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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
curiae 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 Foundation and the Starr Foundation, builds on the foundation of the
first two editions, published by the Center. This edition was overseen 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 Friedman. 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 RarpH 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 erroncous 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 is not always met. Feverish competition between researchers
and their parent institutions, fervent publicity secking, 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
(i.e., 1s 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 Rakoft 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

Xvi



Summary Table of Contents

A detailed Table of Contents appears at the front of each chapter.

Introduction, 1
Stephen Breyer

The Admissibility of Expert Testimony, 11
Margaret A. Berger

How Science Works, 37
David Goodstein

Reference Guide on Forensic Identification Expertise, 55
Paul C. Giannelli, Edward J. Imwinkelried, & Joseph L. Peterson

Reference Guide on DNA Identification Evidence, 129
David H. Kaye & George Sensabaugh

Reference Guide on Statistics, 211
David H. Kaye & David A. Freedman

Reference Guide on Multiple Regression, 303
Daniel L. Rubinfeld

Reference Guide on Survey Research, 359
Shari Seidman Diamond

Reference Guide on Estimation of Economic Damages, 425
Mark A. Allen, Robert E. Hall, & Victoria A. Lazear

Reference Guide on Exposure Science, 503
Joseph V. Rodricks

Reference Guide on Epidemiology, 549
Michael D. Green, D. Michal Freedman, & Leon Gordis

Reference Guide on Toxicology, 633
Bernard D. Goldstein & Mary Sue Henifin

Reference Guide on Medical Testimony, 687
John B. Wong, Lawrence O. Gostin, & Oscar A. Cabrera

Reference Guide on Neuroscience, 747
Henry T. Greely & Anthony D. Wagner

Reference Guide on Mental Health Evidence, 813
Paul S. Appelbaum

Reference Guide on Engineering, 897
Channing R. Robertson, John E. Moalli, & David L. Black

Appendix A. Biographical Information of Committee and Staff, 961

xvii






Introduction
STEPHEN BREYER

Stephen Breyer, L.L.B., is Associate Justice of the Supreme Court of the United States.

Portions of this Introduction appear in Stephen Breyer, The Interdependence of Science and Law, 280
Science 537 (1998).



Reference Manual on Scientific Evidence

IN THIS AGE OF SCIENCE, SCIENCE SHOULD EXPECT TO find a warm wel-
come, perhaps a permanent home, in our courtrooms. The reason is a simple
one. The legal disputes before us increasingly involve the principles and tools of
science. Proper resolution of those disputes matters not just to the litigants, but
also to the general public—those who live in our technologically complex society
and whom the law must serve. Our decisions should reflect a proper scientific and
technical understanding so that the law can respond to the needs of the public.

Consider, for example, how often our cases today involve statistics—a tool
familiar to social scientists and economists but, until our own generation, not to
many judges. In 2007, the U.S. Supreme Court heard Zuni Public Schools District
No. 89 v. Department of Education,! in which we were asked to interpret a statis-
tical formula to be used by the U.S. Secretary of Education when determining
whether a state’s public school funding program “equalizes expenditures” among
local school districts. The formula directed the Secretary to “disregard” school
districts with “per-pupil expenditures . . . above the 95th percentile or below the
5th percentile of such expenditures . . . in the State.” The question was whether
the Secretary, in identifying the school districts to be disregarded, could look to
the number of pupils in a district as well as the district’s expenditures per pupil.
Answering that question in the affirmative required us to draw upon technical
definitions of the term “percentile” and to consider five different methods by
which one might calculate the percentile cutoffs.

In another recent Term, the Supreme Court heard two cases involving con-
sideration of statistical evidence. In Hunt v. Cromartie,”> we ruled that summary
judgment was not appropriate in an action brought against various state officials,
challenging a congressional redistricting plan as racially motivated in violation of
the Equal Protection Clause. In determining that disputed material facts existed
regarding the motive of the state legislature in redrawing the redistricting plan, we
placed great weight on a statistical analysis that offered a plausible alternative inter-
pretation that did not involve an improper racial motive. Assessing the plausibility
of this alternative explanation required knowledge of the strength of the statistical
correlation between race and partisanship, understanding of the consequences of
restricting the analysis to a subset of precincts, and understanding of the relation-
ships among alternative measures of partisan support.

In Department of Commerce v. United States House of Representatives,” residents
of a number of states challenged the constitutionality of a plan to use two forms
of statistical sampling in the upcoming decennial census to adjust for expected
“undercounting” of certain identifiable groups. Before examining the constitu-
tional issue, we had to determine if the residents challenging the plan had standing
to sue because of injuries they would be likely to suffer as a result of the sampling

1. 127 S. Ct. 1534 (2007).
2. 119'S. Ct. 1545 (1999).
3. 119'S. Ct. 765 (1999).
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plan. In making this assessment, it was necessary to apply the two sampling strate-
gies to population data in order to predict the changes in congressional apportion-
ment that would most likely occur under each proposed strategy. After resolving
the standing issue, we had to determine if the statistical estimation techniques were
consistent with a federal statute.

In each of these cases, we judges were not asked to become expert statisti-
cians, but we were expected to understand how the statistical analyses worked.
Trial judges today are asked routinely to understand statistics at least as well, and
probably better.

But science is far more than tools, such as statistics. And that “more” increas-
ingly enters directly into the courtroom. The Supreme Court, for example, has
recently decided cases involving basic questions of human liberty, the resolution
of which demanded an understanding of scientific matters. Recently we were
asked to decide whether a state’s method of administering a lethal injection to
condemned inmates constituted cruel and unusual punishment in violation of the
Eighth Amendment.* And in 1997, we were asked to decide whether the Consti-
tution protects a right to physician-assisted suicide.> Underlying the legal questions
in these cases were medical questions: What effect does a certain combination of
drugs, administered in certain doses, have on the human body, and to what extent
can medical technology reduce or eliminate the risk of dying in severe pain? The
medical questions did not determine the answer to the legal questions, but to do
our legal job properly, we needed to develop an informed—although necessarily
approximate—understanding of the science.

Nor were the lethal-injection and “right-to-die” cases unique in this respect.
A different case concerned a criminal defendant who was found to be mentally
competent to stand trial but not mentally competent to represent himself. We
held that a state may insist that such a defendant proceed to trial with counsel.®
Our opinion was grounded in scientific literature suggesting that mental illness
can impair functioning in different ways, and consequently that a defendant may
be competent to stand trial yet unable to carry out the tasks needed to present
his own defense.

The Supreme Court’s docket is only illustrative. Scientific issues permeate
the law. Criminal courts consider the scientific validity of, say, DNA sampling or
voiceprints, or expert predictions of defendants’ “future dangerousness,” which
can lead courts or juries to authorize or withhold the punishment of death. Courts
review the reasonableness of administrative agency conclusions about the safety of
a drug, the risks attending nuclear waste disposal, the leakage potential of a toxic
waste dump, or the risks to wildlife associated with the building of a dam. Patent
law cases can turn almost entirely on an understanding of the underlying technical

4. Baze v. Rees, 128 S. Ct. 1520 (2008).
5. Washington v. Glucksberg, 521 U.S. 702 (1997); Vacco v. Quill, 521 U.S. 793 (1997).
6. Indiana v. Edwards, 128 S. Ct. 2379 (2008).

3



Reference Manual on Scientific Evidence

or scientific subject matter. And, of course, tort law often requires difficult deter-
minations about the risk of death or injury associated with exposure to a chemical
ingredient of a pesticide or other product.

The importance of scientific accuracy in the decision of such cases reaches
well beyond the case itself. A decision wrongly denying compensation in a toxic
substance case, for example, can not only deprive the plaintiff of warranted com-
pensation but also discourage other similarly situated individuals from even trying
to obtain compensation and encourage the continued use of a dangerous substance.
On the other hand, a decision wrongly granting compensation, although of imme-
diate benefit to the plaintiff, can improperly force abandonment of the substance.
Thus, if the decision is wrong, it will improperly deprive the public of what can
be far more important benefits—those surrounding a drug that cures many while
subjecting a few to less serious risk, for example. The upshot is that we must search
for law that reflects an understanding of the relevant underlying science, not for law
that frees companies to cause serious harm or forces them unnecessarily to abandon
the thousands of artificial substances on which modern life depends.

The search is not a search for scientific precision. We cannot hope to inves-
tigate all the subtleties that characterize good scientific work. A judge is not a
scientist, and a courtroom is not a scientific laboratory. But consider the remark
made by the physicist Wolfgang Pauli. After a colleague asked whether a certain
scientific paper was wrong, Pauli replied, “That paper isn’t even good enough
to be wrong!”” Our objective is to avoid legal decisions that reflect that paper’s
so-called science. The law must seck decisions that fall within the boundaries of
scientifically sound knowledge.

Even this more modest objective is sometimes difficult to achieve in practice.
The most obvious reason is that most judges lack the scientific training that might
facilitate the evaluation of scientific claims or the evaluation of expert witnesses
who make such claims. Judges typically are generalists, dealing with cases that can
vary widely in subject matter. Our primary objective is usually process-related:
seeing that a decision is reached fairly and in a timely way. And the decision in a
court of law typically (though not always) focuses on a particular event and specific
individualized evidence.

Furthermore, science itself may be highly uncertain and controversial with
respect to many of the matters that come before the courts. Scientists often express
considerable uncertainty about the dangers of a particular substance. And their
views may differ about many related questions that courts may have to answer.
What, for example, is the relevance to human cancer of studies showing that a
substance causes some cancers, perhaps only a few, in test groups of mice or rats?
What is the significance of extrapolations from toxicity studies involving high
doses to situations where the doses are much smaller? Can lawyers or judges or
anyone else expect scientists always to be certain or always to have uniform views

7. Peter W. Huber, Galileo’s Revenge: Junk Science in the Courtroom 54 (1991).
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with respect to an extrapolation from a large dose to a small one, when the causes
of and mechanisms related to cancer are generally not well known? Many difficult
legal cases fall within this area of scientific uncertainty.

Finally, a court proceeding, such as a trial, is not simply a search for dispas-
sionate truth. The law must be fair. In our country, it must always seck to protect
basic human liberties. One important procedural safeguard, guaranteed by our
Constitution’s Seventh Amendment, is the right to a trial by jury. A number of
innovative techniques have been developed to strengthen the ability of juries to
consider difficult evidence.? Any effort to bring better science into the courtroom
must respect the jury’s constitutionally specified role—even if doing so means that,
from a scientific perspective, an incorrect result is sometimes produced.

Despite the difficulties, I believe there is an increasingly important need for
law to reflect sound science. I remain optimistic about the likelihood that it will
do so. It is common to find cooperation between governmental institutions and
the scientific community where the need for that cooperation is apparent. Today,
as a matter of course, the President works with a science adviser, Congress solicits
advice on the potential dangers of food additives from the National Academy of
Sciences, and scientific regulatory agencies often work with outside scientists, as
well as their own, to develop a product that reflects good science.

The judiciary, too, has begun to look for ways to improve the quality of
the science on which scientifically related judicial determinations will rest. The
Federal Judicial Center is collaborating with the National Academy of Sciences
through the Academy’s Committee on Science, Technology, and Law.” The
Committee brings together on a regular basis knowledgeable scientists, engineers,
judges, attorneys, and corporate and government officials to explore areas of inter-
action and improve communication among the science, engineering, and legal
communities. The Committee is intended to provide a neutral, nonadversarial
forum for promoting understanding, encouraging imaginative approaches to prob-
lem solving, and discussing issues at the intersection of science and law.

In the Supreme Court, as a matter of course, we hear not only from the par-
ties to a case but also from outside groups, which file amicus curiae briefs that help
us to become more informed about the relevant science. In the “right-to-die”
case, for example, we received about 60 such documents from organizations of
doctors, psychologists, nurses, hospice workers, and handicapped persons, among
others. Many discussed pain-control technology, thereby helping us to identify
areas of technical consensus and disagreement. Such briefs help to educate the
justices on potentially relevant technical matters, making us not experts, but
moderately educated laypersons, and that education improves the quality of our
decisions.

8. See generally Jury Trial Innovations (G. Thomas Munsterman et al. eds., 1997).
9. A description of the program can be found at Committee on Science, Technology, and Law,
http://www.nationalacademies.org/stl (last visited Aug. 10, 2011).
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Moreover, our Court has made clear that the law imposes on trial judges the
duty, with respect to scientific evidence, to become evidentiary gatekeepers.'”
The judge, without interfering with the jury’s role as trier of fact, must determine
whether purported scientific evidence is “reliable” and will “assist the trier of
fact,” thereby keeping from juries testimony that, in Pauli’s sense, isn’t even good
enough to be wrong. This requirement extends beyond scientific testimony to all
forms of expert testimony.!!" The purpose of Dauberf's gatekeeping requirement
“is to make certain that an expert, whether basing testimony upon professional
studies or personal experience, employs in the courtroom the same level of intel-
lectual rigor that characterizes the practice of an expert in the relevant field.”!?

Federal trial judges, looking for ways to perform the gatekeeping func-
tion better, increasingly have used case-management techniques such as pretrial
conferences to narrow the scientific issues in dispute, pretrial hearings where
potential experts are subject to examination by the court, and the appointment
of specially trained law clerks or scientific special masters. For example, Judge
Richard Stearns of Massachusetts, acting with the consent of the parties in a
highly technical genetic engineering patent case,'® appointed a Harvard Medical
School professor to serve “as a sounding board for the court to think through
the scientific significance of the evidence” and to “assist the court in determining
the validity of any scientific evidence, hypothesis or theory on which the experts
base their testimony.”!* Judge Robert E. Jones of Oregon appointed experts from
four different fields to help him assess the scientific reliability of expert testimony
in silicone gel breast implant litigation."> Judge Gladys Kessler of the District of
Columbia hired a professor of environmental science at the University of Califor-
nia at Berkeley “to answer the Court’s technical questions regarding the meaning
of terms, phrases, theories and rationales included in or referred to in the briefs
and exhibits” of the parties.'® Judge A. Wallace Tashima of the Ninth Circuit has
described the role of technical advisor as “that of a ... tutor who aids the court
in understanding the jargon and theory’ relevant to the technical aspects of the
evidence.”!

Judge Jack B. Weinstein of New York suggests that courts should some-

3

times “go beyond the experts proffered by the parties” and “appoint indepen-

10. Gen. Elec. Co. v. Joiner, 522 U.S. 136 (1997); Daubert v. Merrell Dow Pharms., Inc., 509
U.S. 579 (1993).

11. Kumbho Tire Co. v. Carmichael, 119 S. Ct. 1167 (1999).

12. Id. at 1176.

13. Biogen, Inc. v. Amgen, Inc., 973 F. Supp. 39 (D. Mass. 1997).

14. MediaCom Corp. v. Rates Tech., Inc., 4 F. Supp. 2d 17 app. B at 37 (D. Mass. 1998)
(quoting the Affidavit of Engagement filed in Biogen, Inc. v. Amgen, Inc., 973 F. Supp. 39 (D. Mass.
1997) (No. 95-10496)).

