction as a
basis for major policy decisions in the state. Those studies could not guar-
antee a fair comparison of children in small versus large classes because the
comparisons relied on statistical adjustment rather than on actual construc-
tion of statistically equivalent groups. In Tennessee, statistical equivalence
was achieved by randomly assigning eligible children and teachers to class-
rooms of different size. If the trial was properly carried out,> this random-
ization would lead to an unbiased estimate of the relative effect of class-size
reduction and a statistical statement of confidence in the results.

Randomized trials are used frequently in the medical sciences and
certain areas of the behavioral and social sciences, including prevention
studies of mental health disorders (e.g., Beardslee, Wright, Salt, and Drezner,
1997), behavioral approaches to smoking cessation (e.g., Pieterse, Seydel,
DeVries, Mudde, and Kok, 2001), and drug abuse prevention (e.g., Cook,
Lawrence, Morse, and Roehl, 1984). It would not be ethical to assign
individuals randomly to smoke and drink, and thus much of the evidence
regarding the harmful effects of nicotine and alcohol comes from descrip-
tive and correlational studies. However, randomized trials that show
reductions in health detriments and improved social and behavioral func-
tioning strengthen the causal links that have been established between drug
use and adverse health and behavioral outcomes (Moses, 1995; Mosteller,
Gilbert, and McPeek, 1980). In medical research, the relative effectiveness
of the Salk vaccine (see Lambert and Markel, 2000) and streptomycin
(Medical Research Council, 1948) was demonstrated through such trials.
We have also learned about which drugs and surgical treatments are useless
by depending on randomized controlled experiments (e.g., Schulte et al.,

5We make this caveat to acknowledge debate in the field about whether the random-
ized field trial in the Tennessee study was implemented properly.
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2001; Gorman et al., 2001; Paradise et al., 1999). Randomized controlled
trials are also used in industrial, market, and agricultural research.

Such trials are not frequently conducted in education research (Boruch,
De Moya, and Snyder, in press). Nonetheless, it is not difficult to identify
good examples in a variety of education areas that demonstrate their
feasibility (see Boruch, 1997; Orr, 1999; and Cook and Payne, in press).
For example, among the education programs whose eftectiveness have been
evaluated in randomized trials are the Sesame Street television series (Bogatz
and Ball, 1972), peer-assisted learning and tutoring for young children
with reading problems (Fuchs, Fuchs, and Kazdan, 1999), and Upward
Bound (Myers and Schirm, 1999). And many of these trials have been
successfully implemented on a large scale, randomizing entire classrooms
or schools to intervention conditions. For numerous examples of trials in
which schools, work places, and other entities are the units of random
allocation and analysis, see Murray (1998), Donner and Klar (2000), Boruch
and Foley (2000), and the Campbell Collaboration register of trials at
http://campbell.gse.upenn.edu.

Causal Relationships When Randomization Is Not Feasible

In this section we discuss the conditions under which randomization
is not feasible nor desirable, highlight alternative methods for addressing
causal questions, and provide an illustrative example. Many nonexperimental
methods and analytic approaches are commonly classified under the blanket
rubric “quasi-experiment” because they attempt to approximate the under-
lying logic of the experiment without random assignment (Campbell and
Stanley, 1963; Caporaso and Roos, 1973). These designs were developed
because social science researchers recognized that in some social contexts
(e.g., schools), researchers do not have the control afforded in laboratory
settings and thus cannot always randomly assign units (e.g., classrooms).

Quasi-experiments (alternatively called observational studies),® for
example, sometimes compare groups of interest that exist naturally (e.g.,

%The terms “quasi-experiment” and “observational study” are not equivalent, but for
our purposes are essentially interchangeable. For finer distinctions, see Cochran (1983)
and Rosenbaum (1995) on observational studies and Cook and Campbell (1986) on
quasi-experiments.
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existing classes varying in size) rather than assigning them randomly to
different conditions (e.g., assigning students to small, medium, or large class
size). These studies must attempt to ensure fair comparisons through means
other than randomization, such as by using statistical techniques to adjust
for background variables that may account for differences in the outcome
of interest. For example, researchers might come across schools that vary
in the size of their classes and compare the achievement of students in large
and small classes, adjusting for other differences among schools and chil-
dren. If the class size conjecture holds after this adjustment is made, the
researchers would expect students in smaller classes to have higher achieve-
ment scores than students in larger size classes. If indeed this difference is
observed, the causal effect is more plausible.

The plausibility of the researchers’ causal interpretation, however,
depends on some strong assumptions. They must assume that their attempts
to equate schools and children were, indeed, successful. Yet, there is always
the possibility that some unmeasured, prior existing difference among
schools and children caused the effect, not the reduced class size. Or, there
is the possibility that teachers with reduced classes were actively involved
in school reform and that their increased effort and motivation (which
might wane over time) caused the effect, not the smaller classes themselves.
In short, these designs are less effective at eliminating competing plausible
hypotheses with the same authority as a true experiment.

The major weakness of nonrandomized designs is selectivity bias—the
counter-interpretation that the treatment did not cause the difference in
outcomes but, rather, unmeasured prior existing differences (differential
selectivity) between the groups did.” For example, a comparison of early
literacy skills among low-income children who participated in a local pre-
school program and those who did not may be confounded by selectivity
bias. That is, the parents of the children who were enrolled in preschool
may be more motivated than other parents to provide reading experiences
to their children at home, thus making it difficult to disentangle the several
potential causes (e.g., preschool program or home reading experiences) for
early reading success.

Classic treatments of selection bias and other common “threats to internal validity™
can be found in texts from many different disciplines: see for example, Campbell (1957);
Heckman (2001); and Denzin (1978).
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It is critical in such studies, then, to be aware of potential sources of
bias and to measure them so their influence can be accounted for in rela-
tion to the outcome of interest.® It is when these biases are not known
that quasi-experiments may yield misleading results. Thus, the scientific
principle of making assumptions explicit and carefully attending to ruling
out competing hypotheses about what caused a difference takes on height-
ened importance.

In some settings, well-controlled quasi-experiments may have greater
“external validity”—generalizability to other people, times, and settings—
than experiments with completely random assignment (Cronbach et al.,
1980; Weiss, 1998a). It may be useful to take advantage of the experience
and investment of a school with a particular program and try to design a
quasi-experiment that compares the school that has a good implementa-
tion of the program to a similar school without the program (or with a
different program). In such cases, there is less risk of poor implementation,
more investment of the implementers in the program, and potentially greater
impact. The findings may be more generalizable than in a randomized
experiment because the latter may be externally mandated (i.e., by the
researcher) and thus may not be feasible to implement in the “real-life”
practice of education settings. The results may also have stronger external
validity because if a school or district uses a single program, the possible
contamination of different programs because teachers or administrators
talk and interact will be reduced. Random assignment within a school at
the level of the classroom or child often carries the risk of dilution or
blending the programs. If assignment is truly random, such threats to internal
validity will not bias the comparison of programs—just the estimation of
the strength of the effects.

In the section above (What Is Happening?), we note that some kinds
of correlational work make important contributions to understanding broad
patterns of relationships among educational phenomena; here, we high-
light a correlational design that allows causal inferences about the relation-
ship between two or more variables. When correlational methods use
what are called “model-fitting” techniques based on a theoretically gener-

8R ecent methodological advances—instrumental variables in particular—attempt to
address the problem of selection in nonrandomized causal studies. The study described
in Box 5-3 utilized this technique.
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ated system of variables, they permit stronger, albeit still tentative, causal
inferences.

In Chapter 3, we offer an example that illustrates the use of model-
fitting techniques from the geophysical sciences that tested alternative
hypotheses about the causes of glaciation. In Box 5-3, we provide an
example of causal modeling that shows the value of such techniques in
education. This work examined the potential causal connection between
teacher compensation and student dropout rates. Exploring this relation-
ship is quite relevant to education policy, but it cannot be studied through
a randomized field trail: teacher salaries, of course, cannot be randomly
assigned nor can students be randomly assigned to those teachers. Because
important questions like these often cannot be examined experimentally,
statisticians have developed sophisticated model-fitting techniques to
statistically rule out potential alternative explanations and deal with the
problem of selection bias.

The key difference between simple correlational work and model-
fitting is that the latter enhances causal attribution. In the study examining
teacher compensation and dropout rates, for example, researchers intro-
duced a conceptual model for the relationship between student outcomes
and teacher salary, set forth an explicit hypothesis to test about the nature
of that relationship, and assessed competing models of interpretation. By
empirically rejecting competing theoretical models, confidence is increased
in the explanatory power of the remaining model(s) (although other alter-
native models may also exist that provide a comparable fit to the data).

The study highlighted in Box 5-3 tested different models in this way.
Loeb and Page (2000) took a fresh look at a question that had a good bit
of history, addressing what appeared to be converging evidence that there
was no causal relationship between teacher salaries and student outcomes.
They reasoned that one possible explanation for these results was that the
usual “production-function” model for the effects of salary on student
outcomes was inadequately specified. Specifically, they hypothesized that
nonpecuniary job characteristics and alternative wage opportunities that
previous models had not accounted for may be relevant in understanding
the relationship between teacher compensation and student outcomes. After
incorporating these opportunity costs in their model and finding a sophis-
ticated way to control the fact that wealthier parents are likely to send their
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BOX 5-3
Teacher Salaries and Student Outcomes

In several comprehensive reviews of research on the effects
of educational expenditures on student outcomes, Hanushek
(1986, 1997) found that student outcomes were not consis-
tently related either to per-pupil outlays or to teacher sala-
ries. Grogger (1996), Betts (1995), and Altonji (1988), using
national longitudinal data sets, produced similar results.

However, Loeb and Page (2000) noted a discrepancy
between these findings and studies that found school and non-
salary teacher effects (e.g., Altonji, 1988; Ehrenberg and
Brewer, 1994; Ferguson, 1991). Indeed, Hanushek, Kain, and
Rivkin (1998) found a reliable relationship between teacher
quality and students’ achievement. For Loeb and Page, these
findings add a new dimension to the puzzle. “If teacher
quality affects student achievement, then why do studies that
predict student outcomes from teacher wages produce weak
results?” (2000, p. 393).

