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Foreword

In 1993, in the case Daubert v. Merrell Dow Pharmaceuticals, Inc., the Supreme
Court instructed trial judges to serve as “gatekeepers” in determining whether the
opinion of a proffered expert is based on scientific reasoning and methodology.
Since Daubert, scientific and technical information has become increasingly impor-
tant in all types of decisionmaking, including litigation. As a result, the science and
legal communities have searched for expanding opportunities for collaboration.

Our two institutions have been at the forefront of trying to improve the use
of science by judges and attorneys. In Daubert, the Supreme Court cited an amicus
curige brief submitted by the National Academy of Sciences and the American
Association for the Advancement of Science to support the view of science as “a
process for proposing and refining theoretical explanations about the world that
are subject to further testing and refinement.” Similarly, in Kumho Tire Co. v.
Carmichael (1999) the Court cited an amicus brief filed by the National Academy
of Engineering for its assistance in explaining the process of engineering.

Soon after the Daubert decision the Federal Judicial Center published the first
edition of the Reference Manual on Scientific Evidence, which has become the leading
reference source for federal judges for difficult issues involving scientific testimony.
The Center also undertook a series of research studies and judicial education pro-
grams intended to strengthen the use of science in courts.

More recently the National Research Council through its Committee on Sci-
ence, Technology, and Law has worked closely with the Federal Judicial Center to
organize discussions, workshops, and studies that would bring the two communi-
ties together to explore the nature of science and engineering, and the processes
by which science and technical information informs legal issues. It is in that spirit
that our organizations joined together to develop the third edition of the Reference
Manual on Scientific Evidence. This third edition, which was supported by grants from
the Carnegie Corporation of New York and the Starr Foundation, builds on the
foundation of the first two editions, published by the Center. This edition was over-
seen by a National Research Council committee composed of judges and scientists
and engineers who share a common vision that together scientists and engineers and
members of the judiciary can play an important role in informing judges about the
nature and work of the scientific enterprise.

Our organizations benefit from the contributions of volunteers who give
their time and energy to our efforts. During the course of this project, two of
the chapter authors passed away: Margaret Berger and David Freedman. Both
Margaret and David served on NRC committees and were frequent contributors
to Center judicial education seminars. Both were involved in the development of
the Reference Manual from the beginning, both have aided each of our institutions
through their services on committees, and both have made substantial contribu-
tions to our understanding of law and science through their individual scholarship.
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They will be missed but their work will live on in the thoughtful scholarship they
have left behind.

We extend our sincere appreciation to Dr. Jerome Kassirer and Judge Gladys
Kessler and all the members of the committee who gave so generously to make
this edition possible.

THE HONORABLE BARBARA |J. ROTHSTEIN RaLpH J. CICERONE
Director President
Federal Judicial Center National Academy of Sciences
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Preface

Supreme Court decisions during the last decade of the twentieth century man-
dated that federal courts examine the scientific basis of expert testimony to ensure
that it meets the same rigorous standard employed by scientific researchers and
practitioners outside the courtroom. Needless to say, this requirement places a
demand on judges not only to comprehend the complexities of modern science
but to adjudicate between parties’ differing interpretations of scientific evidence.
Science, meanwhile, advances. Methods change, new fields are born, new tests
are introduced, the lexicon expands, and fresh approaches to the interpretation of
causal relations evolve. Familiar terms such as enzymes and molecules are replaced
by microarray expression and nanotubes; single-author research studies have now
become multi-institutional, multi-author, international collaborative efforts.

No field illustrates the evolution of science better than forensics. The evi-
dence provided by DNA technology was so far superior to other widely accepted
methods and called into question so many earlier convictions that the scientific
community had to reexamine many of its time-worn forensic science practices.
Although flaws of some types of forensic science evidence, such as bite and foot-
print analysis, lineup identification, and bullet matching were recognized, even
the most revered form of forensic science—fingerprint identification—was found
to be fallible. Notably, even the “gold standard” of forensic evidence, namely
DNA analysis, can lead to an erroneous conviction if the sample is contaminated,
if specimens are improperly identified, or if appropriate laboratory protocols and
practices are not followed.

Yet despite its advances, science has remained fundamentally the same. In its
ideal expression, it examines the nature of nature in a rigorous, disciplined manner
in, whenever possible, controlled environments. It still is based on principles of
hypothesis generation, scrupulous study design, meticulous data collection, and
objective interpretation of experimental results. As in other human endeavors,
however, this ideal 1s not always met. Feverish competition between researchers
and their parent institutions, fervent publicity seeking, and the potential for daz-
zling financial rewards can impair scientific objectivity. In recent years we have
experienced serious problems that range from the introduction of subtle bias in
the design and interpretation of experiments to overt fraudulent studies. In this
welter of modern science, ambitious scientists, self-designated experts, billion-
dollar corporate entities, and aggressive claimants, judges must weigh evidence,
judge, and decide.