15. Hall v. Baxter Healthcare Corp., 947 F. Supp. 1387 (D. Or. 1996).

16. Conservation Law Found. v. Evans, 203 F. Supp. 2d 27, 32 (D.D.C. 2002).

17. Ass’n of Mexican-American Educators v. State of California, 231 F.3d 572, 612 (9th Cir.
2000) (en banc) (Tashima, J., dissenting).
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dent experts” as the Federal Rules of Evidence allow.!® Judge Gerald Rosen of
Michigan appointed a University of Michigan Medical School professor to testify
as an expert witness for the court, helping to determine the relevant facts in a
case that challenged a Michigan law prohibiting partial-birth abortions.!” Chief
Judge Robert Pratt of Iowa hired two experts—a professor of insurance and an
actuary—to help him review the fairness of a settlement agreement in a complex
class-action insurance-fraud case.’® And Judge Nancy Gertner of Massachusetts
appointed a professor from Brandeis University to assist the court in assessing a
criminal defendant’s challenge to the racial composition of the jury venire in the
Eastern Division of the District of Massachusetts.?!

In what one observer has described as “the most comprehensive attempt to
incorporate science, as scientists practice it, into law,”?? Judge Sam Pointer, Jr.,
of Alabama appointed a “neutral science panel” of four scientists from different
disciplines to prepare a report and testimony on the scientific basis of claims in sili-
cone gel breast implant product liability cases consolidated as part of a multidistrict
litigation process.?> The panel’s report was cited in numerous decisions exclud-
ing expert testimony that connected silicone gel breast implants with systemic
injury.>* The scientists’ testimony was videotaped and made part of the record
so that judges and jurors could consider it in cases returned to the district courts
from the multidistrict litigation process. The use of such videotape testimony can
result in more consistent decisions across courts, as well as great savings of time
and expense for individual litigants and courts.

These case-management techniques are neutral, in principle favoring neither
plaintiffs nor defendants. When used, they have typically proved successful. None-
theless, judges have not often invoked their rules-provided authority to appoint
their own experts.?> They may hesitate simply because the process is unfamiliar
or because the use of this kind of technique inevitably raises questions. Will use
of an independent expert, in effect, substitute that expert’s judgment for that of
the court? Will it inappropriately deprive the parties of control over the presenta-
tion of the case? Will it improperly intrude on the proper function of the jury?
Where is one to find a truly neutral expert? After all, different experts, in total
honesty, often interpret the same data differently. Will the search for the expert

18. Jack B. Weinstein, Individual Justice in Mass Tort Litigation: The Effect of Class Actions,
Consolidations, and Other Multiparty Devices 116 (1995).

19. Evans v. Kelley, 977 F. Supp. 1283 (E.D. Mich. 1997).

20. Grove v. Principal Mutual Life Ins. Co., 200 FR.D. 434, 443 (S.D. Iowa 2001).

21. United States v. Green, 389 F. Supp. 2d 29, 48 (D. Mass. 2005).

22. Olivia Judson, Slide-Rule Justice, Nat’l J., Oct. 9, 1999, at 2882, 2885.

23. In re Silicone Gel Breast Implant Prod. Liab. Litig., Order 31 (N.D. Ala. filed May 30,
1996) (MDL No. 926).

24. See Laura L. Hooper et al., Assessing Causation in Breast Implant Litigation: The Role of Science
Panels, 64 Law & Contemp. Probs. 139, 181 n.217 (collecting cases).

25. Joe S. Cecil & Thomas E. Willging, Accepting Daubert’s Invitation: Defining a Role for Court-
Appointed Experts in Assessing Scientific Validity, 43 Emory L.J. 995, 1004 (1994).
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create inordinate delay or significantly increase costs? Who will pay the expert?
Judge William Acker, Jr., of Alabama writes:

Unless and until there is a national register of experts on various subjects and a
method by which they can be fairly compensated, the federal amateurs wear-
ing black robes will have to overlook their new gatekeeping function lest they
assume the intolerable burden of becoming experts themselves in every discipline
known to the physical and social sciences, and some as yet unknown but sure
to blossom.2°

A number of scientific and professional organizations have come forward
with proposals to aid the courts in finding skilled experts. The National Confer-
ence of Lawyers and Scientists, a joint committee of the American Association for
the Advancement of Science (AAAS) and the Science and Technology Section
of the American Bar Association, has developed a program to assist federal and
state judges, administrative law judges, and arbitrators in identifying indepen-
dent experts in cases that present technical issues, when the adversarial system is
unlikely to yield the information necessary for a reasoned and principled resolu-
tion of the disputed issues. The program locates experts through professional and
scientific organizations and with the help of a Recruitment and Screening Panel
of scientists, engineers, and health care professionals.?’

The Private Adjudication Center at Duke University—which unfortunately
no longer exists—established a registry of independent scientific and technical
experts who were willing to provide advice to courts or serve as court-appointed
experts.?® Registry services also were available to arbitrators and mediators and
to parties and lawyers who together agreed to engage an independent expert at
the early stages of a dispute. The registry recruited experts primarily from major
academic institutions and conducted targeted searches to find experts with the
qualifications required for particular cases. Registrants were required to adhere to
a code of conduct designed to ensure confidence in their impartiality and integrity.

Among those judges who have thus far experimented with court-appointed
scientific experts, the reaction has been mixed, ranging from enthusiastic to dis-
appointed. The Federal Judicial Center has examined a number of questions
arising from the use of court-appointed experts and, based on interviews with
participants in Judge Pointer’s neutral science panel, has offered lessons to guide
courts in future cases. We need to learn how better to identify impartial experts,
to screen for possible conflicts of interest, and to instruct experts on the scope of

26. Letter from Judge William Acker, Jr., to the Judicial Conference of the United States et al.
(Jan. 2, 1998).

27. Information on the AAAS program can be found at Court Appointed Scientific Experts,
http://www.aaas.org/spp/case/case.htm (last visited Aug. 10, 2011).

28. Letter from Corinne A. Houpt, Registry Project Director, Private Adjudication Center, to
Judge Rya W. Zobel, Director, Federal Judicial Center (Dec. 29, 1998) (on file with the Research
Division of the Federal Judicial Center).
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their duties. Also, we need to know how better to protect the interests of the par-
ties and the experts when such extraordinary procedures are used. We also need to
know how best to prepare a scientist for the sometimes hostile legal environment
that arises during depositions and cross-examination.?’

It would also undoubtedly be helpful to recommend methods for efficiently
educating (i.e., in a few hours) willing scientists in the ways of the courts, just as
it would be helpful to develop training that might better equip judges to under-
stand the ways of science and the ethical, as well as practical and legal, aspects of
scientific testimony.?

In this age of science we must build legal foundations that are sound in sci-
ence as well as in law. Scientists have offered their help. We in the legal com-
munity should accept that offer. We are in the process of doing so. This manual
seeks to open legal institutional channels through which science—its learning,
tools, and principles—may flow more easily and thereby better inform the law.
The manual represents one part of a joint scientific—legal effort that will further
the interests of truth and justice alike.

29. Laura L. Hooper et al., Neutral Science Panels: Two Examples of Panels of Court-Appointed
Experts in the Breast Implants Product Liability Litigation 93-98 (Federal Judicial Center 2001);
Barbara S. Hulka et al., Experience of a Scientific Panel Formed to Advise the Federal Judiciary on Silicone
Breast Implants, 342 New Eng. J. Med. 812 (2000).

30. Gilbert S. Omenn, Enhancing the Role of the Scientific Expert Witness, 102 Envtl. Health Persp.
674 (1994).
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[. Supreme Court Cases

In 1993, the Supreme Court’s opinion in Daubert v. Merrell Dow Pharmaceuticals'
ushered in a new ecra with regard to the admissibility of expert testimony. As
expert testimony has become increasingly essential in a wide variety of litigated
cases, the Daubert opinion has had an enormous impact. If plaintiffs’ expert proof is
excluded on a crucial issue, plaintiffs cannot win and usually cannot even get their
case to a jury. This discussion begins with a brief overview of the Supreme Court’s
three opinions on expert testimony—often called the Daubert trilogy>—and their
impact. It then examines a fourth Supreme Court case that relates to expert testi-
mony, before turning to a variety of issues that judges are called upon to resolve,
particularly when the proffered expert testimony hinges on scientific knowledge.

A. Daubert v. Merrell Dow Pharmaceuticals, Inc.

In the seminal Daubert case, the Court granted certiorari to decide whether the
so-called Frye (or “general acceptance™) test,®> which some federal circuits (and
virtually all state courts) used in determining the admissibility of scientific evi-
dence, had been superseded by the enactment of the Federal Rules of Evidence
in 1973. The Court held unanimously that the Frye test had not survived. Six
justices joined Justice Blackmun in setting forth a new test for admissibility after
concluding that “Rule 702 . . . clearly contemplates some degree of regulation of
the subjects and theories about which an expert may testify.”* While the two other
members of the Court agreed with this conclusion about the role of Rule 702,
they thought that the task of enunciating a new rule for the admissibility of expert
proof should be left to another day.’

The majority opinion in Daubert sets forth a number of major themes that run
throughout the trilogy. First, it recognized the trial judge as the “gatekeeper” who
must screen proffered expert testimony.® Second, the objective of the screening
is to ensure that expert testimony, in order to be admissible, must be “not only
relevant, but reliable.”” Although there was nothing particularly novel about the
Supreme Court finding that a trial judge has the power to make an admissibility
determination—Federal Rules of Evidence 104(a) and 702 pointed to such a
conclusion—and federal trial judges had excluded expert testimony long before

1. 509 U.S. 579 (1993).
2. The other two cases are Gen. Elec. Co. v. Joiner, 522 U.S. 136 (1997) and Kumho Tire Co. v.
Carmichael, 526 U.S. 137 (1999). The disputed issue in all three cases was causation.
3. Frye v. United States, 293 F. 1013 (D.C. Cir. 1923).
4. Daubert, 509 U.S. at 589.
. Id. at 601.
. Id. at 589.
Id.

N ow
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Daubert, the majority opinion in Daubert stated that the trial court has not only
the power but the obligation to act as gatekeeper.®

The Court then considered the meaning of its two-pronged test of relevancy
and reliability in the context of scientific evidence. With regard to relevancy, the
Court explained that expert testimony cannot assist the trier in resolving a factual
dispute, as required by Rule 702, unless the expert’s theory is tied sufficiently to
the facts of the case. “Rule 702’s ‘helpfulness’ standard requires a valid scientific
connection to the pertinent inquiry as a precondition to admissibility.” This
consideration, the Court remarked, “has been aptly described by Judge Becker
as one of ‘fit.””1”

To determine whether proffered scientific testimony or evidence satisfies
the standard of evidentiary reliability,!" a judge must ascertain whether it is
“ground|ed] in the methods and procedures of science.”'> The Court, empha-
713 then

examined the characteristics of scientific methodology and set out a nonexclusive

sizing that “[t]he inquiry envisioned by Rule 702 is . . . a flexible one,

list of four factors that bear on whether a theory or technique has been derived
by the scientific method.'* First and foremost, the Court viewed science as an
empirical endeavor: “[Wlhether [a theory or technique| can be (and has been)
tested” is the “methodology [that] distinguishes science from other fields of human
inquiry.”!®
technique or theory has been subjected to peer review or publication, whether

The Court also mentioned as indicators of good science whether the

the existence of known or potential error rates has been determined, and whether
standards exist for controlling the technique’s operation.!® In addition, although
general acceptance of the methodology within the scientific community is no
longer dispositive, it remains a factor to be considered.!”

The Court did not apply its new test to the eight experts for the plaintiffs
who sought to testify on the basis of in vitro, animal, and epidemiological studies

8. Id.

9. Id. at 591-92.

10. Id. at 591. Judge Becker used this term in discussing the admissibility of expert testimony
about factors that make eyewitness testimony unreliable. See United States v. Downing, 753 F.2d
1224, 1242 (3d Cir. 1985) (on remand court rejected the expert testimony on ground of “fit” because
expert discussed factors such as the high likelihood of inaccurate cross-racial identifications that were
not present in the case) and United States v. Downing, 609 F. Supp. 784, 791-92 (E.D. Pa. 1985),
aff’d, 780 F.2d 1017 (3d Cir. 1985).

11. Commentators have faulted the Court for using the label “reliability” to refer to the concept
that scientists term “validity.” The Court’s choice of language was deliberate. It acknowledged that
scientists typically distinguish between validity and reliability and that “[i]n a case involving scientific
evidence, evidentiary reliability will be based upon scientific validity.” Daubert, 509 U.S. at 590 n.9.

12. Id. at 590.

13. Id. at 594.

14. Id. at 593-94. “[W]e do not presume to set out a definitive checklist or test.” Id. at 593.

15. Id.

16. Id. at 593-94.

17. Id. at 594.
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that the drug Bendectin taken by the plaintiffs’ mothers during pregnancy could
cause or had caused the plaintifts’ birth defects. Instead, it reversed and remanded
the case. Nor did the Court deal with any of the procedural issues raised by the
Daubert opinion, such as the burden, if any, on the party seeking a ruling exclud-
ing expert testimony, or the standard of review on appeal.

The Daubert opinion soon led to Daubert motions followed by Daubert hear-
ings as parties moved in limine to have their opponents’ experts precluded from
testifying at trial for failure to satisfy the new requirements for expert testimony.
The motions raised numerous questions that the Court had not dealt with, some
of which were dealt with in the next two opinions by the Supreme Court.

B. General Electric v. Joiner

In General Electric Co. v. Joiner,'® the second case in the trilogy, certiorari was
granted in order to determine the appropriate standard an appellate court should
apply in reviewing a trial court’s Daubert decision to admit or exclude scientific
expert testimony. In Joiner, the 37-year-old plaintiff, a longtime smoker with a
family history of lung cancer, claimed that exposure to polychlorinated biphenyls
(PCBs) and their derivatives had promoted the development of his small-cell lung
cancer. The trial court applied the Daubert criteria, excluded the opinions of the
plaintiff’s experts, and granted the defendants’ motion for summary judgment.'”
The court of appeals reversed the decision, stating that “[b]ecause the Federal
Rules of Evidence governing expert testimony display a preference for admis-
sibility, we apply a particularly stringent standard of review to the trial judge’s
exclusion of expert testimony.”?"