Loeb and Page pointed out that the previous education
expenditure studies failed to account for nonmonetary job
characteristics and opportunities that might be open to would-
be teachers in the local job market (“opportunity costs”). Both
might affect a qualified teacher’s decision to teach. Conse-
quently, they tested two competing models, the commonly
used “production function” model, which predicted outcomes
from expenditures and had formed the theoretical basis of
most prior work on the topic, and a modified production-
function model that incorporated opportunity costs. They
replicated prior findings using traditional production-function
procedures from previous studies. However, once they statis-
tically adjusted for opportunity costs, they found that raising
teacher wages by 10 percent reduced high school dropout
rates by 3-4 percent. They suggested that previous research
on the effects of teacher wages on student outcomes failed
to show effects because they lacked adequate controls for
nonwage aspects of teaching and market differences in alter-
native occupational opportunities.
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children to schools that pay teachers more, Loeb and Page found that rais-
ing teacher wages by 10 percent reduced high school dropout rates by 3 to
4 percent.

WHY OR HOW IS IT HAPPENING?

In many situations, finding that a causal agent (x) leads to the outcome
(y) is not sufficient. Important questions remain about how x causes y.
Questions about how things work demand attention to the processes and
mechanisms by which the causes produce their effects. However, scientific
research can also legitimately proceed in the opposite direction: that is, the
search for mechanism can come before an eftect has been established. For
example, if the process by which an intervention influences student out-
comes is established, researchers can often predict its effectiveness with
known probability. In either case, the processes and mechanisms should be
linked to theories so as to form an explanation for the phenomena of
interest.

The search for causal mechanisms, especially once a causal effect has
garnered strong empirical support, can use all of the designs we have dis-
cussed. In Chapter 2, we trace a sequence of investigations in molecular
biology that investigated how genes are turned on and off. Very difterent
techniques, but ones that share the same basic intellectual approach to
casual analysis reflected in these genetic studies, have yielded understand-
ings in education. Consider, for example, the Tennessee class-size experi-
ment (see discussion in Chapter 3). In addition to examining whether
reduced class size produced achievement benetits, especially for minority
students, a research team and others in the field asked (see, e.g., Grissmer,
1999) what might explain the Tennessee and other class-size effects. That
is, what was the causal mechanism through which reduced class size aftected
achievement? To this end, researchers (Bohrnstedt and Stecher, 1999) used
classroom observations and interviews to compare teaching in different
class sizes. They conducted ethnographic studies in search of mechanism.
They correlated measures of teaching behavior with student achievement
scores. These questions are important because they enhance understanding
of the foundational processes at work when class size is reduced and thus
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improve the capacity to implement these reforms effectively in difterent

times, places, and contexts.

Exploring Mechanism When Theory Is Fairly Well Established

A well-known study of Catholic schools provides another example of
a rigorous attempt to understand mechanism (see Box 5-4). Previous and
highly controversial work on Catholic schools (e.g., Coleman, Hoffer, and

BOX 5-4
Effective Schooling: A Comparison of Catholic
Schools and Public Schools

In the early 1980s two influential books (Coleman, Hoffer,
and Kilgore, 1982; Greeley, 1982) set off years of controversy
and debate in academic and policy circles about the relative
effectiveness of Catholic schools and public schools. In a
synthesis of several lines of inquiry over a 10-year period, Bryk
and colleagues (Byrk, Lee, and Holland, 1993) focused atten-
tion on how Catholic schools functioned to better understand
this prior work and to offer insights about improving schools
more generally. This longitudinal study is an excellent example
of the use of multiple methods, both quantitative and quali-
tative, to generate converging evidence about such a complex
topic. It featured in-depth case studies of seven particularly
successful Catholic schools, descriptive profiles of Catholic
schools nationally, and sophisticated statistical modeling tech-
niques to assess causal mechanism.

One line of inquiry within this multilayered study featured
a quasi-experiment that compared the mathematics achieve-
ment of Catholic high school students and public high school
students. Using simple correlational techniques, the researchers
showed that the social distribution of academic achievement
was more equalized in Catholic than non-Catholic schools: for
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Kilgore, 1982) had examined the relative benefits to students of Catholic
and public schools. Drawing on these studies, as well as a fairly substantial
literature related to effective schools, Bryk and his colleagues (Byrk, Lee,
and Holland, 1993) focused on the mechanism by which Catholic schools
seemed to achieve success relative to public schools. A series of models
were developed (sector effects only, compositional effects, and school eftects)
and tested to explain the mechanism by which Catholic schools success-
fully achieve an equitable social distribution of academic achievement. The

example, the achievement gap between minority and non-
minority students was smaller in Catholic schools than in public
schools. To better understand the possible causes behind these
"sector” differences, Bryk and his colleagues used data from
a rich, longitudinal data set to test whether certain features
of school organization explained these differences and pre-
dicted success. Because students in this data set were not
randomly assigned to attend Catholic or public schools, the
researchers attempted to ensure fair comparisons by statisti-
cally holding constant other variables (such as student back-
ground) that could also explain the finding about the social
distribution of achievement. Three potential explanatory
models were developed and tested with respect to explaining
the relative effectiveness of Catholic schools: sector effects
only (the private and spiritual nature of Catholic schools);
compositional effects (the composition of the student body in
Catholic schools); and school effects (various features of school
operations that contribute to school life). In combination,
analyzing data with respect to these three potential theoreti-
cal mechanisms suggested that it is the coherence of school
life in Catholic schools that most clearly accounts for its rela-
tive success in this area. Nonetheless, controversy still exists
about the circumstances when Catholic schools are superior,
about how to control for family differences in the choice of
schools, and about the policy implications of these findings.
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researchers’ analyses suggested that aspects of school life that enhance a
sense of community within Catholic schools most effectively explained
the difterences in student outcomes between Catholic and public schools.

Exploring Mechanism When Theory Is Weak

When the theoretical basis for addressing questions related to mecha-
nism is weak, contested, or poorly understood, other types of methods may
be more appropriate. These queries often have strong descriptive compo-
nents and derive their strength from in-depth study that can illuminate
unforeseen relationships and generate new insights. We provide two
examples in this section of such approaches: the first is the ethnographic
study of college women (see Box 5-2) and the second is a “design study”
that resulted in a theoretical model for how young children learn the
mathematical concepts of ratio and proportion.

After generating a rich description of women’s lives in their universities
based on extensive analysis of ethnographic and survey data, the researchers
turned to the question of why women who majored in nontraditional majors
typically did not pursue those fields as careers (see Box 5-2). Was it because
women were not well prepared before college? Were they discriminated
against? Did they not want to compete with men? To address these
questions, the researchers developed several theoretical models depicting
commitment to schoolwork to describe how the women participated in
college life. Extrapolating from the models, the researchers predicted what
each woman would do after completing college, and in all cases, the models’
predictions were confirmed.

A second example highlights another analytic approach for examining
mechanism that begins with theoretical ideas that are tested through the
design, implementation, and systematic study of educational tools (cur-
riculum, teaching methods, computer applets) that embody the initial
conjectured mechanism. The studies go by different names; perhaps the
two most popular names are “design studies” (Brown, 1992) and “teaching
experiments” (Lesh and Kelly, 2000; Schoenfeld, in press).

Box 5-5 illustrates a design study whose aim was to develop and elabo-
rate the theoretical mechanism by which ratio reasoning develops in young
children and to build and modify appropriate tasks and assessments that

SCIENTIFIC RESEARCH IN EDUCATION

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/10236

Scientific Research in Education

BOX 5-5
Elementary School Students and Ratio and Proportion

In a project on student reasoning on ratio and proportion,
Confrey and Lachance (2000) and colleagues examined a group
of 20 students over a 3-year period in one classroom. Begin-
ning with a conjecture about the relative independence of
rational number structures (multiplication, division, ratio and
proportion) from additive structures (addition and subtrac-
tion), the investigators sought the roots of ratio reasoning in
a meaning of equivalence unfamiliar to the children. Consider
how a 9-year-old might come to understand that 4:6 is equiva-
lent to 6:9. Using a series of projects, tasks and challenges
(such as designing a wheelchair access ramp or tourist guide
to a foreign currency) researchers documented how students
moved from believing that equivalence can be preserved
through doubling (4:6 = 8:12) and halving (4:6 = 2:3), to the
identification of a ratio unit (the smallest ratio to describe the
equivalence in a set of proportions), to the ability to add and
subtract ratio units (8:12 = 8+2: 12+3), to the ability to solve
any ratio and proportion challenge in the familiar form
a:b :: cx.

This operational description of the mechanism behind ratio
reasoning was used to develop instructional tasks—Ilike
calculating the slopes of the handicapped access ramps they
had designed—and to observe students engaged in them.
Classroom videotaping permitted researchers to review, both
during the experiment and after its completion, the actual
words, actions, and representations of students and teachers
to build and elaborate the underlying conjectures about ratio
reasoning.

At the same time, students’ performance on mathematics
assessments was compared with that of students in other
classes and schools and to large-scale measures of performance
on items designed to measure common misconceptions in ratio
and proportion reasoning. The primary scientific product of
the study was a theoretical model for ratio and proportion
learning refined and enriched by years of in-depth study.
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incorporate the models of learning developed through observation and
interaction in the classroom. The work was linked to substantial existing
literature in the field about the theoretical nature of ratio and proportion
as mathematical ideas and teaching approaches to convey them (e.g., Behr,
Lesh, Post, and Silver, 1983; Harel and Confrey, 1994; Mack, 1990, 1995).
The initial model was tested and refined as careful distinctions and exten-
sions were noted, explained, and considered as alternative explanations as
the work progressed over a 3-year period, studying one classroom inten-
sively. The design experiment methodology was selected because, unlike
laboratory or other highly controlled approaches, it involved research within
the complex interactions of teachers and students and allowed the every-
day demands and opportunities of schooling to affect the investigation.