As with previous editions of the Reference Manual, this edition is organized
according to many of the important scientific and technological disciplines likely
to be encountered by federal (or state) judges. We wish to highlight here two
critical issues germane to the interpretation of all scientific evidence, namely issues
of causation and conflict of interest. Causation is the task of attributing cause
and effect, a normal everyday cognitive function that ordinarily takes little or
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no effort. Fundamentally, the task is an inferential process of weighing evidence
and using judgment to conclude whether or not an effect is the result of some
stimulus. Judgment is required even when using sophisticated statistical methods.
Such methods can provide powerful evidence of associations between variables,
but they cannot prove that a causal relationship exists. Theories of causation
(evolution, for example) lose their designation as theories only if the scientific
community has rejected alternative theories and accepted the causal relation-
ship as fact. Elements that are often considered in helping to establish a causal
relationship include predisposing factors, proximity of a stimulus to its putative
outcome, the strength of the stimulus, and the strength of the events in a causal
chain. Unfortunately, judges may be in a less favorable position than scientists to
make causal assessments. Scientists may delay their decision while they or others
gather more data. Judges, on the other hand, must rule on causation based on
existing information. Concepts of causation familiar to scientists (no matter what
stripe) may not resonate with judges who are asked to rule on general causation
(1.e., is a particular stimulus known to produce a particular reaction) or specific
causation (i.e., did a particular stimulus cause a particular consequence in a spe-
cific instance). In the final analysis, a judge does not have the option of suspending
judgment until more information is available, but must decide after considering
the best available science. Finally, given the enormous amount of evidence to be
interpreted, expert scientists from different (or even the same) disciplines may not
agree on which data are the most relevant, which are the most reliable, and what
conclusions about causation are appropriate to be derived.

Like causation, conflict of interest is an issue that cuts across most, if not all,
scientific disciplines and could have been included in each chapter of the Reference
Manual. Conflict of interest manifests as bias, and given the high stakes and adver-
sarial nature of many courtroom proceedings, bias can have a major influence on
evidence, testimony, and decisionmaking. Conflicts of interest take many forms
and can be based on religious, social, political, or other personal convictions. The
biases that these convictions can induce may range from serious to extreme, but
these intrinsic influences and the biases they can induce are difficult to identify.
Even individuals with such prejudices may not appreciate that they have them, nor
may they realize that their interpretations of scientific issues may be biased by them.
Because of these limitations, we consider here only financial conflicts of interest;
such conflicts are discoverable. Nonetheless, even though financial conflicts can
be identified, having such a conflict, even one involving huge sums of money,
does not necessarily mean that a given individual will be biased. Having a financial
relationship with a commercial entity produces a conflict of interest, but it does
not inevitably evoke bias. In science, financial conflict of interest is often accom-
panied by disclosure of the relationship, leaving to the public the decision whether
the interpretation might be tainted. Needless to say, such an assessment may be
difficult. The problem is compounded in scientific publications by obscure ways
in which the conflicts are reported and by a lack of disclosure of dollar amounts.
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Judges and juries, however, must consider financial conflicts of interest when
assessing scientific testimony. The threshold for pursuing the possibility of bias
must be low. In some instances, judges have been frustrated in identifying expert
witnesses who are free of conflict of interest because entire fields of science seem
to be co-opted by payments from industry. Judges must also be aware that the
research methods of studies funded specifically for purposes of litigation could
favor one of the parties. Though awareness of such financial conflicts in itself is
not necessarily predictive of bias, such information should be sought and evaluated
as part of the deliberations.

The Reference Manual on Scientific Evidence, here in its third edition, is formu-
lated to provide the tools for judges to manage cases involving complex scientific
and technical evidence. It describes basic principles of major scientific fields
from which legal evidence is typically derived and provides examples of cases in
which such evidence was used. Authors of the chapters were asked to provide an
overview of principles and methods of the science and provide relevant citations.
We expect that few judges will read the entire manual; most will use the volume
in response to a need when a particular case arises involving a technical or sci-
entific issue. To help in this endeavor, the Reference Manual contains completely
updated chapters as well as new ones on neuroscience, exposure science, mental
health, and forensic science. This edition of the manual has also gone through the
thorough review process of the National Academy of Sciences.

As in previous editions, we continue to caution judges regarding the proper
use of the reference guides. They are not intended to instruct judges concern-
ing what evidence should be admissible or to establish minimum standards for
acceptable scientific testimony. Rather, the guides can assist judges in identifying
the issues most commonly in dispute in these selected areas and in reaching an
informed and reasoned assessment concerning the basis of expert evidence. They
are designed to facilitate the process of identifying and narrowing issues concern-
ing scientific evidence by outlining for judges the pivotal issues in the areas of
science that are often subject to dispute. Citations in the reference guides identify
cases in which specific issues were raised; they are examples of other instances
in which judges were faced with similar problems. By identifying scientific areas
commonly in dispute, the guides should improve the quality of the dialogue
between the judges and the parties concerning the basis of expert evidence.

In our committee discussions, we benefited from the judgment and wisdom
of the many distinguished members of our committee, who gave time with-
out compensation. They included Justice Ming Chin of the Supreme Court
of California; Judge Pauline Newman of the U.S. Court of Appeals for the
Federal Circuit in Washington, D.C.; Judge Kathleen MacDonald O’Malley of
the U.S. Court of Appeals for the Federal Circuit; Judge Jed Rakoff of the U.S.
District Court for the Southern District of New York; Channing Robertson,
Ruth G. and William K. Bowes Professor, School of Enginering, and Professor,
Department of Chemical Engineering, Stanford University; Joseph Rodricks,
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Principal, Environ, Arlington, Virginia; Allen Wilcox, Senior Investigator, Insti-
tute of Environmental Health Sciences, Research Triangle Park, North Carolina;
and Sandy Zabell, Professor of Statistics and Mathematics, Weinberg College of
Arts and Sciences, Northwestern University.

Special commendation, however, goes to Anne-Marie Mazza, Director of
the Committee on Science, Technology, and Law, and Joe Cecil of the Federal
Judicial Center. These individuals not only shepherded each chapter and its
revisions through the process, but provided critical advice on content and editing.
They, not we, are the real editors.

Finally, we would like to express our gratitude for the superb assistance of
Steven Kendall and for the diligent work of Guru Madhavan, Sara Maddox, Lillian
Maloy, and Julie Phillips.

JEROME P. KASSIRER AND GLADYS KESSLER
Committee Co-Chairs
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