All the justices joined Chief Justice Rehnquist in holding that abuse of discre-
tion is the correct standard for an appellate court to apply in reviewing a district
court’s evidentiary ruling, regardless of whether the ruling allowed or excluded
expert testimony.?! The Court unequivocally rejected the suggestion that a more
stringent standard is permissible when the ruling, as in joiner, is “outcome deter-
minative” because it resulted in a grant of summary judgment for the defendant
because the plaintiff failed to produce evidence of causation.?? In a concurring
opinion, Justice Breyer urged judges to avail themselves of techniques, such as the
use of court-appointed experts, that would assist them in making determinations

about the admissibility of complex scientific or technical evidence.??

18. 522 U.S. 136 (1997).

19. Joiner v. Gen. Elec. Co., 864 F. Supp. 1310 (N.D. Ga. 1994).

20. Joiner v. Gen. Elec. Co., 78 E.3d 524, 529 (11th Cir. 1996).

21. Gen. Elec. Co. v. Joiner, 522 U.S. at 141-43.

22. Id. at 142-43.

23. Id. at 147-50. This issue is discussed in further detail in Justice Breyer’s introduction to
this manual.
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With the exception of Justice Stevens, who dissented from this part of the
opinion, the justices then did what they had not done in Daubert—they examined
the record, found that the plaintiff’s experts had been properly excluded, and
reversed the court of appeals decision without a remand to the lower court. The
Court concluded that it was within the district court’s discretion to find that the
statements of the plaintiff’s experts with regard to causation were nothing more
than speculation. The Court noted that the plaintiff never explained “how and
why the experts could have extrapolated their opinions”?* from animal studies
far removed from the circumstances of the plaintiff’s exposure.?® It also observed
that the district court could find that the four epidemiological studies the plaintiff
relied on were insufficient as a basis for his experts” opinions.?® Consequently, the
court of appeals had erred in reversing the district court’s determination that the
studies relied on by the plaintiff’s experts “were not sufficient, whether individu-
ally or in combination, to support their conclusions that Joiner’s exposure to PCBs
contributed to his cancer.”?’

The plaintiff in Joiner had argued that the epidemiological studies showed a
link between PCBs and cancer if the results of all the studies were pooled, and
that this weight-of-the-evidence methodology was reliable. Therefore, according
to the plaintiff, the district court erred when it excluded a conclusion based on a
scientifically reliable methodology because it thereby violated the Court’s precept
in Daubert that the “focus, of course, must be solely on principles and methodol-
ogy, not on the conclusions that they generate.”?® The Supreme Court responded
to this argument by stating that

conclusions and methodology are not entirely distinct from one another. Trained
experts commonly extrapolate from existing data. But nothing in either Daubert
or the Federal Rules of Evidence requires a district court to admit opinion evi-
dence which is connected to existing data only by the ipse dixit of the expert. A
court may conclude that there is simply too great an analytical gap between the
data and the opinion proffered.?’

24. Id. at 144.

25. The studies involved infant mice that had massive doses of PCBs injected directly into their
bodies; Joiner was an adult who was exposed to fluids containing far lower concentrations of PCBs.
The infant mice developed a different type of cancer than Joiner did, and no animal studies showed that
adult mice exposed to PCBs developed cancer or that PCBs lead to cancer in other animal species. Id.

26. The authors of the first study of workers at an Italian plant found lung cancer rates among
ex-employees somewhat higher than might have been expected but refused to conclude that PCBs
had caused the excess rate. A second study of workers at a PCB production plant did not find the
somewhat higher incidence of lung cancer deaths to be statistically significant. The third study made
no mention of exposure to PCBs, and the workers in the fourth study who had a significant increase
in lung cancer rates also had been exposed to numerous other potential carcinogens. Id. at 145—46.

27. Id. at 146—47.

28. Id. at 146 (quoting Daubert, 509 U.S. at 595).

29. Id. at 146.
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Justice Stevens, in his partial dissent, assumed that the plaintiff’s expert was
entitled to rely on such a methodology, which he noted is often used in risk assess-
ment, and that a district court that admits expert testimony based on a weight-of-
the-evidence methodology does not abuse its discretion.® Justice Stevens would
have remanded the case for the court below to determine if the trial court had
abused its discretion when it excluded the plaintiff’s experts.!

C. Kumho Tire Co. v. Carmichael

Less than one year after deciding Joiner, the Supreme Court granted certiorari in
Kumbho to decide if the trial judge’s gatekeeping obligation under Daubert applies
only to scientific evidence or if it extends to profters of “technical, or other special-
ized knowledge,” the other categories of expertise recognized in Federal Rule of
Evidence 702. In addition, there was uncertainty about whether disciplines such as
economics, psychology, and other “soft” sciences were governed by this standard;
about when the four factors endorsed in Daubert as indicators of reliability had to
be applied; and how experience factors into the gatekeeping process. Although
Rule 702 specifies that an expert may be qualified through experience, the Court’s
emphasis in Daubert on “testability” suggested that an expert should not be allowed
to base a conclusion solely on experience if the conclusion can easily be tested.

In Kumbho, the plaintiffs brought suit after a tire blew out on a minivan, caus-
ing an accident in which one passenger died and others were seriously injured.
The tire, which was manufactured in 1988, had been installed on the minivan
sometime before it was purchased as a used car by the plaintiffs in 1993. In their
diversity action against the tire’s maker and its distributor, the plaintiffs claimed
that the tire was defective. To support this allegation, the plaintiffs relied primarily
on deposition testimony by an expert in tire-failure analysis, who concluded on
the basis of a visual inspection of the tire that the blowout was caused by a defect
in the tire’s manufacture or design.

When the defendants moved to exclude the plaintiffs’ expert, the district
court agreed with the defendants that the Daubert gatekeeping obligation applied
not only to scientific knowledge but also to “technical analyses.”3?> The district
court excluded the plaintiffs’ expert and granted summary judgment. Although
the court conceded on a rehearing that it had erred in treating the four factors dis-
cussed in Daubert as mandatory, it adhered to its original determination because the
court simply found the Daubert factors appropriate, analyzed them, and discerned
no competing criteria sufficiently strong to outweigh them.?

30. Id. at 153-54.

31. Id. at 150-51.

32. Carmichael v. Samyang Tire, Inc., 923 F. Supp. 1514, 1522 (S.D. Ala. 1996), rev’d, 131
F.3d 1433 (11th Cir. 1997), rev’d sub nom. Kumho Tire Co. v. Carmichael, 526 U.S. 137 (1999).

33. Id. at 1522, 1524.
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The Eleventh Circuit reversed the district court’s decision in Kumho, holding,
as a matter of law under a de novo standard of review, that Daubert applies only
to scientific opinions.** The court of appeals drew a distinction between expert
testimony that relies on the application of scientific theories or principles—which
would be subject to a Daubert analysis—and testimony that is based on the expert’s
“skill- or experience-based observation.”*®> The court then found that the testi-
mony proffered by plaintiff was “non-scientific” and that “the district court erred

as a matter of law by applying Daubert in this case.”3°

The circuit court agreed that
the trial court has a gatekeeping obligation; its quarrel with the district court was
with that court’s assumption that Daubert’s four factors had to be applied.

All of the justices of the Supreme Court, in an opinion by Justice Breyer, held
that the trial court’s gatekeeping obligation extends to all expert testimony,*” and
unanimously rejected the Eleventh Circuit’s dichotomy between the expert who
“relies on the application of scientific principles” and the expert who relies on
“skill- or experience-based observation.”?® The Court noted that Federal Rule of
Evidence 702 “makes no relevant distinction between ‘scientific’ knowledge and
and “applies its reliability standard
to all . . . matters within its scope.”?® Furthermore, said the Court, “no clear line”

s

‘technical’ or ‘other specialized’ knowledge,’

can be drawn between the different kinds of knowledge, and “no one denies that
an expert might draw a conclusion from a set of observations based on extensive
and specialized experience.”*

The Court also unanimously found that the court of appeals had erred when
it used a de novo standard, instead of the Joiner abuse-of-discretion standard, to
determine that Daubert’s criteria were not reasonable measures of the reliability
of the expert’s testimony.*' As in Joiner, and again over the dissent of Justice
Stevens,*? the Court then examined the record and concluded that the trial court
had not abused its discretion when it excluded the testimony of the witness.
Accordingly, it reversed the opinion of the Eleventh Circuit.

The opinion adopts a flexible approach that stresses the importance of iden-
tifying “the particular circumstances of the particular case at issue.”*® The court
must then make sure that the proffered expert will observe the same standard of
“intellectual rigor” in testifying as he or she would employ when dealing with

similar matters outside the courtroom.**

34. Carmichael v. Samyang Tire, Inc., 131 E3d 1433, 1435 (11th Cir. 1997).
35. 1d.

36. Id. at 1436 (footnotes omitted).

37. Kumho Tire Co. v. Carmichael, 526 U.S. 137 (1999).
38. Id. at 151.

39. Id. at 148.

40. Id. at 156.

41. Id. at 152.

42. Id. at 158.

43. Id. at 150.

44. Id. at 152.
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How this extremely flexible approach of the Court is to be applied emerges in
Part III of the opinion when the Court engages in a remarkably detailed analysis
of the record that illustrates its comment in Joiner that an expert must account for
“how and why” he or she reached the challenged opinion.*?

The Court illustrated the application of this standard to the facts of the case

and its deference to the district court findings as follows:

After examining the transcript in some detail, and after considering respondents’
defense of Carlson’s methodology, the District Court determined that Carlson’s
testimony was not reliable. It fell outside the range where experts might rea-
sonably differ, and where the jury must decide among the conflicting views of
different experts, even though the evidence is shaky. In our view, the doubts
that triggered the District Court’s initial inquiry here were reasonable, as was the

court’s ultimate conclusion.*®

Although Kumho is the most recent pronouncement by the Supreme Court
on how to determine whether proffered testimony by an expert is admissible,
and Rule 702 of the Federal Rules of Evidence was amended in 2000 to provide
“some general standards that the trial court must use to assess the reliability and
helpfulness of proffered expert testimony,” it is still Daubert that trial courts cite
and rely on most frequently when ruling on a motion to preclude expert testi-
mony.*” Even though Daubert interprets a federal rule of evidence, and rules of
evidence are designed to operate at trial, Daubert’s greatest impact has been pre-
trial: If plaintiff’s experts can be excluded from testifying about an issue crucial to
plaintiff’s case, the litigation may end with summary judgment for the defendant.
Furthermore, although summary judgment grants are reviewed de novo by an
appellate court, there is nothing to review if plaintiff failed to submit admissible
evidence on a material issue. Consequently, only the less stringent abuse-of-
discretion standard will apply, and there will be less chance for a reversal on appeal.

D. Weisgram v. Marley

Plaintiff is entitled to only one chance to select an expert who can withstand a
Daubert motion. In a fourth Supreme Court case, Weisgram v. Marley,*® the district
court ruled for plaintiffs on a Daubert motion and the plaintiffs won a jury verdict.
On appeal, the circuit court found that, despite the abuse-of-discretion standard,
plaintiff’s experts should have been excluded and granted judgment as a matter
of law for the defendants. Plaintiffs argued that they now had the right to a new
trial at which they could introduce more expert testimony. The Supreme Court

45. Gen. Elec. Co v. Joiner, 522 U.S. 136, 144 (1997).
46. Kumho Tire Co. v. Carmichael, 526 U.S. at 153.
47. A search of federal cases on Westlaw after Kumho was decided indicates that the Daubert

decision has been cited more than twice as often as the Kumho decision.
48. 528 U.S. 440 (2000).
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granted certiorari limited to the new trial issue (it did not review the Daubert
determination) but refused to grant a new trial. Justice Ginsberg explained:

Since Daubert, moreover, parties relying on expert testimony have had notice of
the exacting standards of reliability such evidence must meet. . . . It is implau-
sible to suggest, post-Daubert, that parties will initially present less than their best
expert evidence in the expectation of a second chance should their first trial fail. *

Weisgram causes tactical problems for plaintiffs about how much to spend
for expert testimony. Should they pay for additional expensive expert testimony
even though they think the district court would rule in their favor on a Daubert
motion, or is the risk of a reversal on Daubert grounds and a consequent judgment
for the defendant too great despite the abuse-of-discretion standard? Weisgram
may indeed push plaintiffs to bring the very best expertise into litigation—a
stated goal of the trilogy, but it may also make it difficult to litigate legitimate
claims because of the cost of expert testimony. Is access to the federal courts less
important than regulating the admissibility of expert testimony? Even if plaintiffs
successfully withstand a Daubert motion, that does not guarantee they will win
were the case to be tried. But very few cases now go to trial, and an inability by
the defendant to exclude plaintiffs’ experts undoubtedly affects the willingness
of the defendant to negotiate a settlement.

[I. Interpreting Daubert

Although almost 20 years have passed since Daubert was decided, a number of
basic interpretive issues remain.

A. Atomization

When there is a Daubert challenge to an expert, should the court look at all the
studies on which the expert relies for their collective effect or should the court
examine the reliability of each study independently? The issue arises with proof of
causation in toxic tort cases when plaintiff’s expert relies on studies from different
scientific disciplines, or studies within a discipline that present different strengths
and weaknesses, in concluding that defendant’s product caused plaintift’s adverse
health effects. Courts rarely discuss this issue explicitly, but some appear to look
at each study separately and give no consideration to those studies that cannot
alone prove causation.

Although some use the language in Joiner as the basis for this slicing-and-dic-
ing approach,® scientific inference typically requires consideration of numerous

49. 528 U.S. at 445 (internal citations omitted).
50. See discussion, supra notes 28-31 and related text.
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findings, which, when considered alone, may not individually prove the conten-
tion.>! It appears that many of the most well-respected and prestigious scientific
bodies (such as the International Agency for Research on Cancer (IARC), the
Institute of Medicine, the National Research Council, and the National Institute
for Environmental Health Sciences) consider all the relevant available scientific
evidence, taken as a whole, to determine which conclusion or hypothesis regard-
ing a causal claim is best supported by the body of evidence. In applying the scien-
tific method, scientists do not review cach scientific study individually for whether
by itself it reliably supports the causal claim being advocated or opposed. Rather,
as the Institute of Medicine and National Research Council noted, “summing,
or synthesizing, data addressing different linkages [between kinds of data] forms a
more complete causal evidence model and can provide the biological plausibility
needed to establish the association” being advocated or opposed.>® The IARC has
concluded that “[t]he final overall evaluation is a matter of scientific judgment
reflecting the weight of the evidence derived from studies in humans, studies in

experimental animals, and mechanistic and other relevant data.”>?