Like many such design studies, there were two main products of this
work. First, through a theory-driven process of designing—and a data-
driven process of refining—instructional strategies for teaching ratio and
proportion, researchers produced an elaborated explanatory model of how
young children come to understand these core mathematical concepts.
Second, the instructional strategies developed in the course of the work
itselt hold promise because they were crafted based on a number of relevant
research literatures. Through comparisons of achievement outcomes
between children who received the new instruction and students in other
classrooms and schools, the researchers provided preliminary evidence that
the intervention designed to embody this theoretical mechanism is effec-
tive. The intervention would require further development, testing, and
comparisons of the kind we describe in the previous section before it
could be reasonably scaled up for widespread curriculum use.

Stefte and Thompson (2000) are careful to point out that design studies
and teaching experiments must be conducted scientifically. In their words:

We use experiment in “teaching experiment’ in a scientific sense. ...
What is important is that the teaching experiments are done to test
hypotheses as well as to generate them. One does not embark on
the intensive work of a teaching experiment without having major
research hypotheses to test (p. 277).

This genre of method and approach is a relative newcomer to the field

of education research and is not nearly as accepted as many of the other
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methods described in this chapter. We highlight it here as an illustrative
example of the creative development of new methods to embed the complex
instructional settings that typify U.S. education in the research process. We
echo Steffe and Thompson’s (2000) call to ensure a careful application of
the scientific principles we describe in this report in the conduct of such
research.”

CONCLUDING COMMENTS

This chapter, building on the scientific principles outlined in Chapter 3
and the features of education that influence their application in education
presented in Chapter 4, illustrates that a wide range of methods can legiti-
mately be employed in scientific education research and that some methods
are better than others for particular purposes. As John Dewey put it:

We know that some methods of inquiry are better than others in
just the same way in which we know that some methods of sur-
gery, arming, road-making, navigating, or what-not are better than
others. It does not follow in any of these cases that the “better”
methods are ideally perfect...We ascertain how and why certain
means and agencies have provided warrantably assertible conclu-
sions, while others have not and cannot do so (Dewey, 1938, p. 104,
italics in original).

The chapter also makes clear that knowledge is generated through a
sequence of interrelated descriptive and causal studies, through a constant
process of refining theory and knowledge. These lines of inquiry typically
require a range of methods and approaches to subject theories and conjec-
tures to scrutiny from several perspectives.

We conclude this chapter with several observations and suggestions
about the current state of education research that we believe warrant
attention if scientific understanding is to advance beyond its current state.
We do not provide a comprehensive agenda for the nation. Rather, we

We are aware of several efforts, funded by both federal agencies and foundations,
aimed at further development of this approach to ensure its standard and rigorous
practice.
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wish to offer constructive guidance by pointing to issues we have identi-
fied throughout our deliberations as key to future improvements.

First, there are a number of areas in education practice and policy in
which basic theoretical understanding is weak. For example, very little is
known about how young children learn ratio and proportion—mathemati-
cal concepts that play a key role in developing mathematical proficiency.
The study we highlight in this chapter generated an initial theoretical model
that must undergo sustained development and testing. In such areas, we
believe priority should be given to descriptive and theory-building studies
of the sort we highlight in this chapter. Scientific description is an essential
part of any scientific endeavor, and education is no different. These studies
are often extremely valuable in themselves, and they also provide the critical
theoretical grounding needed to conduct causal studies. We believe that
attention to the development and systematic testing of theories and con-
jectures across multiple studies and using multiple methods—a key scien-
tific principle that threads throughout all of the questions and designs we
have discussed—is currently undervalued in education relative to other
scientific fields. The physical sciences have made progress by continuously
developing and testing theories; something of that nature has not been
done systematically in education. And while it is not clear that grand,
unifying theories exist in the social world, conceptual understanding forms
the foundation for scientific understanding and progresses—as we showed
in Chapter 2—through the systematic assessment and refinement of theory.

Second, while large-scale education policies and programs are con-
stantly undertaken, we reiterate our belief that they are typically launched
without an adequate evidentiary base to inform their development, imple-
mentation, or refinement over time (Campbell, 1969; President’s Committee
of Advisors on Science and Technology, 1997). The “demand” for educa-
tion research in general, and education program evaluation in particular, is
very difficult to quantify, but we believe it tends to be low from educators,
policy makers, and the public. There are encouraging signs that public
attitudes toward the use of objective evidence to guide decisions is improv-
ing (e.g., statutory requirements to set aside a percentage of annual appro-
priations to conduct evaluations of federal programs, the Government
Performance and Results Act, and common rhetoric about “evidence-based”
and “research-based” policy and practice). However, we believe stronger
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scientific knowledge is needed about educational interventions to promote
its use in decision making.

In order to generate a rich store of scientific evidence that could
enhance effective decision making about education programs, it will be
necessary to strengthen a few related strands of work. First, systematic
study is needed about the ways that programs are implemented in diverse
educational settings. We view implementation research—the genre of
research that examines the ways that the structural elements of school set-
tings interact with efforts to improve instruction—as a critical, underfunded,
and underappreciated form of education research. We also believe that
understanding how to “scale up” (Elmore, 1996) educational interventions
that have promise in a small number of cases will depend critically on a
deep understanding of how policies and practices are adopted and sus-
tained (Rogers, 1995) in the complex U.S. education system.!?

In all of this work, more knowledge is needed about causal relation-
ships. In estimating the effects of programs, we urge the expanded use of
random assignment. Randomized experiments are not perfect. Indeed,
the merits of their use in education have been seriously questioned
(Cronbach et al., 1980; Cronbach, 1982; Guba and Lincoln, 1981). For
instance, they typically cannot test complex causal hypotheses, they may
lack generalizability to other settings, and they can be expensive. However,
we believe that these and other issues do not generate a compelling ratio-
nale against their use in education research and that issues related to ethical
concerns, political obstacles, and other potential barriers often can be
resolved. We believe that the credible objections to their use that have
been raised have clarified the purposes, strengths, limitations, and uses of
randomized experiments as well as other research methods in education.
Establishing cause is often exceedingly important—for example, in the
large-scale deployment of interventions—and the ambiguity of correla-
tional studies or quasi-experiments can be undesirable for practical purposes.

In keeping with our arguments throughout this report, we also urge
that randomized field trials be supplemented with other methods, includ-
ing in-depth qualitative approaches that can illuminate important nuances,

10The federal Interagency Education Research Initiative was developed to tackle this
thorny issue.
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identify potential counterhypotheses, and provide additional sources of
evidence for supporting causal claims in complex educational settings.

In sum, theory building and rigorous studies of implementations and
interventions are two broad-based areas that we believe deserve attention.
Within the framework of a comprehensive research agenda, targeting these
aspects of research will build on the successes of the enterprise we high-

light throughout this report.
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Design Principles for Fostering
Science in a Federal Education
Research Agency

he federal government has an important and legitimate role in sup-

porting research as a public good, including research in education

(e.g., National Research Council, 1999d; President’s Committee of
Advisors on Science and Technology, 1997; Geweke and Straf, 1999). The
tederal government’s role in education research dates back to the middle of
the nineteenth century, when the U.S. Department of Education was
established! to collect statistics and provide exemplary models for the nation’s
schools. Then as now, the nation recognized the value of centrally gener-
ated education research that should be made available to all states, districts,
and schools. In the absence of a federal leadership role, knowledge gained
by one state or district that might be relevant to others would not likely
be widely distributed, as individual states tend to undervalue the benefits
that would accrue to others. Moreover, many scientific studies contrast
alternative education approaches or models, and important comparisons
are frequently made across states, districts, and schools. The federal govern-
ment is also the natural place to collect and make data widely available on
education performance, costs, processes, inputs, and their interrelationships.

IThe U.S. Department of Education was first formed in 1867; its name was changed
to the Bureau of Education shortly thereafter and later to the Office of Education. The
modern U.S. Department of Education was established in 1979.
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Assuming a legitimate federal role in education research, this chapter
addresses the question: How should a federal education research agency be
designed to foster scientific research in education, given the complexities
of the practice of education, the stringencies of the scientific principles,
and the wide range of legitimate research designs?

While our focus is on design principles for a single agency, we point
out that education research of national interest has historically been sup-
ported by several offices in the U.S. Department of Education, by other
agencies of the federal government, and by private organizations (e.g.,
foundations). A federal agency is only one part of this larger enterprise, but
it occupies a central place within it. Indeed, while the committee makes
a number of suggestions for one agency to lead the scientific enterprise, we
recognize that some of the tasks might best be conducted in partnership
with other agencies or nongovernmental organizations, and we encourage
the exploration of such options. Within this broader context of scientific
research in education, this chapter takes up the specific issue of how a
federal research agency might be designed to best fulfill its role in the
scientific enterprise.

Our approach in this chapter is forward looking. Throughout, we
speak of a generic agency because the committee wanted to free its delib-
erations from exclusive consideration of the current incumbent, the U.S.
Department of Education’s Office of Educational Research and Improve-
ment (OERI). Although this report is in part intended to help policy
makers think about the pending reauthorization of OERI, the committee
was not charged with, nor did it conduct, an evaluation of OERI. Rather, we
relied on data we have collected from a sampling of federal social science
research agencies and programs—including OER I—about how they sup-
port their science missions.> In short, while we reiterate that we did not
evaluate OERI, we clearly could not avoid learning about it or discussing
it, especially in a comparative way, to address our charge effectively. Thus,

2Specifically, we collected data from OERI, the Social, Behavioral, and Economic
Sciences and Education and Human Resources Directorates at the National Science
Foundation, the Child Development and Behavior Branch at the National Institute on
Child Health and Human Development, and the Social and Behavioral Research
Program at the National Institute on Aging.
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throughout this chapter we refer to OERI and other agencies, most often
comparing various aspects of funding and operations among them.

We also relied on information the committee gathered at a workshop
it sponsored in March 2001 that featured panels of senior officials from
these and other agencies as well as knowledgeable experts about the federal
role. The participants discussed the federal role in education research and
related social sciences across several agencies with an eye toward the future
of a federal education research agency (again, OERI was one of several
agencies represented and discussed). This event is summarized in a work-
shop report (see National Research Council, 2001d).

Based on the information gathered at the workshop and through sub-
sequent data collection, our guiding principles of science, the features of
education that influence the conduct of research, and the nature of scien-
tific progression, we develop six design principles around the notion of
creating a scientific culture. We argue throughout this report that science
itself is supported through the norms and mores of the scientific commu-
nity, and we believe that cultivating these values within a research agency
is the key to its success. We also note that decades of organizational fixes
at the current agency have arguably not done much to improve its culture
and, consequently, its reputation.

