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Forensic
Fail?

as research continues to underscore the
fallibility of forensic science, the judge’s role
as gatekeeper is more important than ever.
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Introduction
BY BRANDON L. GARRETT

THIS YEAR MARKS THE 25TH ANNIVERSARY OF THE U.S. SUPREME COURT’S
DECISION IN DAUBERT V. MERRELL DOW
PHARMACEUTICALS, INC., which fundamentally reshaped how judges evaluate
scientific and expert evidence.1 This volume
of Judicature, with three wonderful contributions by Jay Koehler, Pate Skene, and
an expert team led by William Thompson,
comes at an ideal time to reconsider how
successful the modern judicial approach to
expert evidence has been. That approach is
now reflected in Federal Rule of Evidence
702, revised in 2000 to comport with
the Daubert ruling, and in state judicial rulings and state rules of evidence,
which have followed suit in most states.2
The Supreme Court’s Daubert ruling
coincided with a surge in scientific
research relevant to criminal cases,
including the development of modern
DNA testing that both exonerated
hundreds of individuals and provided
more accurate evidence of guilt. Since
then, leading scientific commissions
have pointed out real shortcomings in
the use of forensic evidence in the courtroom. They also have noted that judges
have largely abdicated their responsibility as gatekeepers.3 Moreover, we have
learned that those same DNA exonerations are not a one-sided triumph of
modern forensic science, because over
half of those innocent people were originally convicted by flawed, overstated,
and unreliable forensics.4 A flood of scandals have led to audits of thousands of
state and federal cases, lab closures, and
review commissions. In response to
such concerns, the Judicial Conference
Advisory Committee on Evidence Rules
has solicited comments on potential
revisions to Rule 702 addressing forensic expert testimony.5
In this volume, William Thompson
and his coauthors describe how we are
undergoing a sea change in forensics,
particularly in the pattern disciplines.
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This is a time of crisis but also a time
of great promise in forensic science. The
terminology used to express conclusions,
error-rate statistics, and the fundamental conception of what experts are
doing are all in flux. Traditional disciplines like latent fingerprinting, which
has been done the same way for over a
hundred years, are on the cusp of a transformation. In that field, analysts would
typically state without qualification
that a print was a “match” and came
from the defendant, and that there was
a zero probability of an error. Now it is
well understood that no human expertise is immune from error, any subjective
comparison is inherently probabilistic,
and expertise depends on the proficiency
of the person doing the analysis.
Today, as Thompson and his colleagues
describe, forensic expert conclusions are
becoming more appropriately cautious
in many disciplines. The 2016 White
House Presidential Council of Advisers
on Science and Technology (PCAST)
report emphasized the need to validate
forensics, including by studying error
rates and informing jurors of those error
rates.6 The 2017 American Association
for the Advancement of Science (AAAS
report), which Thompson co-authored,
recommended such changes as well and
made more detailed recommendations
concerning the language to be used in
latent fingerprinting.7 Indeed, forensic
conclusions may soon be quantitative;
Thompson describes the move to incorporate statistics in forensics. Researchers
are hard at work on methods to use algorithms to supplement or even supplant
the subjective judgment of individual
forensic analysts.
Next, Jay Koehler focuses on reliability: What are the error rates for forensics?
As Koehler notes, many people assume
that forensics are nearly infallible. If
jurors think that forensic experts are
infallible but judges know they are not,
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then what is the obligation of a judge to
ensure that the jury is informed about
the limitations of the science?
Rule 702 states that an expert may
testify if using “reliable principles and
methods,” which are “reliably applied” to
the facts.8 Or as the Advisory Committee
states, judges shall “exclude unreliable
expert testimony.”9 Koehler is right that
now is the time to ask whether the “reliability rule” adopted in Daubert and in
Rule 702 is being appropriately used by
the judiciary.
Koehler also highlights the (sometimes quite aggressive) responses to
the PCAST report. Some members of
government agencies and professional
organizations called the report unfounded
and biased for suggesting that a range of
forensic disciplines lack empirically validated reliability. They suggest there is
no problem with continuing to rely on
an expert’s experience and subjective
professional judgment.
In response, Koehler emphasizes
judges should not admit evidence just
because an expert claims to have experience. Judges should not admit evidence
just because other judges have done
so for a long time. Judges should not
admit evidence just because experts take
(extremely unrealistic and easy) proficiency tests. Experts should have to show
that their work is reliable and that they
are truly proficient. That is, after all,
1
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509 U.S. 579 (1993).
Fed. R. Evid. 702; see Brandon L. Garrett & M.
Chris Fabricant, The Myth of the Reliability Test,
86 Fordham L. Rev. 1559 (2018) (summarizing state expert evidence rules, listing states
that adopted the revised federal Rule 702, and
analyzing state court rulings).
See Nat’l Research Council, Strengthening Forensic Science in the United
States: A Path Forward 95–97 (2009).
See generally Brandon L. Garrett & Peter J.
Neufeld, Invalid Forensic Science Testimony and
Wrongful Convictions, 95 Va. L. Rev. 1 (2009).
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what Rule 702 demands. The problem,
Koehler concludes, is not with the text
of the rule, but its laissez-faire application by judges.
Finally, Pate Skene further explores
what the proper role of judges is at a
time when empirical evidence to support
so many forensics can be mixed or lacking. Skene describes how judges have
themselves raised real questions about
the reliability of commonly used forensic
techniques. Skene focuses on the problem that for many forensic techniques,
well-designed empirical studies have not
yet been conducted to validate the reliability of the techniques. The PCAST
report emphasized as much.
Turning back to jurors, Skene highlights how important it is for judges not
to just exercise their role as gatekeeper,
but also to ensure that when forensic
evidence is admitted, jurors hear about
its limitations. Jurors are highly receptive to information about error rates
in forensic techniques and information about the proficiency of particular
forensic analysts, as Greg Mitchell and
I have shown in several studies.10 Skene
suggests that such information may be
conveyed by jury instructions or by additional experts who can explain error rates
or reliability concerns to the jury. Skene
also suggests that the need for judicial
intervention to educate jurors will be
greatest when there is less known about
5
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Daniel J. Capra, Foreword: Reed Symposium on
Forensic Expert Testimony, Daubert, and Rule
702, 86 Fordham L. Rev. 1459 (2018).
President’s Council of Advisors on Sci.
& Tech., Exec. Office of the President,
Forensic Science in Criminal Courts:
Ensuring Scientific Validity of FeatureComparison Methods (2016).
Am. Ass’n for the Advancement of Sci.,
Forensic Science Assessments: A Quality
and Gap Analysis: Latent Fingerprint
Examination (2017).
Fed. R. Evid. 702(c)–(d).