B. Conflating Admissibility with Sufficiency

In Daubert, Justice Blackmun’s opinion explicitly acknowledges that in some cases
admissible evidence may not suftice to support a verdict in favor of plaintiffs. In
other words, it seems to recognize that the admissibility determination comes first
and is separate from the sufficiency determination. But in Joiner the Court pays
little attention to this distinction and suggests that plaintiff’s expert testimony may
be excluded if the evidence on which he secks to rely is itself deemed insufficient.

But what difference does it make if sufficiency is conflated with admissibility?>*
After all, the case’s final outcome will be the same. As Daubert recognizes, the trial
judge’s authority to decide whether the plaintiff has produced sufficient evidence
to withstand a dispositive motion under Rule 56 or 50 is indisputable; a one-step
process that considers sufficiency when adjudicating a Daubert motion is arguably

51. See e.g., Susan Haack, An Epistemologist in the Bramble-Bush: At the Supreme Court with
M. Joiner, 26 ]. Health Pol. Pol'y & L. 217-37 (1999) (discussing the individual studies that lead to
the compelling inference of a double-helical structure of a DNA molecule, which, when considered
separately, fail to compel that inference). See also Milward v. Acuity Specialty Products Group, Inc.,
F.3d _, 2011 WL 982385, *10 639 E.3d 11, 26 (1st Cir. 2011) (reversing the district court’s exclusion
of expert testimony based on an assessment of the direct causal effect of the individual studies, finding
that the “weight of the evidence” properly supported the expert’s opinion that exposure to benzene
can cause acute promyelocytic leukemia).

52. Institute of Medicine and National Research Council, Dietary Supplements: A Framework
for Evaluating Safety 262 (2005).

53. Vincent J. Cogliano et al., The Science and Practice of Carcinogen Identification and Evaluation,
112 Envtl. Health Persp. 1272 (2004).

54. The distinction between admissibility and sufficiency is also discussed in Michael D. Green
et al., Reference Guide on Epidemiology, Section VII, in this manual.
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more efficient than a two-step process that requires the district judge to analyze
admissibility before it can turn to sufficiency.

There are, however, consequences to conflating admissibility and sufficiency.
The de novo standard of review that ordinarily applies to judgments as a matter of
law following a determination of insufficient evidence is converted into the lower
abuse-of-discretion standard that governs evidentiary rulings on admissibility, and
thereby undermines the jury trial mandate of the Seventh Amendment. Science
proceeds by cumulating and synthesizing evidence until there is enough for a new
paradigm. That does not mean that every study meets the most rigorous scientific
standards. Judgment is required in determining which inferences are appropriate,
but an approach that encourages looking at studies sequentially rather than holisti-
cally has costs that must be considered.

C. Credibility

Daubert and the expense of litigation make it difficult for courts to hew to the line
that assigns credibility issues to the jury rather than the court. One troublesome
area is conflicts of interest. To what extent should a court permit the plaintift to
inquire into the defense expert’s relationship with the defendant? If the expert
testified at trial, information that could have skewed the expert’s testimony could
be brought to the attention of the jury through cross-examination or extrinsic
evidence. Impeachment by bias suffers from fewer constraints than other forms
of impeachment.> But suppose the defendant seeks through a Daubert challenge
to exclude the plaintiff’s expert witness as relying on unreliable evidence to show
causation in a toxic tort action. The defendant supports its argument with testi-
mony by an academic from a highly respected institution whose research shows
that the defendant’s product is safe. Should the court permit the plaintift to inquire
whether the expert was on the payroll of the defendant corporation, or attended
conferences paid for by the defendant, or received gifts from the defendant? What
about corporate employees ghostwriting reports about their products that are then
submitted in someone else’s name? Other ties that an expert may have to industry
have also been reported: royalties, stock ownership, working in an institution that
receives considerable funding from the defendant. These are all practices that have
been reported in the media and are practices that the plaintiff would like to ques-
tion the expert about under oath.>® A court is unlikely to allow a wide-ranging

55. See United States v. Abel, 469 U.S. 45, 50 (1984) (explaining that “proof of bias is almost
always relevant because the jury, as finder of fact and weigher of credibility, has historically been
entitled to assess all evidence which might bear on the accuracy and truth of a witness’ testimony”).

56. See, e.g., In re Welding Fume Products, 534 F. Supp. 2d 761, 764 (N.D. Ohio 2008)
(requiring all parties to the litigation to “disclose the fact of, and the amounts of, payments they made,
either directly or indirectly, to any entity (whether an individual or organization) that has authored
or published any study, article, treatise, or other text upon which any expert in this MDL litigation
relies, or has relied”).
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fishing expedition if the plaintiff has no proof that the defense expert engaged in
such behavior. But even if the plaintift has extrinsic evidence available that points
to conflicts of interest on the part of the expert, how should a court assess this
information in ruling on the admissibility of plaintiff’s experts? Is this a credibility
determination? Should allegations about conflicts be resolved by the judge at an
in limine hearing, or should the plaintiff’s expert be permitted to testify so that
this issue can be explored at trial?

Another troublesome issue about credibility arises when an expert seeks to
base an opinion on controverted evidence in the case. May the court exclude the
expert’s opinion on a Daubert motion if it finds that the expert’s model did not
incorporate the appropriate data that fit the facts of the case, or is this an issue
for the jury?>’

Does the court avoid a credibility determination if it finds that the expert is
qualified but the court disagrees with the theory on which the expert is relying?
In Kochert v. Greater Lafayette Health Serv. Inc.,® a complex antitrust case, the court
held that the trial court properly excluded the plaintiff’s economic experts on the
ground that the plaintiff’s antitrust theory was based on the wrong legal standard
after ruling for the plaintift on Daubert challenges.

1. Applying Daubert

Application of Daubert raises a number of persistent issues, many of which relate
to proof of causation. The three cases in the trilogy and Weisgram all turned on
questions of causation, and the plaintiffs in each of the cases ultimately lost because
they failed to introduce admissible expert testimony on this issue.

Causation questions have been particularly troubling in cases in which plain-
tiffs allege that the adverse health effects for which they seek damages are a result
of exposure to the defendant’s product.

A. Is the Expert Qualified?

As a threshold matter, the witness must be qualified as an expert to present
expert opinion testimony. An expert needs more than proper credentials, whether
grounded in “skill, experience, training or education” as set forth in Rule 702 of
the Federal Rules of Evidence. A proposed expert must also have “knowledge.”

57. Compare Consol. Insured Benefits, Inc. v. Conseco Med. Ins. Co., No. 03-cv-3211, 2006
WL 3423891 (D.S.C. 2006) (fraud case; Daubert motion to exclude plaintiff’s expert economist’s testi-
mony on damages; court finds that testimony question of weight, not admissibility) with Concord Boat
Corp. v. Brunswick Corp., 207 F.3d 1039, 1055-56 (8th Cir. 2000) (excluding expert’s testimony as
“mere speculation” that ignored inconvenient evidence).

58. 463 F.3d 710 (7th Cir. 2006).
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For example, an expert who seeks to testify about the findings of epidemiological
studies must be knowledgeable about the results of the studies and must take into
account those studies that reach conclusions contrary to the position the expert
secks to advocate.

B. Assessing the Scientific Foundation of Studies from Different
Disciplines

Expert opinion is typically based on multiple studies, and those studies may come
from different scientific disciplines. Some courts have explicitly stated that certain
types of evidence proffered to prove causation have no probative value and there-
fore cannot be reliable.>® Opinions based on animal studies have been rejected
because of reservations about extrapolating from animals to humans or because the
plaintiff’s extrapolated dose was lower than the animals’—which is invariably the
case because one would have to study unmanageable, gigantic numbers of animals
to see results if animals were not given high doses. The field of toxicology, which,
unlike epidemiology, is an experimental science, is rapidly evolving, and prior case
law regarding such studies may not take into account important new developments.

But even when there are epidemiological studies, a court may conclude that
they cannot prove causation because they are not conclusive and therefore unreli-
able. And if they are unreliable, they cannot be combined with other evidence.®

Experts will often rely on multiple studies, each of which has some probative
value but, when considered separately, cannot prove general causation.

As noted above, trial judges have great discretion under Daubert and a court
is free to choose an atomistic approach that evaluates the available studies one by
one. Some judges have found this practice contrary to that of scientists who look
at knowledge incrementally.®! But there are no hard-and-fast scientific rules for
synthesizing evidence, and most research can be critiqued on a variety of grounds.

59. See, e.g., In re Rezulin, 2004 WL 2884327, at *3 (S.D.N.Y. 2004); Cloud v. Pfizer Inc.,
198 F. Supp. 2d 1118, 1133 (D. Ariz. 2001) (stating that case reports were merely compilations of
occurrences and have been rejected as reliable scientific evidence supporting an expert opinion that
Daubert requires); Haggerty v. Upjohn Co., 950 F. Supp. 1160, 1164 (S.D. Fla. 1996), aff’d, 158 F.3d
588 (11th Cir. 1998) (“scientifically valid cause and effect determinations depend on controlled clinical
trials and epidemiological studies”); Wade-Greaux v. Whitehall Labs., Inc., 874 F. Supp. 1441, 1454
(D.V.I. 1994), aff’d, 46 F.3d 1120 (3d Cir. 1994) (stating there is a need for consistent epidemiological
studies showing statistically significant increased risks).

60. See Hollander v. Sandoz Pharm. Corp., 289 F.3d 1193, 1216 n.21 (10th Cir. 2002) (“To sug-
gest that those individual categories of evidence deemed unreliable by the district court may be added to
form a reliable theory would be to abandon ‘the level of intellectual rigor of the expert in the field.””).

61. See, e.g., In re Ephedra, 393 F. Supp. 2d 181, 190 (S.D.N.Y. 2005) (allowing scientific expert
testimony regarding “‘a confluence of suggestive, though non-definitive, scientific studies [that] make[s]
it more-probable-than-not that a particular substance . . . contributed to a particular result. . . .”; after
a two-week Daubert hearing in a case in which there would never be epidemiological evidence, the
court concluded that some of plaintifts” experts could testify on the basis of animal studies, analogous
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Few studies are flawless. Epidemiology is vulnerable to attack because of problems
with confounders and bias. Furthermore, epidemiological studies are grounded
in statistical models. What role should statistical significance play in assessing the
value of a study? Epidemiological studies that are not conclusive but show some
increased risk do not prove a lack of causation. Some courts find that they there-
fore have some probative value,®? at least in proving general causation.®

Even, however, if plaintiffs convince the trial judge that their experts relied
on reliable and relevant evidence in establishing general causation, that is, in opin-
ing that the defendant’s product can cause the adverse effects for which plaintiffs
seek compensation, plaintiffs must also present admissible expert testimony that
the defendant’s product caused their specific injuries. For example, in the Zyprexa
litigation,®* the court found that plaintiffs’ expert’s conclusion that Zyprexa may
cause excessive weight gain leading to diabetes was well supported, but the expert’s
assertion that Zyprexa had a direct adverse effect on cells essential to the produc-
tion of insulin by the body in cases in which there was no documented weight
gain lacked scientific support. The record demonstrates that the expert’s opinions
relied on a subjective methodology, a fast-and-loose application of his scientific
theories to the facts, and conclusion-driven assessments on the issues of causation
in the cases on which he proposed to testify. He was not allowed to testify because
his opinions were neither “based upon sufficient facts or data,” nor were they “the
product of reliable principles and methods,” and he had not “applied the principles
and methods reliably to the facts of the case.”®®

Courts handling Daubert motions sometimes sound as though only one pos-
sible answer is legitimate. If scientists seeking to testify for opposing sides disagree,
some courts conclude that one side must be wrong.°® The possibility that both
sides are offering valid scientific inferences is rarely recognized, even though this
happens often in the world of science.

As noted above, district courts have great discretion in deciding how to pro-
ceed when faced with evidence from different scientific disciplines and presenting
different degrees of scientific rigor. In assessing the proffered testimony of the

human studies, plausible theories of the mechanisms involved, etc.); Milward v. Acuity Specialty Prods.
Group, Inc., 639 F.3d 11 (Ist Cir. 2011).

62. See Cook v. Rockwell Int’l Corp., 580 F. Supp. 2d 1071 (D. Colo. 2006) (discussing why
the court excluded expert’s testimony, even though his epidemiological study did not produce statisti-
cally significant results).

63. In re Viagra Prods., 572 F. Supp. 2d 1071 (D. Minn. 2008) (extensive review of all expert
evidence proffered in multidistricted product liability case).

64. See In re Zyprexa Prods., 2009 WL 1357236 (E.D.N.Y. May 12, 2009) (providing citations
to opinions dealing with Daubert rulings and summary judgment motions in the Zyprexa litigation).

65. See Fed. R. Evid. 702; ¢f. Gen. Elec. Co. v. Joiner, 522 U.S. 136, 146 (opinion that “is con-
nected to existing data only by the ipse dixit of the expert” need not be admitted).

66. See Soldo v. Sandoz Pharm. Corp., 2003 WL 22005007 (W.D. Pa. 2003) (stating that court
appointed three experts to assist it pursuant to Fed. R. Evid. 706 and then rejected opinion express-

ing minority view).
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expert in light of the studies on which the testimony is based, courts may choose

to limit the opinion that the expert would be allowed to express if the case went

1.67

to trial.®” Given the expense of trials, the paucity of trials, and the uncertainty

about how jurors would evaluate such testimony, limiting an expert’s opinion
may lead to settlements.®®

The abuse-of-discretion standard may lead to inconsistent results in how
courts handle proof of causation. There can be inconsistencies even within cir-
cuits when district judges disagree on whether plaintiffs’ experts have met their
burden of proof.?

C. How Should the Courts Assess Exposure?

Another difficulty in proving causation in toxic tort cases is that plaintiff must
establish that he or she was exposed to defendant’s product. Obviously this is not a

problem with prescription drugs, but in other types of cases, such as environmen-

tal torts, establishing exposure and the extent of the exposure can be difficult.””

Although exact data on exposure need not be required, an expert should, how-

ever, be able to provide reasonable explanations for his or her conclusions about

the amount of exposure and that it sufficed to cause plaintiffs” injuries.”!

67 See, e.g., In re Ephedra, 393 F. Supp. 2d 181 (S.D.N.Y. 2005) (stating that qualified experts
may testify to a reliable basis for believing that ephedra may contribute to cardiac injury and strokes in
persons with high blood pressure, certain serious heart conditions, or a genetic sensitivity to ephedra;
experts would have to acknowledge that none of this has been the subject of definitive studies and
may yet be disproved).