Our focus on a scientific culture within an agency stems from the
recognition that an agency in many ways reflects the field it supports, and
vice versa. An agency’s success requires a strong group of scholars, and the
broader community depends in part on a vibrant federal presence. Thus,
our design principles emphasize the role of researchers to lead and staft the
agency, to serve on advisory boards, to help synthesize the current state of
knowledge, and to act as peer reviewers of proposals and programs of
research. The principles also recognize the role of the agency in building
the professional capacity of the field.

Other themes in this report are embedded in the design principles as
well. For example, we take up the issue of research ethics—an influential
aspect of the education research enterprise (see Chapter 4)—from the
perspective of the federal regulations that govern them. We also argue for
flexible decision-making authority in the agency to accommodate the
dynamic nature of scientific progress and opportunity (see Chapters 2 and 3).
And we suggest the agency attempt to enhance part of its research port-
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folio by finding ways to bring it closer to the complexities of educational
practice (see Chapter 4).

It is important to recognize the difference between this focus on
developing a scientific culture and the focus on research methods in
H.R. 48753 —the bill that at least in part led to this report—and several
related debates about the future of OERI. The language in the bill con-
tains many of the key concepts we treat in this report, including systematic
data collection, experimentation, rigorous reasoning, replication, and peer
review. However, attempting to boost the scientific basis of federally funded
education research by mandating a list of “valid” scientific methods is a
problematic strategy. The inclusion of a list of methods—regardless of how
they are applied in particular situations—erroneously assumes that science
is mechanistic and thus can be prescribed. We have shown that science
adheres to a set of common principles but its application depends greatly
on the particulars of a given situation and the objects of inquiry. The
definitions also make clear distinctions between quantitative and qualita-
tive methods, implying that these two types of research approaches are
fundamentally different; we argue the opposite. Furthermore, the use of
definitions of methods as a tool for improvement fails to recognize the
crucial role of theory and, as we emphasize, a strong, self-regulated, skep-
tical community of researchers that pushes the boundaries of knowledge.
It is in this spirit that we focus on scientific culture in approaching the
design of a federal education research agency.

The committee recognizes an inherent dilemma in designing an agency
to support scientific research in education. Scientific education research is
often grounded in the practical problems of teaching, learning, and school-
ing and their varied contexts. Therefore, it is important to engage practi-
tioners in the functions of the agency and to link research to the design
and management of federal education programs. However, as we describe
below, history has shown that a close bureaucratic relationship between
research and educational programming in a federal agency can overwhelm
the research function. Thus, we attempt to clarify the proper roles of
researchers, practitioners, and politicians to ensure the needs of these com-

3To view the text of the bill, go to http://thomas.loc.gov/ and search for H.R. 4875
in the 106th Congress.
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munities are met and their strengths maximized. We believe strongly that
the responsibility for the success of the agency and the broader research
effort it supports lies not solely with federal policy makers, but is shared
among all those who have a stake in education and education research.

Another dilemma has to do with the composition of the education
research community itself. As we argue earlier in this report, we believe
that the vast diversity that characterizes the field of education research is
both a great strength and a troubling weakness. The variation in epistemo-
logical paradigms, methodological tools, and professional training lends the
enterprise intellectual vitality. This same variation, however, is a source of
cultural divisions among subfields that fosters isolation and impedes scien-
tific consensus building and progress. In short, the “community” of sci-
entists in education is really an eclectic mix of scholars with different norms
and different standards of evidence. While we talk about the scientific
community and its role in a federal agency as if it were a unified, easily
identifiable group, the reality is more complex. The talent pool in educa-
tion research is shaped by a number of structural, historical, and cultural
variables, and parsing them out requires careful analysis. Thus, in the dis-
cussion that follows, we attempt to highlight issues that may be relevant in
the implementation of the design principles vis-a-vis the field.

Our vision is that the fundamental mission of a federal education
research agency would be to promote and protect the integrity of scientific
research in education with the goal of generating knowledge that can inform
policy and practice decisions.* To achieve this mission, the agency needs
to develop and nurture a scientific culture, and to do so, it must have an
infrastructure, supported by sufficient resources, that enables a cadre of
experienced staft to make decisions flexibly and to interact continuously

*Although our focus is on scientific research, we believe that the federal government
should also fund related activities, such as development and demonstration work, a
statistics function, a national library, other forms of educational scholarship (e.g., history
and philosophy), and a research dissemination and implementation structure. Scientific
research is related to, and often depends on, these functions. Indeed, we believe that it
is the integration of scientific knowledge with insights from the humanities and other
scholarly pursuits that will ultimately yield the most powerful understanding of educa-
tion. However, we do not address them explicitly in this report because they are
outside the scope of the committee’s charge to focus on scientific research in education.
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with the field it supports. We develop six design principles from these core
ideas:

o Staft the agency with people skilled in science, leadership, and man-
agement.

e Create structures to guide agenda, inform funding decisions, and
monitor work.

e Insulate the agency from inappropriate political interference.

e Develop a focused and balanced portfolio of research that addresses
short-, medium-, and long-term issues of importance to policy and
practice.

e Adequately fund the agency.

e Invest in research infrastructure.

The rest of this chapter elaborates these principles and provides sug-
gestions for specific mechanisms that could be implemented to support
them. We stress that these suggestions do not reflect a view that there is
one “model” that dictates the specific design features of any federal research
agency. Indeed, the U.S. federal research enterprise is characterized by a
range of structures and processes that is effective in respected agencies
across the federal government (National Research Council, 2001d;
Mathtech, 1996).

DESIGN PRINCIPLE 1
Staff the Agency with People Skilled in Science, Leadership,
and Management

We begin with leadership and staffing deliberately: a scientific culture
begins (and ends) with competent people. Attracting and retaining an
adequate number of qualified leaders and staff is so critical to a healthy
federal education research agency that we believe without it, little else
matters. There is no substitute for leadership and human capacity.

The leaders of the agency are of paramount importance. All federal
agency leaders need leadership and management skills and, for this agency,
the leaders—political appointees and career officials alike—must be
respected educational researchers with strong scientific credentials. The
culture of an organization emanates from its leaders; without research
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experience at the top levels, the norms and mores of science will likely not
take hold.

Similarly, the agency’s research staff should have extensive education
research experience. They must have knowledge of relevant content as
well as be able to recognize scientifically rigorous design, theory, data col-
lection strategies, and analysis techniques. The agency should employ a
mix of research staff, where promising junior scholars work alongside senior
research staff to infuse new ideas into the agency’s work and to develop
future senior staft of the agency. Providing ongoing professional develop-
ment opportunities for research staft is also critical to allow continuing and
sustained interaction with the broader research community.

How can a federal education research agency attract and retain such
human resources to develop and maintain a scientific culture that fosters
and protects the integrity of scientifically rigorous research in education?
This is a difficult question.

In keeping with the range of hiring strategies of several existing federal
research agencies,® a federal education research agency should have the
authority to pursue multiple approaches to develop its leadership and staft.
Developing a core of permanent staff offers the benefit of increasing insti-
tutional knowledge and long-term relationships within the government
and the research field. Short-term assignments can serve the dual purpose
of updating the agency with new ideas from the field and acquainting
university faculty and other researchers with the operations, needs, and

5While all federal personnel actions are governed by Title V of the United States
Code, many research agencies have exemptions from certain provisions regarding hiring
practices to be able to retain the services of temporary scientific or technical employees.
Within these parameters, agencies staff their organizations in very different ways. In the
Social, Behavioral, and Economic Sciences Directorate at the U.S. National Science
Foundation (NSF), for example, 40 percent of the current research staff is comprised of
several types of temporary “rotators” who work in the directorate for a short time.
These temporary appointments have historically been used to bring the expertise and
perspective of active researchers into the operations of the agency. The Child Develop-
ment and Behavior Branch of the National Institute for Child Health and Human
Development (NICHD) at the National Institutes of Health (NIH), in contrast, has had
only three short-term staff appointments since 1995; instead, it depends on permanent
staff to convene workshops with those in the field for the purpose of ensuring it is in
touch with the perspective of active researchers.
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accomplishments of the agency. For similar reasons, the appointment of
postdoctoral fellows can be beneficial. These appointments also help build
the capacity of future leaders in the research field.

Another way for a federal education research agency to cultivate
scientific norms in its staff is to engage in collaborative research eftorts
with other agencies to encourage interaction with staft who have traditions
of supporting related scientific work. Such collaborations can enrich the
breadth and depth of staft knowledge, and they also offer the benefit of
developing cutting-edge, interdisciplinary research programs across federal
agencies (National Research Council, 1999d). There are several current
interagency efforts in education research from which lessons could be
learned: examples include the Interagency Education Research Initiative,
a partnership of OERI, NICHD, and NSF aimed at understanding how to
scale up promising education practices, and a joint OERI-NICHD initia-
tive focused on understanding how best to help bilingual students learn to
read in English.

Although these policy tools can help attract and retain top staff, staft-
ing will depend heavily on related issues, such as funding, reputation, and
leadership. For example, to the extent that education research is under-
funded relative to other opportunities available to researchers (see Design
Principle 5 below), top talent will likely go elsewhere, both in the field and
in the agency. The early 1980s provides a lesson. With significant federal
budget cuts in education and social science research, researchers migrated,
especially to the health and national defense fields, many never to return.
These tunding deficiencies have affected OERI’ ability to attract and retain
a cadre of capable staft despite having hiring authority similar to NSF and
NIH. Staft levels were reduced drastically in the 1980s as a result of deep
federal budget cuts, but even as its funding began to climb in the 1990s, the
agency again lost 25 percent of its staft, including some of the most capable
and experienced individuals (Vinovskis, 2000).

The reputation of an agency and its leadership will also affect staffing.
Developing a good reputation, of course, is not a simple matter of policy
fixes. Adequate funding will help, but if the agency suffers from a poor
reputation, its leaders will have to be creative about staffing possibilities
and may need to convince a critical mass of researchers to serve at the same
time. In this vein, the development of a scientific culture is critical; initial
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appointments have to be highly talented researchers who, in addition to
being oftered very attractive positions, should be encouraged to view such
federal service as an important way to strengthen their profession.

