R eference Manual on
Scientific Evidence

Third Edition

Committee on the Development of the Third Edition of the
Reference Manual on Scientific Evidence

Committee on Science, Technology, and Law
Policy and Global Affairs

FEDERAL JUDICIAL CENTER

NATIONAL RESEARCH COUNCIL

OF THE NATIONAL ACADEMIES

THE NATIONAL ACADEMIES PRESS
Washington, D.C.
www.nap.edu



THE NATIONAL ACADEMIES PRESS 500 Fifth Street, N.W. Washington, DC 20001

The Federal Judicial Center contributed to this publication in furtherance of the Center’s
statutory mission to develop and conduct educational programs for judicial branch employ-
ees. The views expressed are those of the authors and not necessarily those of the Federal
Judicial Center.

NOTICE: The project that is the subject of this report was approved by the Governing
Board of the National Research Council, whose members are drawn from the councils of
the National Academy of Sciences, the National Academy of Engineering, and the Institute
of Medicine. The members of the committee responsible for the report were chosen for
their special competences and with regard for appropriate balance.

The development of the third edition of the Reference Manual on Scientific Evidence was sup-
ported by Contract No. B5727.R02 between the National Academy of Sciences and the
Carnegie Corporation of New York and a grant from the Starr Foundation. The views
expressed in this publication are those of the authors and do not necessarily reflect those of’
the National Academies or the organizations that provided support for the project.

International Standard Book Number-13: 978-0-309-21421-6
International Standard Book Number-10: 0-309-21421-1

Library of Congress Cataloging-in-Publication Data

Reference manual on scientific evidence. — 3rd ed.
p. cm.
Includes bibliographical references and index.
ISBN-13: 978-0-309-21421-6 (pbk.)
ISBN-10: 0-309-21421-1 (pbk.)
1. Evidence, Expert—United States. 1. Federal Judicial Center.
KF8961.R44 2011
347.73"67—dc23
2011031458

Additional copies of this report are available from the National Academies Press, 500 Fifth
Street, N.W., Lockbox 285, Washington, DC 20055; (800) 624-6242 or (202) 334-3313
(in the Washington metropolitan area); Internet, http://www.nap.edu.

Copyright 2011 by the National Academy of Sciences. All rights reserved.

Printed in the United States of America



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



The Admissibility of Expert
Testimony

MARGARET A. BERGER

Margaret A. Berger, J.D., was the Trustee Professor of Law, Brooklyn Law School, Brooklyn,
New York.
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passed away. We have published her last revision, with a few edits to respond to
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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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The Admissibility of Expert Testimony

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 