68. But f. Giles v. Wyeth, 556 F.3d 596 (7th Cir. 2009) (plaintiff won Daubert challenge but
lost at trial).

69. Compare Bonner v. ISP Techs., Inc., 259 E.3d 924 (8th Cir. 2001) (affirming jury verdict
that exposure to solvent caused plaintiff’s psychological and cognitive impairment and Parkinsonian
symptoms; defendant argued that expert’s opinion based on case reports, animal studies, structural
analysis studies should have been excluded on Daubert grounds; the court stated: “The first several
victims of a new toxic tort should not be barred from having their day in court simply because the
medical literature, which will eventually show the connection between the victims’ condition and the
toxic substance, has not yet been completed.”) with Glastetter v. Novartis Pharm. Corp., 107 F. Supp.
2d 1015 (E.D. Mo. 2000), aff’d per curiam, 252 F.3d 986 (8th Cir. 2001) (plaintift claimed that drug she
had taken for lactation suppression had caused her stroke; trial court held that Daubert precluded experts
from finding causation on the basis of case reports, animal studies, human dechallenge/rechallenge
data, internal documents from defendant, and Food and Drug Administration’s revocation of drug for
lactation suppression; appellate court stated: “We do not discount the possibility that stronger evidence
of causation exists, or that, in the future, physicians will demonstrate to a degree of medical certainty
that Parlodel can cause ICHs. Such evidence has not been presented in this case, however, and we
have no basis for concluding that the district court abused its discretion in excluding Glastetter’s expert
evidence.” Id. at 992.

70. Issues involving assessment of exposure are discussed in Joseph V. Rodricks, Reference
Guide on Exposure Science, in this manual.

71. Anderson v. Hess Corp., 592 F. Supp. 2d 1174, 1178 (D.N.D. 2009) (“[A] plaintiff [in a
toxic tort case] is not required to produce a mathematically precise table equating levels of exposure
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Suppose, for example, that plaintift alleges that her unborn child suffered
injuries when her room was sprayed with an insecticide. Plaintiff’s expert is pre-
pared to testify that she relied on another expert’s opinion that the insecticide can
cause harm of the sort suffered by the child and that academic studies have found
injuries when less than the amount sprayed in this case was used. But the expert
who offered this opinion reached this conclusion without considering the size of
the house, or the area treated, or how it was applied, or the amount applied to
the outside of the house. And no one had measured this substance in the mother.
Consequently, the court found that plaintiff had not provided adequate proof of
exposure.’?

A recent case that illustrates the complex problems that arise with exposure
issues is Henricksen v. ConocoPhilips Co.”® In Henricksen, the plaintiff who drove a
gasoline tanker truck for 30 years alleged that his acute myelogenous leukemia
(AML) was caused by his occupational exposure to benzene, a component of gaso-
line. Although some studies show that AML, or at least some forms of AML, may
be caused by exposure to benzene, the same is not true with regard to gasoline.
The court rejected testimony by plaintiff’s experts that sought to link the exposure
to the benzene in the gasoline to plaintiff’s claim. There were numerous problems:
Did plaintiff manifest symptoms typical of AML that was chemically induced and
not idiopathic? How could one calculate how much benzene plaintift would have
been exposed to considering how many hours he worked and how the gasoline
was delivered? How much benzene exposure is required to support the conclu-
sion that general causation has been established? Each of these issues is discussed
in considerable detail, suggesting that the studies that would logically be needed
to conclude that the alleged exposure can be linked to causation may simply not
have been done. Because the plaintiff bears the burden of proof, this means that
plaintift’s experts often will be excluded.

IV. Forensic Science

To date, Daubert has rarely been raised in the forensic context, but this may be
about to change.” We do not know as yet what shifts may occur in response to
the National Academies’ highly critical report on the forensic sciences.”> We do
know that the report played a role in the Supreme Court’s opinion in Melendez-

with levels of harm—plaintiff must only produce evidence from which a reasonable person could
conclude that the defendant’s emissions probably caused the plaintiff’s harms.”).

72. Junk v. Terminix Int’l. Co., 594 F. Supp. 2d 1062 (S.D. Iowa 2008).

73. 605 F. Supp. 2d 1142 (E.D. Wash. 2009).

74. These issues are discussed at greater length in Paul C. Giannelli et al., Reference Guide on
Forensic Identification Expertise, in this manual.

75. National Research Council, Strengthening Forensic Science in the United States: A Path
Forward (2009).
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Diaz v. Massachusetts’®

concerning the application of the Confrontation Clause to
expert forensic testimony. But it will take some time to understand the repercus-
sions this opinion will cause in the criminal justice system.

Even aside from this constitutional development and in the absence of con-
gressional or other institutional action, the extensive coverage of the National
Academies’ report by the media and academia may bring about change. Further-
more, analysts of the more than 200 DNA exonerations to date claim that in more
than 50% of the cases, invalid, or improperly conducted, or misleadingly inter-
preted forensic science contributed to the wrongful convictions.”” The seriousness
of these mistakes is aggravated because some of the inmates were on death row.
These developments may affect judicial approaches to opinions offered by pros-
ecution experts. Also, as judges write more sharply focused opinions in civil cases,
the very different approach they use in criminal cases stands out in vivid contrast.
Supposedly, the federal rules are trans-substantive, and it is certainly arguable that
errors that bear on life and liberty should weigh more heavily than errors in civil
cases concerned primarily with money.

To date, however, few prosecution experts have been excluded as witnesses
in criminal prosecutions.”® Usually judges have allowed them to testify or, at most,
have curtailed some of the conclusions that prosecution experts sought to offer.””
However, there are a number of issues in forensic sciences that may become the
object of Daubert challenges.

A. Validity

As the discussion in Chapter 5 of the National Academies’ report recounts, foren-
sic fields vary considerably with regard to the quantity and quality of research done
to substantiate that a given technique is capable of making reliable individualized

76. 129 S. Ct. 2527, 2536 (2009).

77. The Innocence Project, available at www.innocenceproject.org.

78. See Maryland v. Rose, Case No. K06-0545 at 31 (Balt. County Cir. Ct. Oct. 19, 2007)
(excluding fingerprint evidence in a death penalty case as a “subjective, untested, unverifiable identi-
fication procedure that purports to be infallible”).

79. See, e.g., United States v. Green, 405 F. Supp. 2d 104 (D. Mass. 2005) (explaining that an
expert would be permitted to describe similarities between shell casings but prohibited from testifying
to match; Judge Gertner acknowledged that toolmark identification testimony should be excluded
under Daubert, but that every single court post-Daubert admitted the testimony); United States v.
Glynn, 578 F. Supp. 2d 567 (S.D.N.Y. 2008) (explaining that testimony linking bullet and casings
to the defendant was inadmissible under Daubert, but testimony that the evidence was “more likely
than not” from the firearm was admissible under Federal Rule of Evidence 401); United States v.
Rutherford, 104 F. Supp. 2d 1190, 1193 (D. Neb. 2000) (handwriting experts permitted to testify to
similarities between sample from defendant and document in question but not permitted to conclude
that defendant was the author). See United States v. Rutherford, 104 F. Supp. 2d 1190, 1193 (D. Neb.
2000); United States v. Hines, 55 F. Supp. 2d 530 (D. Md. 2002).
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identifications. Non-DNA forensic techniques often turn on subjective analyses.?

But making Daubert objections in these fields requires defense counsel to under-
stand in detail how the particular technique works, as well as to be knowledgeable

about the scientific method and statistical issues.8!

B. Proficiency

Non-DNA forensic techniques often rely on subjective judgments, and the profi-
ciency of the expert to make such judgments may become the focus of a Daubert
challenge. In theory, proficiency tests could determine whether well-trained
experts in those fields can reach results with low error rates. In practice, however,
there are numerous obstacles to such tests. Sophisticated proficiency tests are dif-
ficult and expensive to design. If the tests are too easy, the results will not assess the
ability of examiners to draw correct conclusions when forensic evidence presents
a difficult challenge in identifying a specific individual or source.’? Furthermore,
in many jurisdictions, forensic examiners are not independent of law enforcement
agencies and/or prosecutors’ offices and can often obtain information about a
proficiency testing program through those sources.

C. Malfunctioning Laboratories

Numerous problems have been identified in crime laboratories ranging from uncer-
tified laboratory professionals and unaccredited laboratories performing incom-
petent work to acts of deliberate fraud, such as providing falsified results from
tests that were never done.®® Although outright fraud may be rare, unintended
inaccurate results that stem from inadequate supervision, training, and record
keeping, failure to prevent contamination, and failure to follow proper statistical
procedures can have devastating effects. Evidence that a laboratory has engaged in
such practices should certainly lead to Daubert challenges for lack of reliability, but
this requires that such investigations be undertaken and the defense have access to
the results. Whether courts can be persuaded to almost automatically reject labora-
tory results in the absence of proper accreditation of laboratories and certification

80. See National Research Council, supra note 75, at 133.

81. Specific forensic science techniques are discussed in Paul C. Giannelli et al., Reference
Guide on Forensic Identification Expertise, Sections V=X, in this manual.

82. United States v. Llera Plaza, 188 F. Supp. 2d 549 (E.D. Pa. 2002) (court acknowledged
that defense raised real questions about the adequacy of proficiency tests taken by FBI fingerprint
examiners but concluded that fingerprint testimony satisfied Daubert in part because no examples were
shown of erroneous identifications by FBI examiners). An erroneous FBI identification was made in
the Brandon Mayfield case discussed in the introduction to Strengthening Forensic Science in the United
States, supra note 75, at 45—46.

83. See National Research Council, supra note 75, at 183-215 and Paul C. Giannelli et al.,

Reference Guide on Forensic Identification Expertise, Section IV, in this manual.
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of forensic practitioners remains to be seen. Laboratory techniques, such as drug
analyses, that do not suffer from the same uncertainties regarding validity as the
forensic identification techniques can, of course, also produce erroncous results if
the laboratory is failing to follow proper procedures.

D. Interpretation

Forensic techniques that rest on subjective judgments are susceptible to cognitive
biases.?* We have seen instances of contextual bias, but as yet there has been little
research on contextual or other types of cognitive bias. We do not yet know
whether courts will consider this type of evidence when expertise is challenged.

E. Testimony

Defense counsel may of course object to testimony that a prosecution expert secks
to give. When the prosecution relies on a subjective identification technique,
lawyers for the defense should attempt to clarify what “match” means if the expert
uses this terminology and to explain to the jury that studies to date do not per-
mit conclusions about individualization. To do this, the defense may have to call
its own experts and ask for jury instructions. Defense counsel must also remain
alert and object to prosecution testimony in which the witness claims to know
probabilities—that have not been established in a particular field—on the basis of
extensive personal experience. Objections also should be raised to testimony about
zero error rates. The defense must also remember that the Daubert opinion itself
recognized that testimony can be excluded under Federal Rule of Evidence 403
if its prejudicial effect substantially outweighs its probative value.

F. Assistance for the Defense and Judges

Perhaps the most troubling aspect of trying to apply Daubert to forensic evidence is
that very few defense counsel are equipped to take on this challenge. Such counsel
lack the training and resources to educate judges on these complex issues. Judges
in the state criminal justice system that handle the great majority of criminal cases
often have overloaded dockets and little or no assistance. Whether a defendant in a
particular case is constitutionally entitled to expert assistance is a complicated issue
that defense counsel needs to explore.?> Possibly the best chance for the defense to
get meaningful help that also would assist the court is to get pro bono assistance

84. National Research Council, supra note 75, at 184—185.

85. See Ake v. Oklahoma, 470 U.S. 68 (1985) (recognizing indigent’s right to psychiatric expert
assistance in a capital case in which defendant raised insanity defense). Jurisdictions difter widely in
how they interpret Ake.
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from other counsel who are knowledgeable about Daubert and have a sophisticated
understanding of statistical reasoning. Lawyers who have handled complex issues
about causation may be able to transfer their expertise to other difficult issues
relating to expert testimony.®® Judges might also consider asking for amicus briefs
from appropriate organizations or governmental units.

G. Confrontation Clause

The majority in Melendez-Diaz v. Massachusetts, in an opinion by Justice Scalia over
a strong dissent by Justice Kennedy, held that the defendant has a constitutional
right to demand that a forensic analyst whose conclusions the prosecution wishes
to introduce into evidence must be produced in court for cross-examination. In
a drug case, for example, the prosecution may not simply introduce a report or
an affidavit from the analyst if the defendant demands production of the analyst
for cross-examination. When the analyst is produced, this will gave the defense
the opportunity through cross-examination to raise questions about fraud, incom-
petence, and carelessness and to ask questions about laboratory procedures and
other issues discussed in the National Research Council report. Effective cross-
examination will demand of defense counsel the same type of expertise needed
to succeed on Daubert challenges. Numerous unanswered questions about the
operation of Melendez-Diaz will have to be litigated. It remains to be seen how
often, if at all, defense counsel will take advantage of the Confrontation Clause

or whether they will waive the defendant’s right to confront expert witnesses.®”

V. Procedural Context

Apart from their effect on admissibility of expert testimony, Daubert and its sub-
sequent interpretations have also affected the broader context in which such cases
are litigated and have altered the role of testifying experts in the pretrial stages of
litigation.

A. Class Certification Proceedings

One question that arises with increasing frequency is whether and how Daubert is
to be applied at class certification proceedings. The problem arises because of the
commonality and predominance requirements in Rule 23(a) of the Federal Rules

86. Cf. Kitzmiller v. Dover Area School Dist., 400 F. Supp. 2d 707 (M.D. Pa. 2005) (attorneys
who specialized in defense product liability litigation and had expertise about the nature of science
participated in case objecting to teaching intelligent design in public schools).

87. Both defendants and prosecutors face concerns about the resources required to fully imple-
ment such protections. See National Research Council, supra note 75, at 187.
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of Civil Procedure and has emerged with regard to a wide variety of substantive
claims that plaintiffs seek to bring as a class action. For example, in Sanneman v.
Chrysler Corp.,?® plaintiff sought class certification of a common-law fraud action
and a breach-of-warranty action, the gist of which was “that Chrysler had fraudu-
lently concealed a paint defect in many of the vehicles it manufactured beginning
on or about 1990.”% Plaintiff’s expert testified at the class certification hearing
that the paint problem is always caused by ultraviolet rays, but acknowledged
“that other causes may contribute to or exacerbate the problem.” After oral
argument, the court concluded that plaintiff’s expert’s testimony satisfied Daubert,
but because ultraviolet rays are not always the only cause of problems with paint,
proof of damages would probably have to be made vehicle by vehicle. The motion
for class certification was therefore denied. Daubert challenges have been raised to
class certification in numerous other cases.”!