DESIGN PRINCIPLE 2
Create Structures to Guide Agenda, Inform Funding Decisions,
and Monitor Work

To accomplish its core tasks, a federal education research agency must
be supported by a coherent system of governance. While we do not ofter
a comprehensive plan, we do believe that two essential elements of such a
structure have the highest probability of cultivating scientific norms both
inside and outside the agency: a high-level governing board and standing
peer review panels of top-flight scientists.

Governing Board

Governing boards are common management and oversight tools for
federal research agencies. We believe that particular attention to aspects of’
the board’s composition and responsibilities can further the development
of a scientific culture within the agency as well as foster interactions with
other stakeholders. We suggest that the agency operate under the general
direction of a high-level governing board, drawn from leaders in education
policy and practice, education research, business, and both political parties.
The diversity of the governing board will allow the many different cultures
associated with each representative group to learn from one another as
they work toward common goals. Many research agencies currently have
some kind of a governing or advisory board (e.g., the National Science
Board of the NSF and OERI’s National Educational Research Policy and
Priorities Board [NERPPB]). Such a board should provide advice to senior
leadership, recommend research directions, help to safeguard the indepen-
dence of the agency, provide critical links to practice and policy commu-
nities, and reinforce scientific norms inside the agency.

A key task of this board would be to develop the research agenda. No
matter how strong its science, if the agency does not carefully develop and
maintain its agenda in close collaboration with researchers, policy makers,
and practitioners and in alignment with available resources, it will fail to
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meet its mission. The challenges facing American education—low achieve-
ment levels, cost, growing numbers of second-language learners—are very
real and demand serious investment. For education research to play a role,
it is imperative that a federal education research agency have clear, long-
term priorities for generating knowledge and promoting its transfer and
utilization to engage the field in a collaborative eftfort toward understanding
core issues in education.

The agency might also include an agenda-setting committee, chaired
by a distinguished practitioner, which would work with the board on the
research agenda. Representatives from the scientific community should
serve to help identify areas that warrant further research on the basis of the
state of scientific development; this task may involve identifying areas of
research that are ripe for immediate testing, or that require more basic
descriptive research to generate scientific hypotheses or assertions. Rep-
resentatives from the practice communities should serve to articulate the
high-priority issues for educational improvement from a practical perspec-
tive. And representatives from the policy communities should serve to
articulate short and enduring policy issues, as well as the feasibility of moving
in new directions as recommended by researchers and practitioners.

Another role for a governing board would be to report to Congress
and the nation on the agency’s progress toward clearly stated and com-
monly shared goals. In the spirit of the 1993 Government Performance
and Results Act (GPRA), the agency should be accountable for research
results: knowledge generation and dissemination. Since research results
are difficult to quantify, federal research agencies have struggled to comply
with this law. A recent report (National Research Council, 1999b) pro-
vides some guidance on how to assess the outcomes of research for GPRA
reporting. Plans and measures should be developed according to the char-
acter of the research program and acknowledge (as we do in this report)
that the progression of science is jagged and often unexpected.

Standing Peer Review Panels
Peer review is the single most typically used mechanism for nurturing

a scientific culture within and outside federal research agencies, and one
that should play a feature role in a federal education research agency. In
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the ideal, peer review is both a process by which scientific work is assessed
and funded and a product in that it provides a venue for the scientific culture
of self-regulation (Chubin and Hackett, 1990) we describe throughout this
report. The process works on several levels. First, by involving a group of
active researchers, the current state of the art is introduced and used in
judging proposed research. Second, especially when used as a feedback
mechanism for the field (National Research Council, 2001d), the review
process itself encourages the development of an active community of
scientists working together on education problems: the process of review-
ing proposals and communicating feedback fosters the development of
common standards of quality and other scientific norms in the field over
time. Third, the peer-review process acts as a buffer against outside political
pressures to choose certain proposals or fund certain researchers regardless
of scientific merit.

A wide variety of peer review structures—ad hoc review committees,
standing panels, mixture of outside and panel evaluations, and the like—
can work. Indeed, the current federal system is characterized by this diver-
sity of approaches (U.S. Government Accounting Office, 1999). For
example, NIH uses both standing “study sections” and ad hoc review groups,
while NSF and OERI only use ad hoc panels of reviewers for each
competition. In contrast, the Office of Naval Research does not use panels
of peer reviewers to fund proposals but rather regards its staff as peers able
to make such decisions internally (National Research Council, 2001d).

We believe that a federal education research agency ought to use
standing review panels akin to the NIH study sections as its primary peer
review vehicle. We envision these standing panels as providing continuity
in overseeing research programs (see Design Principle 4). This suggestion
reinforces the recommendations of several other groups (that are studying
OERI in particular), including the RAND panels (see http://www.rand.org/
multi/achievementforall/) and the NERPPB in its policy statements
(National Educational Research Policy and Priorities Board, 2000). When
researchers join peer review panels that have a life over a period of years,
panel members strengthen their knowledge and the panel as a whole
develops an integrated, communal expertise. Members then communicate
this knowledge to their colleagues through their review of proposals and
interaction with colleagues, and they also demand that, in the proposals
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they review, the research community is up to date on the most recent
synthesis of knowledge.

We caution that peer review is not a perfect quality assurance mecha-
nism, and it can go wrong. History has shown that it can be a conservative
instrument for selecting research proposals for funding, and can stifle inno-
vation as a result (Cicchetti, 1991). To mitigate these problems, the agency’s
standing panels should have rotating membership terms to ensure that fresh
perspectives are regularly replenished.

Whatever the structure and management of peer review panels, their
successful implementation will require diligence and care with respect to
their composition. For peer review to work well, the choice of peers is
vital. By peers, we mean scientists conducting research in an education
area that substantially overlaps with that of the proposals under review and,
importantly, who can think beyond their own line of work. Since the
topical areas under any particular competition can be quite vast, sometimes
it is not possible to achieve total representation of topical areas (August and
Muraskin, 1999). Therefore, it is critical to ensure the peers can think
broadly. The goal is to assemble reviewers who have both the substantive
and methodological knowledge to make science-based judgment about
the merits of competing proposals and the state of current understanding.
As a result, we believe that policy makers and practitioners should not have
responsibility for judging the scientific merit of research proposals; they
should have opportunities for ongoing collaborations in the agency, but
not as part of peer review panels (see “Governing Board,” above). This
makes clear that agency staff must be adept at selecting and attracting
appropriate individuals and achieving balance in groups of peer reviewers.

Furthermore, engaging the scientific community in the course of
research planning and progress through peer review depends critically on
an ample talent pool of peers. In the short term, one important consider-
ation is the need to engage a range of perspectives relevant to the work.
Agency leaders have to ensure that the collective membership of these
panels does not bring a narrow view to the work. At the same time, the
choice of peers must maximize the intellectual caliber and scientific exper-
tise of the group. An overemphasis on ensuring broad content area, epis-
temological, and methodological representation can backfire if such
considerations outweigh the overarching need to engage top scientific talent
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in the effort. In sum, assembling the right group is a finely nuanced task.
Ultimately, the long-term viability of standing panels or other mechanisms
for peer review in scientific education research will depend on sustained
attention to building the capacity of the field itself (see Design Principle 6
below).

We have focused thus far on the issues of peers and peer review from
the perspective of a federal agency. However, the responsibility to assemble
high-quality panels in the short term and to enhance the profession in the
long term does not rest solely with the federal government. Indeed, we
believe the community of researchers plays the most critical role in making
peer review work. It is the professional responsibility of scientists to par-
ticipate in efforts that promote scientific collaboration, consultation, and
critique. A federal agency is a natural place to engage in that work. The
future of the field—and the federal agency that supports it—will depend
in no small part on finding new ways to harness the scholarly potential of
its diverse perspectives.

DESIGN PRINCIPLE 3
Insulate the Agency from Inappropriate Political Interference

A federal education research agency must be designed to prevent
inappropriate political criteria from entering into the agency’ agenda for
research, its choice of research studies, its selection of grantees, and its
scientific norms. Ensuring that political interference is minimal will foster
a scientific culture, protect the scientific process, and prevent research from
being sacrificed to the policy passions and practice fads of the day. While
we are agnostic about where in the federal government an education
research agency should reside, it must have a large degree of independence
from partisan politics from both the executive and legislative branches of
government.

We want to be clear that buffering the agency from politics in the U.S.
system cannot, and should not, be total. However desirable the autonomy
of the agency might be from a scientific perspective, its research agenda
must be responsive to the needs of decision makers in education. Although
research should not be driven only by the needs of the moment—say,
school-based management one year, charter schools the next, standards and
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accountability the year after—proper attention must be paid to political
concerns.

Nonetheless, there are specific kinds of political interference from which
a federal education research agency must be insulated. They include
micromanagement of decision making, the distortion of the research agenda
to be solely short-run, and the use of the agency as a tool to promote a
particular policy or position—problems that occur with some frequency
across research agencies (Vinovskis, 2000; National Research Council, 1992).
To protect the agency from these influences, we suggest that it have inde-
pendent authority for hiring, disbursal of funds, and publishing. We also
urge that agency staff be trusted to make decisions based on their best
judgments—informed by frequent interaction with the field—about
scientific opportunity. In addition, we believe that the head of the agency
should serve a fixed term that spans political administrations. Finally, a
consistent fiscal resource commitment would help protect the agency from
partisan budget decisions (see Design Principle 5).