the reliability of a forensic technique.
Twenty-five years after Daubert, the
reliability revolution is still nascent. In
an era of plea bargaining and the vanishing criminal trial, it is all the more
important that judges safeguard reliability, since it will be the rare occasion when
a fact-finder can scrutinize reliability in
the courtroom. It is equally important
that crime labs themselves incorporate
blind proficiency and error management as part of routine quality control.
In response to quite complex problems,
these thought-provoking contributions
from Koehler, Thompson, and Skene set
out a clear agenda to bring reliability
back into our criminal courtrooms.
BRANDON L.
GARRETT is the
White Burkett
Miller Professor
of Law and Public
Affairs and Justice
Thurgood Marshall
Distinguished Professor of Law at the
University of Virginia. He joins the
Duke Law faculty in July. He recently
convened a symposium on “The 25th
Anniversary of Daubert and the Path
Forward for Forensic Science in the
Courts” with the Virginia Journal
of Criminal Law and the Center for
Statistics and Applications in Forensics.
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to 2000 amendment.
Brandon L. Garrett & Gregory Mitchell,
The Proficiency of Experts, 166 U. Pa. L. Rev.
(forthcoming 2018); Gregory Mitchell &
Brandon L. Garrett, The Impact of Proficiency
Testing Information on the Weight Given to
Fingerprint Evidence (draft on file with author);
Brandon Garrett & Gregory Mitchell, How
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Big changes are occurring in
forensic science, particularly
among experts who compare
the patterns found in fingerprints, footwear impressions,
toolmarks, handwriting, and
the like. Forensic examiners
are reaching conclusions in
new ways and changing the
language they use in reports
and testimony. This article
explains these changes and
the challenges they pose for
lawyers and judges.
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Although testimony about forensic
comparisons has been offered in court
for over a century, it has recently become
controversial. Questions have emerged
about the scientific foundation of the
pattern-matching disciplines and about
the logic underlying forensic scientists’
conclusions. The traditional assumption that items like fingerprints and
toolmarks have unique patterns that
allow experts to accurately determine
their source has been challenged and is
being replaced by a new logic of forensic reporting. The new logic requires
experts to evaluate and weigh probabilities rather than claim certainty. Forensic
experts must now moderate the claims
they make about their own accuracy and,
increasingly, use numbers to describe the
strength of their conclusions. Because
these changes have important implications for the probative value of the
conclusions that forensic experts offer in
court, it is important that judges understand them.
THE DEMISE OF THE THEORY
OF DISCERNIBLE UNIQUENESS
As recently as a decade ago, forensic
scientists in the pattern-matching disciplines told a common story when asked
to explain how they reached conclusions. Their analytic process began
with the assumption that the items
they examined had unique patterns: For
example, every finger was said to have
a unique set of friction ridges, and thus
every print left by a given finger (if sufficient in size and clarity) was expected
to be different from the print made by
any other finger. Similarly, every gun
barrel was thought to be unique; hence
the pattern of marks found on bullets
fired through a given barrel (if sufficient in size and clarity) was expected to
differ from the pattern found on bullets
fired through any other gun barrel. The
soles of shoes and human dentition also