As of this writing, there is a decided trend toward rejecting class certifica-
tion on the ground that plaintiff’s proffered expert testimony does not satisfy the
Rule 23(a) requirements, although the circuits are not unanimous in how rigor-
ous the examination of expert proof needs to be. Must the expert testimony be
subjected to the same rigorous scrutiny to determine whether it is relevant and
reliable as when the issue is admissibility at trial, or is a less searching analysis
appropriate at the certification stage? In other words, should the trial judge con-
duct a Daubert hearing and analysis identical to that undertaken when a defendant
seeks to preclude a plaintiff’s witness from testifying at trial? Not only “should”
the trial judge conduct a Daubert hearing, but, as the Seventh Circuit has ruled in
American Honda, the trial judge “must” do so. If a full Daubert hearing is required
in every class certification case, what has happened to the broad and case-familiar
discretion that a trial judge is supposed to exercise?”

The trial judge in Rhodes v. E.I. du Pont de Nemours & Co.%% concluded that
the expert opinions offered in support of class certification should be subjected
to a full-scale Daubert analysis, including a Daubert hearing. The judge explained

88. 191 ER.D. 441 (E.D. Pa. 2000).

89. Id. at 443.

90. Id. at 451.

91. See, e.g., Blades v. Monsanto Co., 400 F.3d 562 (8th Cir. 2005) (antitrust price-fixing con-
spiracy); Rhodes v. E.I. du Pont de Nemours & Co., 2008 WL 2400944 (S.D. W. Va. June 11, 2008)
(medical monitoring claim in toxic tort action); Gutierrez v. Johnson & Johnson, 2006 WL 3246605
(D.NJ. Nov. 6, 2006) (employment discrimination); Nichols v. SmithKline Beecham Corp., 2003 WL
302352 (E.D. Pa. Jan. 29, 2003) (violation of Sherman Antitrust Act); In re St. Jude Med., Inc., 2003
WL 1589527 (D. Minn. Mar. 27, 2003) (product liability action); Bacon v. Honda of Am. Mfg Inc.,
205 FR.D. 466 (S.D. Ohio 2001) (same); Midwestern Mach v. Northwest Airlines, Inc., 211 ER.D.
562 (D. Minn. 2001) (violation of Clayton Act); In re Polypropylene Carpet, 996 F. Supp. 18 (N.D.
Ga. 1997) (same); In re Monosodium Glutamate, 205 FR.D. 229 (D. Minn. 2001).

92. 2008 WL 2400944 (S.D. W. Va. June 11, 2008). See also American Honda Motor Co. v.
Allen, 600 F.3d 813, 816 (7th Cir. 2010) (district court must perform a full Daubert analysis before

certifying a class action where the expert’s report or testimony is critical to class certification).
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that decisions that see a more limited role for Daubert in class certification hearings
stem in part from misinterpreting the Supreme Court’s opinion in Eisen v. Carlisle
& Jacquelin.”® In Eisen, which predated Daubert by 19 years, the Court instructed
district courts to refrain from conducting “a preliminary inquiry into the merits
of a proposed class action” when they consider certification.”* At this time, only
the Ninth Circuit forbids the lower courts from examining evidence that relates to
the merits and from requiring a rigorous examination of the expert testimony and
Rule 23(a) requirements.”> The Rhodes case deplored this approach because the
overwhelming majority of class actions settle and therefore allowing the action to
proceed as a class action “might invite plaintiffs to seek class status for settlement
purposes.” On the other hand, knocking out the possibility of class certification
early in the proceedings affects the possibility of settling cases in which liability is
debatable. A possible compromise is partial certification that would allow a com-
mon issue to be established at a class trial, leaving individual issues for separate
proceedings.

B. Discovery

1. Amended discovery rules

Rule 26 of the Federal Rules of Civil Procedure—the core rule on civil discovery—
was amended in 1993 more or less contemporaneously with Daubert to allow judges
to exert greater control of expert testimony. Those amendments required experts
retained or specially employed to provide expert testimony, or whose duties as the
party’s employee regularly involve giving expert testimony, to furnish an extensive
report prior to his or her deposition.”® These reports were required to indicate

93. 417 U.S. 156 (1974).

94. Id. at 177-78.

95. See Dukes v. Wal-Mart, Inc., 474 F.3d 1214 (9th Cir. 2007). The Supreme Court declined
an opportunity to address the role of Daubert in class certification when it granted certiorari in Dukes,
even though the issue was raised in some of the petitions. The Court subsequently granted a petition
for certiorari in Erica P. John Fund Inc. v. Halliburton Co. (U.S. Jan. 7, 2011) (No. 09-1403), which
raises related questions regarding the extent to which the district court may consider the merits of the
underlying litigation and require that loss causation be demonstrated by a preponderance of admissible
evidence at the class certification stage under Federal Rule of Civil Procedure 23. Other courts accord
Daubert a limited role, such as requiring the trial judge to determine only that the expert testimony is
“not fatally flawed.” See Fogarazzo v. Lehman Bros., Inc., 2005 WL 361205 (S.D.N.Y. Feb. 16, 2005).

96. Fed R. Civ. P. 26(2)(2)(B), as amended December 1, 2010, made substantial changes to the
1993 amendments. The 1993 amendments also recognized a second category of testifying experts who
were not retained or specially employed in anticipation of litigation, such as treating physicians, who
were not required to provide reports. But see 3M v. Signtech USA, 177 ER.D. 459 (D. Minn. 1998)
(requiring report from employee experts who do not regularly provide expert testimony because it
eliminates surprise and is consistent with the spirit of Rule 26(a)(2)(B)). Under the 2010 amendments
the attorney must submit a report indicating the subject matter and the facts and opinions to which an
unretained testifying expert is expected to testify. Fed. R. Civ. P. 26(a)(2)(C) (amended Dec. 1, 2010).
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“the data or other information considered by the expert witness in forming the opin-
ions” (emphasis added). Many, although not all, courts construed this language as
opening the door to discovery of anything conveyed by counsel to the expert.”’
Courts taking this approach found that all communications between counsel and
experts were discoverable even if the communication was opinion work product.
In other words, these courts found that the protection for opinion work product in
Rule 26(b)(3) was trumped by the disclosure provisions in Rule 26(a)(2)(B). These
courts also required disclosure of all the expert’s draft reports and notes.

Trigon Ins. Co. v. United States,”® went a step further. It held that drafts
prepared with the assistance of consultants who would not testify, as well as all
communications between the consultants and the experts, including e-mails,
were discoverable. In Trigon, many of these materials had been destroyed. The
court ordered the defendant to hire an outside technology consultant to retrieve
as much of these data as possible, allowed adverse inferences to be drawn against
the defendant, and awarded more than $179,000 in fees and costs to plaintiff.”

Those who favor the free discovery of communications between counsel and
experts and draft reports justified these results as shedding light on whether the
expert’s opinions are his or her own or those of counsel. Critics of this approach
found it costly and time-consuming and point out that lawyers have developed
strategies to overcome transparency, such as retaining two sets of experts—one to
consult and the other to testifty—which makes discovery even more expensive.

After a series of public hearings the Advisory Committee on Civil Rules
determined that the disclosure rules increased the cost of litigation with no offset-
ting advantage to the conduct of litigation. The report of the Advisory Committee
noted that such an extensive inquiry into expert communications with attorneys
did not lead to better testing of expert opinions “because attorneys and expert
witnesses go to great lengths to forestall discovery.”1%"

Under amended rules that became effective in December 2010, disclosure is
limited to “the facts or data” considered by the expert, and does not extend to
“other information.” Draft reports are no longer discoverable, and communica-
tions between counsel and an expert are protected from discovery unless the
communications: (1) relate to compensation for the expert’s study or testimony;

97. See Karn v. Ingersoll Rand, 168 FR.D. 633 (N.D. Ind. 1996) (requiring disclosure of all
documents reviewed by experts in forming their opinions); Reg’l Airport Auth. v. LFG, LLC, 460
F.3d 697, 716 (6th Cir. 2006) (“other information” interpreted to include all communications by
counsel to expert).

98. 204 FER.D. 277 (E.D. Va. 2002).

99. Id. See also Semtech Corp. v. Royal Ins. Co., 2007 WL 5462339 (C.D. Cal. Oct. 24, 2007)
(explaining that preclusion of expert from testifying for failure to disclose drafts and failing to disclose
input of counsel at hearing made it impossible to discern the basis for his opinion).

100. Report of the Civil Rules Advisory Committee, from Honorable Mark R. Kravitz, Chair,
Advisory Committee on Federal Rules of Civil Procedure, to Honorable Lee H. Rosenthal, Chair,
Standing Committee on Rules of Practice and Procedure (May 8, 2008), available at http://www.
uscourts.gov/uscourts/RulesAndPolicies/rules/R eports/ CV05-2009.pdf.
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(2) identify facts or data provided by counsel and considered by the expert; or
(3) identify assumptions furnished by counsel that the expert relied upon in form-
ing opinions. Testifying experts who were not required to provide a report under
the previous rules—such as treating physicians—are now required to provide a
summary of the facts or opinions to which the witness expects to testify. While this
requirement relating to experts not required to file a report would provide more
disclosure than under the 1993 amendments, the main thrust of the 2010 amend-
ments is to narrow expert discovery with an eye toward minimizing expense and
focusing attention on the expert’s opinion.

Nothing in the amendments precludes asking an expert at a deposition to
explain the bases or foundations for his or her opinions or asking whether the
expert considered other possible approaches, but inquiries into counsel’s input
would be severely curtailed. Aside from communications with counsel relating
to compensation, or inquiring into “facts or data” provided by counsel that the
expert considered, the expert may also be asked if counsel furnished him or her
with assumptions on which he or she relied. Now that the amended rules have
become effective, it remains to be seen how broadly courts and magistrates will
interpret the “assumptions” provision. Are there instances in which it will be
inferred that counsel was seeking to have the expert make an assumption although
this was never explicitly stated? Those who think more transparency is desirable
in dealing with expert testimony will certainly push to expand this category.
Whether these amendments if adopted can constrain the gamesmanship that sur-
rounds expert testimony remains to be seen.

2. E-discovery

Also uncertain is whether experts will be needed to determine the proper scope
of e-discovery. Rule 26(b)(2)(B) provides the following:

A party need not provide discovery of electronically stored information from
sources that the party identifies as not reasonably accessible because of undue
burden or cost.

The burden is on the party from whom discovery is sought to show this
undue burden or cost, but the court may nevertheless order discovery if the
requesting party can show good cause.

May the requesting party making a motion to compel proffer expert testi-
mony to show that the requested information would have been readily accessible
if the party with the information had used a different search methodology? Recent
opinions by a magistrate judge so suggest.!”! Magistrate Judge John Facciola notes
that “[w]hether search terms or ‘keywords’ will yield the information sought is a
complicated question involving the interplay, at least, of the sciences of computer

101. See e.g. United States v. O’Keefe, 537 F. Supp. 2d 14 (D.D.C. 2008); Equity Analytics,
LLC v. Lunden, 248 ER.D. 331 (D.D.C. 2008).
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technology, statistics and linguistics. . . . This topic is clearly beyond the ken of a
layman and requires that any conclusion be based on evidence that, for example,
meets the criteria of Rule 702 of the Federal Rules of Evidence.”!"?
Superimposing Daubert hearings on top of e-discovery proceedings will make
an already costly procedure even more costly, one of the consequences that
Rule 26(b)(2)(B) secks to avoid. On the other hand, a search that would not lead
to the information sought defeats the objectives of discovery. A helpful opinion
on how these factors should be balanced that examines the issues a court must

103 which also

consider can be found in Victor Shirley, Inc. v. Creative Pipe, Inc.,
contains a very brief overview of the various techniques for conducting searches of
electronically stored information. A court may well require technical assistance in
dealing with these issues. In some instances, a court-appointed expert or a special
master appointed pursuant to Rule 53 of the Federal Rules of Civil Procedure
might be more desirable than a full-fledged Daubert battle among experts, particu-

larly if one of the parties has far fewer resources than its opponent.

C. Daubert Hearings

When a Daubert issue arises, the trial court has discretion about how to proceed.!**
It need not grant an evidentiary hearing and has leeway to decide when and how
issues about the admissibility of expert testimony should be determined. The bur-
den is on the parties to persuade the court that a particular procedure is needed.!%

The generally unfettered power of the trial judge to make choices emerges

106 3 criminal case. The defendant

clearly if we look at United States v. Nacchio,
claimed that the trial judge erred in granting the government’s Daubert motion to
exclude his expert in the middle of the trial without an evidentiary hearing, lead-
ing to his conviction. On appeal, a divided panel of the Tenth Circuit reversed
on the ground that the expert testimony had been improperly excluded and
remanded for a new trial. After a rehearing, the conviction was reinstated in a 5-4
opinion. The majority rejected the defense’s central argument that the court had
to take into account that this was a criminal case; the majority saw this purely as a
Daubert issue and found that the burden of satisfying Daubert and convincing the
trial judge to hold a hearing rested solely on the defendant. Although there may
be some cases in which a reviewing court would find that the trial court abused
its discretion in the procedures it used in handling a Daubert motion,'"” this has

102. See Equity Analytics, 248 F.R.D. at 333.

103. 250 FR.D. 251 (D. Md. 2008).

104. Kumho Tire Co. v. Carmichael, 526 U.S. at 137, 150 (1999).

105. For example, in the government’s RICO tobacco case, all Daubert issues were decided on
the papers without any testimony being presented. United States v. Phillip Morris Inc., 2002 WL
34233441, at *1 (D.D.C. Sept. 30, 2002).

106. 555 F.3d 1234 (10th Cir. 2009).

107. See Padillas v. Stork-Gamco, Inc., 186 F.3d 412 (3d Cir. 1999).
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become more and more unlikely in civil cases as Daubert rulings have accumulated
and courts increasingly expect litigators to understand their obligations.

VI. Conclusion

The Daubert trilogy has dramatically changed the legal landscape with regard to
expert witness testimony. The Supreme Court attempted in Daubert to articulate
basic principles to guide trial judges in making decisions about the admissibility
of complex scientific and technological expert testimony. Unfortunately, the
Daubert trilogy has, in actuality, spawned a huge, and expensive, new subject of
litigation and have left many procedural and substantive questions unanswered.
Moreover, there are serious concerns about whether the guidelines enunciated by
the Court have been interpreted by lower courts to limit, rather than respect, the
discretion of trial judges to manage their complex cases, whether the guidelines
conflict with the preference for admissibility contained in both the Federal Rules
of Evidence and Daubert itself, and whether the guidelines have resulted in trial
judges encroaching on the province of the jury to decide highly contested factual
issues and to judge the overall credibility of expert witnesses and their scientific
theories. Perhaps most disturbingly, there are serious concerns on the part of
many scientists as to whether the courts are, as Daubert prescribed, making admis-
sibility decisions—decisions that may well determine the ultimate outcome of a

case—which are in fact “ground[ed] in the methods and procedures of science.”!"