Budgetary discretion is a particularly important area in light of the
federal government’s funding patterns for previous education research
agencies (the National Institute of Education and OERI) over the last few
decades. Two trends are noteworthy. First, in the Behavioral and Social
Research Program at the National Institute on Aging (NIA), the Child
Development and Behavior Branch at the NICHD, and the Social, Behavioral,
and Economic Sciences and Education and Human Resources Directorates
at NSE staft had the freedom to develop programs and solicit proposals for
a significant proportion of their fiscal 2000 research budgets. By contrast,
how OERI’s roughly $130 million research budget will be spent is largely
determined by requirements in its current authorizing statute. This legis-
lation requires that at least 25 percent of the annual appropriation for
research fund field-initiated studies and at least 15 percent fund research

6

centers.® Our review of a sample of research agency authorizing statutes

showed that no other research agency is subject to such legal requirements

60Of the approximately $130 million in research funds in fiscal 2000, roughly $85 mil-
lion is managed through five internal institutes, and the remainder is embedded in the
regional laboratory structure and other improvement activities. The congressionally
mandated percentages we cite here apply to the institute funds.
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about its use of funds. Furthermore, at our public workshop in March
2001 (National Research Council, 2001d), we heard repeatedly—from three
former assistant secretaries, a branch chief at another agency who works
with OERI on an interagency research program, and several OERI staff—
that a lack of flexibility was a significant problem in OERI. A federal
education research agency must have the discretion to invest the bulk of its
appropriations in its scientific research agenda to eftectively manage evolv-
ing research programs. We believe that Congress should have the ability to
review the outcomes of the research (see Design Principle 2) and to make
appropriations decisions based on performance over time. It should not,
however, require that funds be allocated through specific mechanisms or
earmark funds for unreviewed projects.

Second, the current federal education research agency, OERI, includes
several large nonresearch, service-oriented programs such that its research
mission is compromised (National Research Council, 1992). The original
intent of including the “I” in OERI (that is, the school improvement func-
tion) was to forge a close relationship between cutting-edge research and
program funds aimed at improving schools. While in the abstract this idea
made good sense, a school improvement agenda can overwhelm the agency’s
fiscal and intellectual capacity to focus on its core research mission. While
total funding (in 2000 dollars) for OERI has increased nearly tenfold
between 1980 and 2000, the percentage of its budget that funds its core
research mission fell sharply in the early 1980s and has since remained at
roughly 15 percent. The lion’s share of its monies has funded service-
oriented programs to states, school districts, and schools to implement
“research-based” reform. This trend is also evident at NSF’s Education and
Human Resources (EHR) Directorate, which also houses a mix of educa-
tion reform programs and research. Since 1980, EHR’s budget has risen
substantially (from $163 million in fiscal 1980 to $691 million in fiscal
2000 [in 2000 dollars]), but the proportion of its total appropriation that
funds research has been meager, ranging from 2.2 to 7.7 percent.’

"Most EHR program grants—as distinct from research grants—include small amounts
for research. Since the figures we present here reflect a strict categorization of projects
based on their primary purpose (i.e., research or services), the estimated percentage of
the total agency budget dedicated to research is slightly understated.
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The trends at these two hybrid organizations strongly suggest that the
research function of a federal education research agency should be organi-
zationally separate from an educational improvement mission, leaving the
latter to a parallel entity with its own budget. A measure of bureaucratic
distance between these two functions is also desirable because it would be
difficult to develop a common culture in an education research agency
given the appropriate difterences between research and program adminis-
tration.

These potential benefits notwithstanding, it is essential that the research
agency forge close links with an improvement entity to foster the integra-
tion of research-based insights into the design and implementation of
service-oriented education programs at all levels. We leave open the ques-
tion of what form such an educational improvement organization should
take (e.g., regional institutes), but do make some suggestions about the
infrastructure needed to better connect research and practice (see Design
Principle 6).

DESIGN PRINCIPLE 4

Develop a Focused and Balanced Portfolio of Research That
Addresses Short-, Medium-, and Long-Term Issues of
Importance to Policy and Practice

Scientific research must focus on the challenges confronting educa-
tion—increasing achievement for all learners, teaching children science in
classrooms where 5 to 15 different languages are spoken, creating oppor-
tunities where access to rigorous education has been blocked, and other
pressing, difficult problems facing educators. While these needs and pres-
sures will be strong, the agency is sure to fail if it attempts to produce
“quick solutions to poorly understood problems” (National Research
Council, 1992, p. viii).

A federal education research agency must have the freedom to go
beyond the short-term view and make long-term investments in promis-
ing lines of research that have reasonable probability of helping to solve
important practical problems and generating new and refined theoretical
frameworks. It must have the freedom to address topics that may not
accord with political opinion or administration policy. More generally, the
research agenda must be aligned to reflect an understanding of its develop-
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mental phase. This assertion does not suggest that education researchers
lower their standards for rigor, but rather that resources and investigations
need to be targeted according to a frank assessment of the formative
developmental character of the field. Thus, the agency should support a
balanced research portfolio with the goal of building theoretical frame-
works to undergird the research enterprise and the long-term capacity of
research programs to anticipate, as well as address, the pressing needs of
policy and practice. Striking the right balance is the key to a successful
research portfolio.

In Chapter 2 we show that science-based knowledge accumulates when
a field is organized around, and works toward understanding of, a particular
question, theory, or problem. With some notable exceptions, the current
education research enterprise is highly fragmented (Lagemann, 2000;
Vinovskis, 2000; National Research Council, 1992). A new agency must
lead the field by focusing scientific research on clearly defined, long-term,
strategically focused programs of research with the goal of producing
cumulative findings about pressing problems in education (see http://
www.rand.org/multi/achievementforall/; National Research Council,
1999d). Moreover, the research portfolio should be use-inspired (Stokes,
1997), including a mix of fundamental science and applied questions;
projects with short-, mid-, and long-term horizons; and a variety of research
types and methods.

To achieve this balance, we suggest that the agency develop constella-
tions of related research projects, or programs. For example, schools under
externally mandated accountability requirements are searching for curricula
and teaching methods to boost all students’science achievement on a variety
of outcomes (e.g., tests, course-taking, grades, and other formative measures).
A program of research focused on this challenge might support short-term
syntheses of what is known, mid-term evaluations of promising programs,
and long-term studies of the acquisition and development of science
competence.

The development of research programs holds promise for several reasons.
First, in areas where there has been sustained support for research (like the
example of early reading skills we highlight in Chapter 2), there is a clear
progression of education research findings. For example, the Office of
Naval Research began funding studies on advanced educational technology
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in 1969, and it is only in the last few years—30 years later—that this in-
vestment has yielded applicable results (National Research Council, 2001d).
Second, establishing programs with a long-term view focuses the agenda
and develops an infrastructure for research to progressively move toward
scientific consensus.

While long-term research should be an important part of an agency’s
programs, that portfolio should also include shorter range challenges. One
way of addressing immediate challenges is by summarizing existing research
related to a particular topic or problem. Indeed, research syntheses,
consensus panels, literature reviews, and other kinds of summary state-
ments about a body of work are important because conflicting evidence
across individual studies in education is a major source of frustration among
education policy makers and practitioners (see e.g., Sroufe, 1997). Studies
that reach different conclusions about the same topic are commonplace,
not only in education research, but also in many sciences (e.g., experimental
ecology) and many fields (e.g., public health) (National Research Council,
2001d). But this fact does little to placate policy makers and practitioners
who often must make decisions or take action on the basis of available
information.

Perhaps more importantly, a federal education research agency should
systematically conduct research syntheses as part of their program work in
order to build scientific consensus by supporting thorough, balanced reviews
of research selected from studies that meet scientific criteria. As we describe
in Chapter 2, these syntheses provide a mechanism for the accumulation of
research-based knowledge. Statistical syntheses (e.g., Glass and Smith, 1978;
Hedges and Olkin, 1983; Hedges, Laine, and Greenwald, 1994) provide a
means of aggregating across studies. Such syntheses depend on statistical
sampling and design quality standards and attend to scientific principles of
reproducibility, transparency in standards of evidence, estimation of the
role of chance and variation, and the wide availability of findings to invite
professional critique (peer review).

At times, however, even statistical syntheses produce conflicting evi-
dence (as was the case with class-size reduction effects; see Chapter 3).
Thus, the agency should also support a complementary synthesis method—
consensus panels that synthesize bodies of work. Such panels bring together
scholars with diverse perspectives and experiences on an issue. They are
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charged with amassing the best knowledge and wisdom in an area and
using clear standards of evidence for selecting and interpreting studies.
Such panels must also adhere to scientific principles of transparency of
method, assessing uncertainty, and subjecting findings to the skeptical eye
of the broader scientific community. They can be a natural parallel approach
with statistical syntheses. Such groups of experts working together can
propel science forward by forcing groups of scholars with different per-
spectives and expertise to confront one another in a healthy, scholarly debate
toward the advancement of theoretical, methodological, and empirical
understanding.

The extent to which such reviews are conducted in federal research
agencies varies considerably. The Child Development and Behavior Branch
at NICHD and the Behavioral and Social Research Program at NIA both
produce research reviews annually; OERI and the Social, Behavioral, and
Economic Sciences and Education and Human Resources Directorates at
NSF have no formal mechanism for review and synthesis. We believe that
the fact that federal agencies (and foundations) that support education
research typically do not view synthesis as their primary responsibility must
change if knowledge in education is to grow substantially. Indeed, in the
absence of regular efforts to synthesize knowledge, several new entities
whose sole aim is to synthesize what is known about a particular topic,
problem, or intervention have been created in recent years or are in their
planning stages (e.g., Campbell Collaboration [see Box 2-1], Education
Quality Institute, and a potential new center of the Pew Charitable Trusts).

Finally, these programs ought to include investments in the scientific
study of effective modes of dissemination and implementation of the
research. We view the critical issue of research utilization as not only a role
for a federal education research agency, but also as an area much in need
of sustained scientific study itself.

In addition to developing coherent programs, infusing new, cutting-
edge, innovative lines of inquiry into a research portfolio also should be an
important function of a federal research agency. To this end, the agency
should support a healthy program of field-initiated studies outside of the
scope of its pre-defined programs.

DESIGN PRINCIPLES FOR FOSTERING SCIENCE IN A FEDERAL EDUCATION RESEARCH AGENCY

Copyright National Academy of Sciences. All rights reserved.

145


http://www.nap.edu/10236

Scientific Research in Education

146

DESIGN PRINCIPLE 5
Adequately Fund the Agency

The call for higher levels of funding for education research is hardly
new (National Research Council, 2001d, 1999d; President’s Committee of
Advisers on Science and Technology, 1997; Shavelson and Berliner, 1988;
Vinovskis, 2000; Fuhrman, 2001; Schmidt, 2001; Forgione, 2001). We
include it among our design principles for this reason: although we did
not conduct an analysis of the quality of federally funded education research,
we agree with those who came before us that funding has not historically
been aligned with the intended scope of the education research enterprise.
Given our assumption that the agenda of a federal education research agency
will be roughly comparable to what it has been in the past, coupled with
the obvious recommendation that resources be aligned with the scope and
expectations of the enterprise, it follows that we recommend increased
appropriations to ensure that the agency can adequately meet its mandate.