108. Daubert v. Merrill Dow Pharms., 509 U.S. at 579, 590 (1993).
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I. Introduction

Recent Supreme Court decisions have put judges in the position of having to
decide what is scientific and what is not.! Some judges may not be entirely
comfortable making such decisions, despite the guidance supplied by the Court
and illuminated by learned commentators.> The purpose of this chapter is not
to resolve the practical difficulties that judges will encounter in reaching those
decisions; it is to demystify somewhat the business of science and to help judges
understand the Daubert decision, at least as it appears to a scientist. In the hope
of accomplishing these tasks, I take a mildly irreverent look at some formidable
subjects. I hope the reader will accept this chapter in that spirit.

[I. A Bit of History

Modern science can reasonably be said to have come into being during the time
of Queen Elizabeth I of England and William Shakespeare. Almost immediately,
it came into conflict with the law.

While Shakespeare was composing his sonnets and penning his plays in
England, Galileo Galilei in Italy was inventing the idea that careful experiments
in a laboratory could reveal universal truths about the way objects move through
space. A bit later, after hearing about the newly invented telescope, he made
one for himself, and with it he made discoveries in the heavens that astonished
and thrilled all of Europe. Nonetheless, in 1633, Galileo was put on trial for his
scientific teachings. The trial of Galileo is usually portrayed as a conflict between
science and the Roman Catholic Church, but it was, after all, a trial, with judges
and lawyers, and all the other trappings of a formal legal procedure.

Another great scientist of the day, William Harvey, who discovered the circu-
lation of blood, worked not only at the same time as Galileo, but also at the same
place—the University of Padua, not far from Venice. If you visit the University of
Padua today and tour the old campus at the heart of the city, you will be shown
Galileo’s cattedra, the wooden pulpit from which he lectured (and curiously, one
of his vertebrae in a display case just outside the rector’s oftfice—maybe the rector
needs to be reminded to have a little spine). You will also be shown the lecture

1. These Supreme Court decisions are discussed in Margaret A. Berger, The Admissibility of
Expert Testimony, Sections II-III, IV.A, in this manual. For a discussion of the difficulty in distin-
guishing between science and engineering, see Channing R. Robertson et al., Reference Guide on
Engineering, in this manual.

2. Since publication of the first edition of this manual, a number of works have been developed
to assist judges and attorneys in understanding a wide range of scientific evidence. See, e.g., 1 & 2
Modern Scientific Evidence: The Law and Science of Expert Testimony (David L. Faigman et al. eds.,
1997); Expert Evidence: A Practitioner’s Guide to Law, Science, and the FJC Manual (Bert Black &
Patrick W. Lee eds., 1997).

38



How Science Works

theater in which Harvey dissected cadavers while eager students peered down-
ward from tiers of overhanging balconies. Because dissecting cadavers was illegal
in Harvey’s time, the floor of the theater was equipped with a mechanism that
whisked the body out of sight when a lookout gave the word that the authorities
were coming. Obviously, both science and the law have changed a great deal since
the seventeenth century.

Another important player who lived in the same era was not a scientist at all,
but a lawyer who rose to be Lord Chancellor of England in the reign of Elizabeth’s
successor, James I. His name was Sir Francis Bacon, and in his magnum opus,
which he called Novum Organum, he put forth the first theory of the scientific
method. In Bacon’s view, the scientist should be an impartial observer of nature,
collecting observations with a mind cleansed of harmful preconceptions that might
cause error to creep into the scientific record. Once enough such observations
were gathered, patterns would emerge, giving rise to truths about nature.

Bacon’s theory has been remarkably influential down through the centuries,
even though in his own time there were those who knew better. “That’s exactly
how a Lord Chancellor would do science,” William Harvey is said to have grumbled.

III. Theories of Science

Today, in contrast to the seventeenth century, few would deny the central impor-
tance of science to our lives, but not many would be able to give a good account
of what science is. To most, the word probably brings to mind not science itself,
but the fruits of science, the pervasive complex of technology and discoveries that
has transformed all of our lives. However, science also might equally be thought
to include the vast body of knowledge we have accumulated about the natural
world. There are still mysteries, and there always will be mysteries, but the fact is
that, by and large, we understand how nature works.

A. Francis Bacon’s Scientific Method

But science is even more than that. Ask a scientist what science is, and the answer
will almost surely be that it is a process—a way of examining the natural world
and discovering important truths about it. In short, the essence of science is the
scientific method.?

3. The Supreme Court, in Daubert v. Merrell Dow Pharmaceuticals, Inc., acknowledged the impor-
tance of defining science in terms of its methods as follows: “‘Science is not an encyclopedic body of
knowledge about the universe. Instead, it represents a process for proposing and refining theoretical
explanations about the world that are subject to further testing and refinement’ (empbhasis in original).
509 U.S. 579, 590 (1993) (quoting Brief for the American Association for the Advancement of Science
and the National Academy of Sciences as Amici Curiae at 7-8).
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This stirring description suffers from an important shortcoming. We do not
really know what the scientific method is.* There have been many attempts at
formulating a general theory of how science works, or at least how it should work,
starting, as we have seen, with the theory of Sir Francis Bacon. But Bacon’s idea,
that science proceeds through the collection of observations without prejudice, has
been rejected by all serious thinkers. Everything about the way we do science—
the language we use, the instruments we use, the methods we use—depends on
clear presuppositions about how the world works. Modern science is full of things
that cannot be observed at all, such as force fields and complex molecules. At the
most fundamental level, it is impossible to observe nature without having some
reason to choose what is and is not worth observing. Once that elementary choice
is choice is made, Bacon has been left behind.

B. Karl Popper’s Falsification Theory

Opver the past century, the ideas of the Vienna-born philosopher Sir Karl
Popper have had a profound effect on theories of the scientific method.> In
contrast to Bacon, Popper believed that all science begins with a prejudice, or
perhaps more politely, a theory or hypothesis. Nobody can say where the theory
comes from. Formulating the theory is the creative part of science, and it can-
not be analyzed within the realm of philosophy. However, once the theory is in
hand, Popper tells us, it is the duty of the scientist to extract from it logical but
unexpected predictions that, if they are shown by experiment not to be correct,
will serve to render the theory invalid.

Popper was deeply influenced by the fact that a theory can never be proved
right by agreement with observation, but it can be proved wrong by disagreement
with observation. Because of this asymmetry, science uniquely makes progress by
proving that good ideas are wrong so that they can be replaced by even better
ideas. Thus, Bacon’s impartial observer of nature is replaced by Popper’s skeptical
theorist. The good Popperian scientist somehow comes up with a hypothesis that
fits all or most of the known facts, then proceeds to attack that hypothesis at its
weakest point by extracting from it predictions that can be shown to be false. This

process is known as falsification.®

4. For a general discussion of theories of the scientific method, see Alan F. Chalmers, What Is
This Thing Called Science? (1982). For a discussion of the ethical implications of the various theories,
see James Woodward & David Goodstein, Conduct, Misconduct and the Structure of Science, 84 Am.
Scientist 479 (1996).

5. See, e.g., Karl R. Popper, The Logic of Scientific Discovery (Karl R. Popper trans., 1959).

6. The Supreme Court in Daubert recognized Popper’s conceptualization of scientific knowl-
edge by noting that “[o|rdinarily, a key question to be answered in determining whether a theory or
technique is scientific knowledge that will assist the trier of fact will be whether it can be (and has
been) tested.” 509 U.S. at 593. In support of this point, the Court cited as parenthetical passages from
both Carl Gustav Hempel, Philosophy of Natural Science 49 (1966) (“‘[T]he statements constituting
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Popper’s ideas have been fruitful in weaning the philosophy of science away
from the Baconian view and some other earlier theories, but they fall short in a
number of ways in describing correctly how science works. The first of these is
the observation that, although it may be impossible to prove a theory is true by
observation or experiment, it is as almost equally impossible to prove one is false
by these same methods. Almost without exception, in order to extract a falsifiable
prediction from a theory, it is necessary to make additional assumptions beyond
the theory itself. Then, when the prediction turns out to be false, it may well be
one of the other assumptions, rather than the theory itself, that is false. To take a
simple example, early in the twentieth century it was found that the orbits of the
outermost planets did not quite obey the predictions of Newton’s laws of gravity
and mechanics. Rather than take this to be a falsification of Newton’s laws, astron-
omers concluded that the orbits were being perturbed by an additional unseen
body out there. They were right. That is precisely how Pluto was discovered.

The apparent asymmetry between falsification and verification that lies at the
heart of Popper’s theory thus vanishes. But the difficulties with Popper’s view go
even beyond that problem. It takes a great deal of hard work to come up with a
new theory that is consistent with nearly everything that is known in any area of
science. Popper’s notion that the scientist’s duty is then to attack that theory at its
most vulnerable point is fundamentally inconsistent with human nature. It would
be impossible to invest the enormous amount of time and energy necessary to
develop a new theory in any part of modern science if the primary purpose of all
that work was to show that the theory was wrong.

This point is underlined by the fact that the behavior of the scientific com-
munity is not consistent with Popper’s notion of how it should be. Credit in
science 1s most often given for offering correct theories, not wrong ones, or for
demonstrating the correctness of unexpected predictions, not for falsifying them.
I know of no example of a Nobel Prize awarded to a scientist for falsifying his or
her own theory.

C. Thomas Kuhn’s Paradigm Shifts

Another towering figure in the twentieth century theory of science is Thomas
Kuhn.” Kuhn was not a philosopher but a historian (more accurately, a physi-
cist who retrained himself as a historian). It is Kuhn who popularized the word
paradigm, which has today come to seem so inescapable.

A paradigm, for Kuhn, is a kind of consensual worldview within which scien-
tists work. It comprises an agreed-upon set of assumptions, methods, language, and

a scientific explanation must be capable of empirical test’””) and Karl R. Popper, Conjectures and
Refutations: The Growth of Scientific Knowledge 37 (5th ed. 1989) (“‘[T]he criterion of the scientific
status of a theory is its falsifiability, or refutability, or testability’”).

7. Thomas S. Kuhn, The Structure of Scientific Revolutions (1962).
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everything else needed to do science. Within a given paradigm, scientists make
steady, incremental progress, doing what Kuhn calls “normal science.”

As time goes on, difficulties and contradictions arise that cannot be resolved,
but the tendency among scientists is to resist acknowledging them. One way or
another they are swept under the rug, rather than being allowed to threaten the
central paradigm. However, at a certain point, enough of these difficulties accu-
mulate to make the situation intolerable. At that point, a scientific revolution
occurs, shattering the paradigm and replacing it with an entirely new one.

This new paradigm, says Kuhn, is so radically different from the old that
normal discourse between the practitioners of the two paradigms becomes impos-
sible. They view the world in different ways and speak different languages. It is
not even possible to tell which of the two paradigms is superior, because they
address different sets of problems. They are incommensurate. Thus, science does
not progress incrementally, as the science textbooks would have it, except during
periods of normal science. Every once in a while, a scientific revolution brings
about a paradigm shift, and science heads off in an entirely new direction.

Kuhn’s view was formed largely on the basis of two important historical
revolutions. One was the original scientific revolution that started with Nicolaus
Copernicus and culminated with the new mechanics of Isaac Newton. The
very word revolution, whether it refers to the scientific kind, the political kind,
or any other kind, refers metaphorically to the revolutions in the heavens that
Copernicus described in a book, De Revolutionibus Orbium Caelestium, published
as he lay dying in 1543.% Before Copernicus, the dominant paradigm was the
worldview of ancient Greek philosophy, frozen in the fourth century B.C.E. ideas
of Plato and Aristotle. After Newton, whose masterwork, Philosophice Naturalis
Principia Mathematica, was published in 1687, every scientist was a Newtonian, and
Aristotelianism was banished forever from the world stage. It is even possible that
Sir Francis Bacon’s disinterested observer was a reaction to Aristotelian authority.
Look to nature, not to the ancient texts, Bacon may have been saying.

The second revolution that served as an example for Kuhn occurred early in
the twentieth century. In a headlong series of events that lasted a mere 25 years,
the Newtonian paradigm was overturned and replaced with the new physics, in
the form of quantum mechanics and Einstein’s theories of special and general
relativity. This second revolution, although it happened much faster, was no less
profound than the first.

The idea that science proceeds by periods of normal activity punctuated by
shattering breakthroughs that make scientists rethink the whole problem is an
appealing one, especially to the scientists themselves, who believe from personal
experience that it really happens that way. Kuhn’s contribution is important. It
offers us a useful context (a paradigm, one might say) for organizing the entire
history of science.

8. I. Bernard Cohen, Revolution in Science (1985).

42



How Science Works

Nonetheless, Kuhn’s theory does suffer from a number of shortcomings. One
of them is that it contains no measure of how big the change must be in order
to qualify as a revolution or paradigm shift. Most scientists will say that there is
a paradigm shift in their laboratory every 6 months or so (or at least every time
it becomes necessary to write another proposal for research support). That is not
exactly what Kuhn had in mind.

Another difficulty is that even when a paradigm shift is truly profound, the
paradigms it separates are not necessarily incommensurate. The new sciences of
quantum mechanics and relativity, for example, did indeed show that Newton’s
laws of mechanics were not the most fundamental laws of nature. However,
they did not show that they were wrong. Quite the contrary, they showed why
Newton’s laws were right: Newton’s laws arose out of newly discovered laws that
were even deeper and that covered a wider range of circumstances unimagined
by Newton and his followers—that is, phenomena as small as atoms, or nearly as
fast as the speed of light, or as dense as black holes. In our more familiar realms of
experience, Newton’s laws go on working just as well as they always did. Thus,
there is no quarrel and no ambiguity at all about which paradigm is “better.” The
new laws of quantum mechanics and relativity subsume and enhance the older
Newtonian worldview.

D. An Evolved Theory of Science

If neither Bacon nor Popper nor Kuhn gives us a perfect description of what
science is or how it works, all three of them help us to gain a much deeper
understanding of it.

Scientists are not Baconian observers of nature, but all scientists become
Baconians when it comes to describing their observations. With very few excep-
tions, scientists are rigorously, even passionately, honest about reporting scientific
results and how they were obtained. Scientific data are the coin of the realm in
science, and they are always treated with reverence. Those rare instances in which
scientists are found to have fabricated or altered their data in some way are always
traumatic scandals of the first order.”