For background on these recommendations, we briefly review avail-
able data and literature related to the federal investment in education
research. Unfortunately, no reliable estimates exist of the total investment
in education research (Morrill, 1998; National Research Council, 1992). It
1s difficult even to ascertain how much is invested at the federal level due
to problems categorizing research projects across the many agencies and
sub-agencies that fund education research. In 1997 the President’s Com-
mittee of Advisors on Science and Technology published a report that
attempted to sum the federal investment across agencies based on 1995
dollars. It found that less than one-tenth of 1 percent (<0.001) of the total
amount the U.S. spent on K-12 education was invested in research. By
contrast, it reported that 23 percent of the amount spent on prescription
and nonprescription medication was invested in drug development and
testing. Similarly, the National Research Council (1999d) concluded that
compared to other knowledge-dependent fields, there has been remark-
ably little invested in the systematic, scientific study of education.

Further evidence of the inadequacy of funding comes from a com-
parative assessment of research funding in federal agencies. The data we
collected from OERI and four similar agencies and organizations helped
us gauge (in a rough sense) the ratios of funding level to the scope of the
agenda. Comparing the breadth of research agendas alongside annual
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funding in this way, we find a stark contrast between OERI and other
federal social science research outfits across the federal government. The
substantial and long-term investment made by NICHD in early reading
research, for example, has reaped a significant return for the agency and the
nation. NICHD has invested a total of $100 million over 30 years specifi-
cally to better understand phonological awareness and related early reading
competencies. It was only through this substantial, sustained investment
that, in conjunction with significant funding and intellectual contributions
by other federal agencies (e.g., the Office of Special Education Programs
in the U.S. Department of Education) and other countries, the research in
this relatively focused area has been able to grow.

By contrast, the scope of OERI’s research mandate is sweeping and its
funding level modest. Its 1994 reauthorization established five institutes
within the agency that roughly sketched its agenda. These five institutes
include such broad categories as student achievement, students at risk of
educational failure, education policy, early childhood, and postsecondary
and life-long learning, and fund research through a range of mechanisms
(e.g., centers, field-initiated studies). Each of these institutes spans aca-
demic subject areas (e.g., reading, mathematics, science, history) and in
many cases educational levels (e.g., student achievement, policy, and at risk
all span pre-K through adult learning). This categorization is a reasonable
way to parse the field, and we would expect any federal education research
agency to cover a similar breadth of content. However, it is unreasonable
to expect that robust, research-based knowledge could grow out of them
given the fact that roughly $130 million per year (fiscal 2000 level) must
cover this broad scope.

Over the course of its history, the primary research agency has had
roughly the same agenda but large differences in funding levels. A 1992
National Research Council report charted the precipitous drop in funding
for the National Institute of Education (NIE, predecessor agency to OERI)
and OERI between 1973 and 1991. In 1973, NIE% total budget was
$136 million ($527.5 million in 2000 constant dollars). By 1991, only
$78.4 million ($99.1 million in 2000 constant dollars) of OERI’s budget
was allocated to research. This substantial drop in funding occurred with
no commensurate change in the scope of its agenda. The report argued
that OERI’s limited resources had been spread “so thinly that mediocrity
was almost assured. Only a few lines of research have been sustained for
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the time they needed to bring them to fruition” (National Research Council,
1992, p. 3). To put this mismatch in dollars into perspective, the Tennessee
STAR study (see Box 3-3), a single investigation in a single state that spanned
4 years, cost $10 million over its lifetime.

Although total funding at OERI (adjusted for inflation) has risen sub-
stantially, nearly all of the increase has funded service-oriented programs
with only tenuous connections to research. Since 1990, there has been a
slight rebound in total education research funding, with the fiscal 2000 level
at approximately $130 million (including nonresearch activities, OERI’s
fiscal budget exceeds $800 million). We view this trend as positive, but
believe that given the current breadth of the education research agenda,
future increases will be necessary.

In sum, we believe that if a federal education research agency is to have
an agenda at least as ambitious in scope as its predecessors’, its funding must
be higher than these agencies have had in the past. At the risk of over-
stating the obvious, we wish to make clear that this is not a call to simply
“throw more money at research.” Money alone will not ensure the creation
and accumulation of high-quality science-based knowledge in education—
or any other field. Increases in funding must be targeted to important
problems and attract the best researchers in the country to work on them.
Thus, funding should increase as other design principles are institutional-
ized in a federal education research agency. In particular, steady growth in
funding for research should occur as parallel investments are made in human
resources in the agency and in the field of education research more globally,
the topic we take up next.

DESIGN PRINCIPLE 6
Invest in Research Infrastructure

The infrastructure of any organization is the basic underlying system
that determines how it functions to meet its mission. Research infra-
structure includes a wide range of supports, but most commonly refers to
scientists in the field (people), the tools those scientists have to conduct
their work (instrumentation and methods), and the resources those scien-
tists need (time, money, and access to research participants). We believe it
is essential for a federal education research agency to consistently invest
part of its annual appropriations in infrastructure-building programs.
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Specifically, we believe funding is particularly critical in three areas: the
education research community; data development, information sharing, and
access; and links with the practice and policy communities.

Community of Education Researchers

A federal agency must play a role in nurturing the community of
education researchers. The greater the field’s capacity to conduct high-
quality scientific research in education and to monitor and maintain high
scientific standards, the greater is the likelihood the agency will succeed in
its mission. Our focus, consistent with the theme of developing a scientific
culture in the agency, is on nurturing scientific norms in the field as a whole.

Historians tracing the field of education research have noted its failure
“...to develop a strong, self-regulating professional community” (Lagemann,
2000, p. ix) over a long period of time. We argue throughout this report
that the role of the community of scientists in enforcing scientific prin-
ciples and engaging in professional, skeptical debate about a reasonably
well-defined corpus of scientific work is paramount to the success of the
enterprise. The complexity of education, and the attendant scope of the
research effort, has to date hindered the ability of groups of scholars to
form such a community with common intellectual focus.

The organization of programs of research within a federal education
research agency (see Design Principle 4 above) would provide a natural
springboard for the development of such communities (see http://
www.rand.org/multi/achievementforall). The strategic focus of such pro-
grams and the standing panels that guide them can provide a common
language and set of goals to coalesce groups of peer investigators. In addition,
the agency should create incentives for those whom it funds to publish
their research and syntheses in peer-reviewed journals.® Such incentives
might include a requirement for progress reports to include evidence of
peer-reviewed journal publications, final reports to be in the form of a
series of journal articles, and evaluations of new proposals that take into

8Such journals typically demand, for example, justification of research questions based
on balanced, critical reviews of prior research, use of rigorous methods and analyses,
and a careful chain of logic in interpretations of findings.
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consideration the publication record of the principal investigator and other
key personnel.

A federal education research agency cannot develop and maintain these
communities alone. It can leverage its investment in human resources
through partnerships with other federal agencies, scholarly professional
associations, colleges and universities (especially schools of education),
journal publishers, and others. These partnerships could lay the foundation
for broad-based eftorts aimed at various parts of the system that interact
with the education research profession. For example, partnerships with
journal publishers and professional associations could lead to the develop-
ment and monitoring of standards for journal publications and professional
meetings. Collaborations with professional associations might feature train-
ing and fellowship programs for young scholars (e.g., the Statistics Institute
at the annual meeting of the American Educational Research Association
[AERA], funded jointly by OERI and the National Center for Education
Statistics [NCES], or the AER A Research Grants Program funded by NSE
OERI, NCES, and AERA [Shavelson, 1991] to support dissertation and
field-initiated research studies and to place research fellows at NSF and
NCES). The agency could also forge links with schools of education,
schools of arts and sciences, and other university departments to develop
strategies for training and supporting future scientists in education research.

The training of education researchers is a long-term undertaking. As
we discuss in Chapter 1, current scholarship in education is generated by
investigators trained in schools of education as well as in, for example,
psychology, history, economics, sociology, mathematics, biology, and public
policy departments. In schools of education, students often pursue
nonresearch-oriented goals (e.g., school administration) and may therefore
reach the graduate level without any research training. In a related vein,
publication standards and peer review also vary considerably in education
journals. These complex structural issues will require careful study and
innovative approaches to address them effectively.

Data Development, Sharing, and Access

The advancement of scientific knowledge is facilitated when investi-
gators work with the same set of variables and theoretical constructs. Ideally,
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the field uses a common set of constructs across research studies to enable
replication in different contexts and to better understand the extent to
which findings from one study can be extended in other situations. This
common core would facilitate understanding of how variables and rela-
tionships between variables change over time; if the construct changes,
there is no basis for comparison from one time to another. In education,
this base has been difficult to establish. As we argue in Chapter 4, there is
little consensus about the goals of education, which has presented the
community with the challenge of making sense of findings from multiple
studies on similar topics but based on different measures. Weak theoretical
understanding (see Chapter 5) is another reason why such constructs have
not yet been fully developed in education.

A federal education research agency is a logical central place to develop
and maintain databases that house these common variables. With the
emergence of new technologies for data collection, management, and
analysis, such an agency, perhaps in collaboration with an education statistics
agency (like the current NCES) and as theory is strengthened, could develop
the capacity to maintain data systems on major issues that provide rich
information about educational achievement, processes, costs, institutions,
policies, and services on an ongoing basis. The system could draw on the
extensive resources already available through NCES, the Organisation for
Economic Co-operation and Development (OECD), and NSF and develop
a system based on a common conceptual frame that links these data in a
coherent way.” For similar reasons, the agency should encourage and
facilitate data sharing among its grantees while ensuring privacy and other
ethical standards are met.

A key role for a federal education research agency in developing the
data infrastructure for scientific education research is by facilitating access
to research participants (e.g., students, teachers, administrators, policy makers)
and sites (e.g., classrooms, schools, state legislatures). This access is essential
to the viability of education research and its potential as a tool for improv-

9The committee is aware that similar efforts in the past have failed. The development
of a conceptual framework will be difficult and contentious, but the lack of coherence
across existing indicator systems is a serious problem in education research and should
continue to be pursued as a long-term goal.
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ing education, but researchers have difficulty gaining access to these sources
of data for at least two reasons. First, educational practitioners (especially
teachers) typically do not see education research as useful to their day-to-
day work (Weiss, 1995). This indifference often means that school officials
are unwilling to commit the resources (which is usually a substantial amount
of time) required to engage in research efforts. A second reason arises out
of federal rules and regulations regarding research ethics. Data access for
education research involves legitimate concerns about protecting research
participants—particularly young students—from inappropriate actions in
the name of research. Protections for human research participants, includ-
ing participants in education research, have been in effect in the United
States since 1974 (now codified in Title 45 Part 46 of the U.S. Code of
Federal Regulations). The primary protective mechanism outlined in these
federal regulations are institutional review boards (IR Bs), oversight groups
that review all federally funded research involving human participants to
ensure their ethical treatment.

It is important to recognize that education research, including evalu-
ation studies, rarely presents any true risk to the participant so long as care
is taken to protect identities and that researchers understand and are
responsive to the needs of individual participants. Explicit exemptions
outlined in the U.S. code (see Box 6-1) make this clear. Tom Puglisi, the
former Director of Human Subject Protections in the federal Office for
Human Research Protections, summed up the intent of current law most
succinctly by stating that “much social and behavioral research is exempt
from the regulations governing research” (Puglisi, 2001, p. 34).

In addition to this core statute, there are at least two other laws (the
Family Education Rights and Privacy Act and the Protection of Pupil
Rights Amendment) and U.S. Department of Education policy (developed
by the agency’s Family Policy Compliance Office) that govern access to
education data. In combination, these rules have been variously inter-
preted and implemented, often creating confusion and erecting unnecessary
barriers to conducting scientific research that typically poses “minimal risk”
to students. To add to this already maze-like array of statutes, regulations,
and policies, a recently passed amendment (Parental Freedom of Informa-
tion Amendment) to the U.S. House of Representatives version of the
pending “No Child Left Behind” legislation, would compound the situa-
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tion further. Ironically, this amendment would undermine the $30 million
evaluation program proposed in the same bill.

Research ethics is a complex area that the committee did not have the
time nor the expertise to consider fully.!’ The committee believes that the
basic principles that underlie these regulations and govern the ethical con-
duct of research involving human participants must be upheld; however,
we do see bureaucratic problems and inconsistencies in the way these prin-
ciples have been implemented. A federal education research agency will
need to address these issues as a vital part of its investment in building
infrastructure. If ethical access to data on students cannot be achieved,
scientific progress will be seriously hindered. We suggest that the agency,
in collaboration with other federal agencies conducting science-based
education research and other interested groups (e.g., social science research
associations, research ethicists) invest some of its resources to work toward
the dual goals of scientific access to data and protection of individuals.
Without ethical access to research participants and sites, the mission of the
agency cannot be met.

Links to Practice and Policy Communities

We argue above that the practice and policy communities must be
engaged in the work of the agency to develop its research agenda. We also
call for regular syntheses of research findings to inform practitioners and
policy makers about the cumulative knowledge that scientific education
research has generated. Here, we suggest a third connection to practice
and policy communities, based on the premise that field-based education
research that adheres to scientific principles (see Chapter 3) and attends to
the features of education (see Chapter 4) will be significantly strengthened
by an infrastructure that bridges the gap between researchers and practitioners.

We wish to be clear that we are not calling for the agency to develop
a dissemination network to “translate” research into practice. The transla-

10The National Research Council’s Panel on Institutional Review Boards, Surveys,
and Social Science Research is reviewing current and proposed methods of human
subjects’ protection in social science data collection. It is focusing on the structure,
function, and performance of the institutional review board system.
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BOX 6-1
Exemptions from U.S. Regulations Governing
Research Ethics Requirements

Research activities in which the only involvement of human
subjects will be in one or more of the following categories are
exempt from this policy:

(1) Research conducted in established or commonly accepted
education settings, involving normal education practices, such
as: (i) research on regular and special education instructional
strategies, or (ii) research on the effectiveness of or the com-
parison among instructional techniques, curricula, or classroom
management methods.

(2) Research involving the use of educational tests (cognitive,
diagnostic, aptitude, achievement), survey procedures, inter-
view procedures or observation of public behavior, unless:
(i) information obtained is recorded in such a manner that
human subjects can be identified, directly or through identi-
fiers linked to the subjects; and (ii) any disclosure of the human
subjects’ responses outside the research could reasonably place
the subjects at risk of criminal or civil liability or be damaging
to the subjects’ financial standing, employability, or reputation.
(3) Research involving the use of educational tests (cognitive,
diagnostic, aptitude, achievement), survey procedures, inter-
view procedures, or observation of public behavior that is not

tion of research findings into practice is not a straightforward affair, and
indeed, many have rejected this common metaphor outright (see e.g.,
Willinsky, 2001). The eftect of social science on practice is typically indirect,
affecting change incrementally through “knowledge creep” (Weiss, 1980,
1991a, 1999). The scholarly literature on research utilization also suggests
that local application of knowledge is a long-term process that involves
changes in practitioners’ beliefs, as well as in their procedural skill for
implementing the knowledge (Weiss, 1991b, 1999). And how to spark
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exempt under paragraph (b)(2) of this section, if: (i) the human
subjects are elected or appointed public officials or candidates
for public office; or (ii) federal statute(s) require(s) without
exception that the confidentiality of the personally identifi-
able information will be maintained throughout the research
and thereafter.

(4) Research, involving the collection or study of existing data,
documents, records, pathological specimens, or diagnostic
specimens, if these sources are publicly available or if the
information is recorded by the investigator in such a manner
that subjects cannot be identified, directly or through identi-
fiers linked to the subjects.

(5) Research and demonstration projects which are conducted
by or subject to the approval of department or agency heads,
and which are designed to study, evaluate, or otherwise
examine: (i) public benefit or service programes; (ii) procedures
for obtaining benefits or services under those programs;
(iii) possible changes in or alternatives to those programs or
procedures; or (iv) possible changes in methods or levels of
payment for benefits or services under those programs.

SOURCE: Code of Federal Regulations. Title 45-Public Welfare, Part
46-Protection of Human Subjects, pp. 107-108. Washington, DC: U.S.
Government Printing Office.

large-scale change in the U.S. education system—research-based or other-
wise—is not well understood (Elmore, 1996).

Two recent reports have drawn on these and related literatures to sug-
gest fundamentally new ways of organizing the education research enter-
prise. The first, Improving Student Learning: A Strategic Plan for Education
Research and Its Utilization (National Research Council, 1999d), makes the
case that education research would have a stronger impact on practice if it
were supported by an infrastructure that promoted ongoing collaborations
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among researchers, practitioners, and policy makers. A second phase of this
Strategic Education Research Partnership is currently focused on how to
take this idea and build a place—and the enabling strategies, incentives, and
infrastructure—to allow these partnerships to flourish. The second, a report
of the National Academy of Education (1999), made a similar argument
that the prevailing model of research implementation—moving from basic
research to development to large-scale implementation of programs—is
based on simplistic assumptions about the nature of education and educa-
tion research. The report concluded that a more productive perspective
would view research production and research understanding as part of the
same process, also suggesting the need for better partnerships between
researchers and educators. Both reports, therefore, simultaneously urge the
supply of, and the demand for, education research.

Although the critical issue of research utilization is beyond the scope
of the committee’s charge (although we do believe that more research on
the topic is very much needed), we focus here on the benefits to scientific
inquiry that these collaborative models envision. We suggest that a federal
education research agency invest in an infrastructure that builds connec-
tions between researchers and practitioners because we see the potential to
enhance the research itself. Sustained collaborations between researchers
and practitioners could strengthen field-based scientific education research
by incrementally infusing a deeper knowledge of the complexities of
educational practice into theory building, empirical testing, and methods
development in a number of ways. First, situating the research in the
messiness of day-to-day educational environments would enable closer
attention to context, which we argue is essential to recognize and treat in
scientific research. This infrastructure would also establish mutual trust and
working relationships that could ofter long-term, facilitated access to
research participants and sites, and so protect against research being
abandoned (as we describe in Chapter 4) when the dynamic conditions
surrounding education inevitably shift (e.g., changes in school leadership).
Furthermore, strategically and appropriately engaging the knowledge of
practitioners’ craft throughout the research process can provide relevant
insights that otherwise might be missed.

There are a few examples of such models in practice (e.g., Consortium
on Chicago School Reform, http://www.consortium-chicago.org), but this
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kind of infrastructure building is fundamentally new. We suggest that an
agency support such partnerships carefully and incrementally. There are
not only significant structural and cultural barriers to forging these part-
nerships, but there is also the potential for them to be unproductive. The
nature of their work requires practitioners to be driven by immediate crises
of the day. These needs could skew the research to be too short-term and
tactical in nature to contribute substantially to science-based knowledge.
Similarly, there may also be tradeoffs between traditional views of scientific
quality and the utility of the work for practice (National Research Council,
2001d). Thus, we urge that the development of these collaborations should
include explicit plans for studying their effectiveness and improving them
over time.

CONCLUSION

We believe that clear and consistent focus on translating these design
principles into action will promote a strong scientific culture within an
agency and strengthen the federal role in education research. For those
who know the history of NIE or OERI, many of the principles will strike
a familiar chord. For those who don’t, many of them will seem self-evident.
However hackneyed or intuitive, we believe they are the crux of the matter.
Too often “reform” efforts of the past have focused on changing the exist-
ing agency’s organizational structure without adequately grappling with
the core issues related to building an infrastructure that supports a scientific
community and fosters scientific norms within the agency. Arguably, not
since the early days of NIE has the primary agency in the federal govern-
ment charged with education research had the basic tools to develop a
scientific culture and to achieve its mission. Although the details may shift,
the principles we propose are intended to stand as guideposts for a federal
agency charged with support of scientific education research regardless of
the particular situation of the existing federal infrastructure at any given
point in time.
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