Scientists are also not Popperian falsifiers of their own theories, but they do
not have to be. They do not work in isolation. If a scientist has a rival with a
different theory of the same phenomenon, the rival will be more than happy to
perform the Popperian duty of attacking the scientist’s theory at its weakest point.

9. Such instances are discussed in David Goodstein, Scientific Fraud, 60 Am. Scholar 505
(1991). For a summary of recent investigations into scientific fraud and lesser instances of scientific
misconduct, see Office of Research Integrity, Department of Health and Human Services, Scientific
Misconduct Investigations: 1993—1997, http://ori.dhhs.gov/PDF/scientific.pdf (last visited Nov. 21,
1999) (summarizing 150 scientific misconduct investigations closed by the Office of Research
Integrity).
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Moreover, if falsification is no more definitive than verification, and scientists
prefer in any case to be right rather than wrong, they nonetheless know how to
hold verification to a very high standard. If a theory makes novel and unexpected
predictions, and those predictions are verified by experiments that reveal new and
useful or interesting phenomena, then the chances that the theory is correct are
greatly enhanced. And, even if it is not correct, it has been fruitful in the sense
that it has led to the discovery of previously unknown phenomena that might
prove useful in themselves and that will have to be explained by the next theory
that comes along.

Finally, science does not, as Kuhn seemed to think, periodically self-destruct
and need to start over again. It does, however, undergo startling changes of per-
spective that lead to new and, invariably, better ways of understanding the world.
Thus, although science does not proceed smoothly and incrementally, it is one
of the few areas of human endeavor that is genuinely progressive. There is no
doubt at all that the quality of twentieth century science is better than nineteenth
century science, and we can be absolutely confident that the quality of science in
the twenty-first century will be better still. One cannot say the same about, say,
art or literature.!”

To all of this, a few things must be added. The first is that science is, above
all, an adversarial process. It is an arena in which ideas do battle, with observa-
tions and data the tools of combat. The scientific debate is very different from
what happens in a court of law, but just as in the law, it is crucial that every idea
receive the most vigorous possible advocacy, just in case it might be right. Thus,
the Popperian ideal of holding one’s hypothesis in a skeptical and tentative way
is not merely inconsistent with reality; it would be harmful to science if it were
pursued. As will be discussed shortly, not only ideas, but the scientists themselves,
engage in endless competition according to rules that, although they are not writ-
ten down, are nevertheless complex and binding.

In the competition among ideas, the institution of peer review plays a central
role. Scientific articles submitted for publication and proposals for funding often
are sent to anonymous experts in the field, in other words, to peers of the author,
for review. Peer review works superbly to separate valid science from nonsense,

10. The law, too, can claim to be progressive. The development of legal constructs, such as due
process, equal protection, and individual privacy, reflects notable progress in the betterment of man-
kind. See Laura Kalman, The Strange Career of Legal Liberalism 2—4 (1996) (recognizing the “faith”
of legal liberalists in the use of law as an engine for progressive social change in favor of society’s
disadvantaged). Such progress is measured by a less precise form of social judgment than the consensus
that develops regarding scientific progress. See Steven Goldberg, The Reluctant Embrace: Law and Science
in America, 75 Geo. L.J. 1341, 1346 (1987) (**Social judgments, however imprecise, can sometimes be
reached on legal outcomes. If a court’s decision appears to lead to a sudden surge in the crime rate,
it may be judged wrong. If it appears to lead to new opportunities for millions of citizens, it may be
judged right. The law does gradually change to reflect this kind of social testing. But the process is
slow, uncertain, and controversial; there is nothing in the legal community like the consensus in the

scientific community on whether a particular result constitutes progress.”).
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or, in Kuhnian terms, to ensure that the current paradigm has been respected.!!
It works less well as a means of choosing between competing valid ideas, in part
because the peer doing the reviewing is often a competitor for the same resources
(space in prestigious journals, funds from government agencies or private foun-
dations) being sought by the authors. It works very poorly in catching cheating
or fraud, because all scientists are socialized to believe that even their toughest
competitor is rigorously honest in the reporting of scientific results, which makes
it easy for a purposefully dishonest scientist to fool a referee. Despite all of this,
peer review is one of the venerated pillars of the scientific edifice.

IV. Becoming a Professional Scientist

Science as a profession or career has become highly organized and structured.!?
It 1s not, relatively speaking, a very remunerative profession—that would be
inconsistent with the Baconian ideal—but it is intensely competitive, and material
well-being does tend to follow in the wake of success (successful scientists, one
might say, do get to bring home the Bacon).

A. The Institutions

These are the institutions of science: Research is done in the Ph.D.-granting
universities and, to a lesser extent, in colleges that do not grant Ph.D.s. It is also
done 1n national laboratories and in industrial laboratories. Before World War 11,
basic science was financed mostly by private foundations (Rockefeller, Carnegie),
but since the war, the funding of science (except in industrial laboratories) has
largely been taken over by agencies of the federal government, notably the
National Science Foundation (an independent agency), the National Institutes of

11. The Supreme Court received differing views regarding the proper role of peer review.
Compare Brief for Amici Curiae Daryl E. Chubin et al. at 10, Daubert v. Merrell Dow Pharms., Inc.,
509 U.S. 579 (1993) (No. 92-102) (“peer review referees and editors limit their assessment of submit-
ted articles to such matters as style, plausibility, and defensibility; they do not duplicate experiments
from scratch or plow through reams of computer-generated data in order to guarantee accuracy or
veracity or certainty”), with Brief for Amici Curiae New England Journal of Medicine, Journal of the
American Medical Association, and Annals of Internal Medicine in Support of Respondent, Daubert
v. Merrell Dow Pharm., Inc., 509 U.S. 579 (1993) (No. 92-102) (proposing that publication in a
peer-reviewed journal be the primary criterion for admitting scientific evidence in the courtroom). See
generally Daryl E. Chubin & Edward J. Hackett, Peerless Science: Peer Review and U.S. Science Policy
(1990); Arnold S. Relman & Marcia Angell, How Good Is Peer Review? 321 New Eng. J. Med. 827-29
(1989). As a practicing scientist and frequent peer reviewer, I can testify that Chubin’s view is correct.

12. The analysis that follows is based on David Goodstein & James Woodward, Inside Science,
68 Am. Scholar 83 (1999).
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Health (part of the Department of Health and Human Services), and parts of the
Department of Energy and the Department of Defense.

Scientists who work at all these organizations—universities, colleges, national
and industrial laboratories, and funding agencies—belong to scientific societies that
are organized mostly by discipline. There are large societies, such as the American
Physical Society and the American Chemical Society; societies for subdisciplines,
such as optics and spectroscopy; and even organizations of societies, such as
FASEB, the Federation of American Societies for Experimental Biology.

Scientific societies are private organizations that elect their own officers,
hold scientific meetings, publish journals, and finance their operations from the
collection of dues and from the proceeds of their publishing and educational
activities. The American Association for the Advancement of Science also holds
meetings and publishes Science, a famous journal, but it is not restricted to any one
discipline. The National Academy of Sciences holds meetings and publishes the
Proceedings of the National Academy of Sciences, and, along with the National Acad-
emy of Engineering, Institute of Medicine, and its operational arm, the National
Research Council, advises various government agencies on matters pertaining to
science, engineering, and health. In addition to the advisory activities, one of its
most important activities is to elect its own members.

These are the basic institutions of American science. It should not come as
news that the universities and colleges engage in a fierce but curious competi-
tion, in which no one knows who is keeping score, but everyone knows roughly
what the score is. (In recent years, some national and international media outlets
have found it worthwhile to appoint themselves scorekeepers in this competi-
tion. Academic officials dismiss these journalistic judgments, except when their
own institutions come out on top.) Departments in each discipline compete with
one another, as do national and industrial laboratories and even funding agencies.
Competition in science is at its most refined, however, at the level of individual
careers.

B. The Reward System and Authority Structure

To regulate competition among scientists, there is a reward system and an authority
structure. The fruits of the reward system are fame, glory, and immortality. The
purposes of the authority structure are power and influence. The reward system and
the authority structure are closely related to one another, but scientists distinguish
sharply between them. When they speak of a colleague who has become president
of a famous university, they will say sadly, “It’s a pity—he was still capable of good
work,” sounding like warriors lamenting the loss of a fallen comrade. The univer-
sity president is a kingpin of the authority structure, but, with rare exceptions, he
is a dropout from the reward system. Similar kinds of behavior can be observed
in industrial and government laboratories, but a description of what goes on in
universities will be enough to illustrate how the system works.
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A career in academic science begins at the first step on the reward system
ladder, earning a Ph.D., followed in many areas by one or two stints as a post-
doctoral fellow. The Ph.D. and postdoctoral positions had best be at universities
(or at least departments) that are high up in that fierce but invisible competi-
tion, because all subsequent steps are more likely than not to take the individual
sideways or downward on the list. The next step is a crucial one: appointment
to a tenure-track junior faculty position. About two-thirds of all postdoctoral
fellows in biology in American universities believe that they are going to make
this step, but in fact, only about a quarter of them succeed. This step and all sub-
sequent steps require growing renown as a scientist beyond the individual’s own
circle of acquaintances. Thus, it is essential by this time that the individual has
accomplished something. The remaining steps up the reward system ladder are
promotion to an academic tenured position and full professorship; various prizes,
medals, and awards given out by the scientific societies; an endowed chair (the
virtual equivalent of Galileo’s wooden cattedra); election to the National Academy
of Sciences; particularly prestigious awards up to and including the Nobel Prize;
and, finally, a reputation equivalent to immortality.

Positions in the authority structure are generally rewards for having achieved
a certain level in the reward system. For example, starting from the Ph.D. or
junior faculty level, it is possible to step sideways temporarily or even permanently
into a position as contract officer in a funding agency. Because contract officers
influence the distribution of research funds, they have a role in deciding who will
succeed in the climb up the reward system ladder. At successively higher levels one
can become a journal editor; department chair; dean, provost, director of national
research laboratory or president of a university; and even the head of a funding
agency, a key player in determining national policy as it relates to science and
technology. People in these positions have stepped out of the traditional reward
system, but they have something to say about who succeeds within it.

V. Some Myths and Facts About Science

“In matters of science,” Galileo wrote, “the authority of thousands is not worth
the humble reasoning of one single person.”!® Doing battle with the Aristotelian
professors of his day, Galileo believed that kowtowing to authority was the enemy
of reason. But, contrary to Galileo’s famous remark, the fact is that within the
scientific community itself, authority is of fundamental importance. If a paper’s

13. 1 found this statement framed on the office wall of a colleague in Italy in the form, “In
questioni di scienza L’autorita di mille non vale I'umile ragionare di un singolo.” However, I have not been
able to find the famous remark in this form in Galileo’s writings. An equivalent statement in different
words can be found in Galileo’s Il Saggiatore (1623). See Andrea Frova & Mariapiera Marenzona,
Parola di Galileo 473 (1998).
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author is a famous scientist, the paper is probably worth reading. The triumph of

reason over authority is just one of the many myths about science. Following is

a brief list of some others:

Myth:

Fact:

Myth:

Fact:

Myth:

Fact:

Myth:
Fact:

Myth:
Fact:

Scientists must have open minds, being ready to discard old ideas in
favor of new ones.

Because science i1s an adversarial process through which each idea
deserves the most vigorous possible defense, it is useful for the suc-
cessful progress of science that scientists tenaciously cling to their own
ideas, even in the face of contrary evidence.

The institution of peer review assures that all published papers are
sound and dependable.

Peer review generally will catch something that is completely out of
step with majority thinking at the time, but it is practically useless for
catching outright fraud, and it is not very good at dealing with truly
novel ideas. Peer review mostly assures that all papers follow the cur-
rent paradigm (see comments on Kuhn, above). It certainly does not
ensure that the work has been fully vetted in terms of the data analysis
and the proper application of research methods.

Science must be an open book. For example, every new experiment
must be described so completely that any other scientist can reproduce it.
There is a very large component of skill in making cutting-edge
experiments work. Often, the only way to import a new technique
into a laboratory is to hire someone (usually a postdoctoral fellow)
who has already made it work elsewhere. Nonetheless, scientists have
a solemn responsibility to describe the methods they use as fully and
accurately as possible. And, eventually, the skill will be acquired by
enough people to make the new technique commonplace.

When a new theory comes along, the scientist’s duty is to falsify it.
When a new theory comes along, the scientist’s instinct is to verify it.
When a theory is new, the effect of a decisive experiment that shows
it to be wrong is that both the theory and the experiment are in most
cases quickly forgotten. This result leads to no progress for anybody in
the reward system. Only when a theory is well established and widely
accepted does it pay off to prove that it is wrong.

University-based research is pure and free of conflicts of interest.

The Bayh-Dole Act of the early 1980s permits universities to patent
the results of research supported by the federal government. Many uni-
versities have become adept at obtaining such patents. In many cases
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this raises conflict-of-interest problems when the universities” interest
in pursuing knowledge comes into conflict with its need for revenue.
This is an area that has generated considerable scrutiny. For instance,
the recent Institute of Medicine report Conflict of Interest in Medical
Research, Education, and Practice sheds light on the changing dimensions
of conflicts of interest associated with growing interdisciplinary col-
laborations between individuals, universities, and industry especially in
life sciences and biomedical research.'

Myth: Real science is easily distinguished from pseudoscience.

Fact:  This is what philosophers call the problem of demarcation: One of
Popper’s principal motives in proposing his standard of falsifiability
was precisely to provide a means of demarcation between real science
and impostors. For example, Einstein’s general theory of relativity
(with which Popper was deeply impressed) made clear predictions that
could certainly be falsified if they were not correct. In contrast, Freud’s
theories of psychoanalysis (with which Popper was far less impressed)
could never be proven wrong. Thus, to Popper, relativity was science
but psychoanalysis was not.

Real scientists do not behave as Popper says they should, and
there 1s another problem with Popper’s criterion (or indeed any other
criterion) for demarcation: Would-be scientists read books too. If it
becomes widely accepted (and to some extent it has) that falsifiable
predictions are the signature of real science, then pretenders to the
throne of science will make falsifiable predictions too.!> There is no
simple, mechanical criterion for distinguishing real science from some-
thing that is not real science. That certainly does not mean, however,
that the job cannot be done. As I discuss below, the Supreme Court,
in the Daubert decision, has made a respectable stab at showing how
to do it.'°

14. Institute of Medicine, Conflict of Interest in Medical Research, Education, and Practice
(Bernard Lo & Marilyn Field eds., 2009).

15. For a list of such pretenders, see Larry Laudan, Beyond Positivism and Relativism 219
(1996).

16. The Supreme Court in Daubert identified four nondefinitive f