were presumed to be unique, and thus
the impressions left by a given shoe,
or a given set of teeth (if sufficiently
clear and detailed) were assumed to
differ from the impressions left by any
other shoe or set of teeth. Applying the
same analysis, everyone’s handwriting
was presumed to be unique, and hence
a sample of handwriting from a given
individual (if sufficiently extensive) was
presumed to be distinguishable from
the handwriting of any other individual.
These presumptions have been called the
theory of discernible uniqueness.1
According to this traditional
account, the job of the forensic examiner
was first to assess whether the patterns
seen in impressions contained sufficient
detail to allow a determination of source
and, second, to compare the impression patterns. If sufficient detail was
available, then a “match” between the
patterns meant the source of the impressions must necessarily be the same, and
a mismatch (failure to match) meant
that the source of the impressions must
necessarily be different. If insufficient
detail was available to make a definitive
determination, then the examination
was inconclusive.
Examiners in a number of forensic disciplines have testified that this
analysis allows them to make source
determinations with complete certainty.
A prominent fingerprint examiner
explained the matter as follows:
Fingerprint examiners routinely claim to
have “identified” or “individualized” an
unknown mark to a single known print.
This identification is often characterized
as being “to the exclusion of all others” on
earth to a 100 [percent] certainty, and
the comparison method used is claimed
to have a zero percent error rate. These
claims are based on the premises that friction ridge skin is unique and permanent.2
Unfortunately, these claims have not
withstood scientific scrutiny. Indeed,
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commentary on the issue in the broader
scientific and academic communities
(beyond the community of forensic
science practitioners) has been nearly
unanimous in dismissing such claims as
unwarranted.3
Consider the claim that the ridge
patterns on every finger are unique.
Like similar claims about snowflakes,
it is impossible to demonstrate empirically that this claim is true because one
cannot conduct a systematic comparison of every finger against every
other. Furthermore, there is a difference between the claim that the ridge
pattern on each finger is unique and
the claim that a fingerprint examiner
can accurately determine whether two
fingerprints were made by the same
finger. The validity of the latter also
depends on the quality of the prints and
the level of analysis employed during
the comparison. Even if the ridge detail
of every finger were unique, it does not
follow that every impression made by
every finger will always be distinguishable from every impression made by
any other finger, particularly when the
impressions are of poor quality (e.g.,
limited detail, smudged, distorted, or
overlaid on another impression). By
analogy, it may be that every human face
is unique, but we can still mistake one
person for another, particularly when
comparing poor-quality photos.4
This is a limitation that most fingerprint examiners now acknowledge:
When fingerprint comparisons are being
made, they are not being made from friction ridge skin to friction ridge skin. They
are being made from one imperfect, incomplete recording to another. . . . [Hence]
correctly associating a degraded mark to
its true source is by no means a certainty,
even were one to presume absolute uniqueness of all friction ridge skin.5
Consequently, the key scientific question is not whether the ridge pattern of 4
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each finger is unique, but how well an
examiner can distinguish the impressions of different fingers at the level of
analysis applied in a forensic examination. That question cannot be answered
by assertions about the uniqueness of
ridge patterns; it can only be answered
by empirical research.
This critique also applies to other
forensic pattern-matching disciplines,
such as toolmark analysis, footwear
analysis, handwriting analysis, and
bitemark analysis. Although some practitioners in these fields persist in making
the injudicious claim that their conclusions must be accurate because they are
comparing patterns that are unique, the
broader scientific community has called
for empirical studies to put such claims
to the test.
A key event in the evolution of
forensic science opinion was a 2009
report by the United States National
Academy of Sciences (NAS), which
called for the development of “quantifiable measures of the reliability
and accuracy of forensic analyses” that
reflect “actual practice on realistic case
scenarios . . . .”6 It called for research to
establish “the limits of reliability and
accuracy that analytic methods can be
expected to achieve as the conditions
of forensic evidence vary.”7 The report
concluded that “much forensic evidence
— including, for example, bitemarks
and firearm and tool mark identifications — is introduced in criminal trials
without any meaningful scientific validation, determination of error rates, or
reliability testing to explain the limits
of the discipline.”8
In response to this high-level scientific criticism, forensic scientists made
some efforts to study the accuracy of
their methods, although these efforts
have been limited. The FBI commissioned an important series of studies
on the accuracy of latent print anal-

					

ysis, but relatively little research has
been conducted on the accuracy of other
forensic science disciplines. In 2016,
the President’s Council of Advisors on
Science and Technology (PCAST) issued
a report that reviewed scientific research
published to that point on the accuracy
of six forensic science disciplines that
rely on “feature comparison”: DNA
analysis, latent print analysis, firearms
analysis, bitemarks analysis, footwear
analysis, and microscopic hair analysis.9
PCAST found that adequate research
had been done to establish the “foundational validity” of latent print analysis
and DNA analysis of single-source and
simple mixture samples. “Foundational
validity” means the method in question
is capable of producing accurate results
when properly performed. PCAST
concluded, however, that too little
research had been published to establish
the “foundational validity” of firearms
analysis, bitemarks analysis, footwear
analysis, microscopic hair analysis, and
DNA analysis of complex mixtures.
Moreover, even if latent print examination has “foundational validity,” the
studies do not show that it is infallible
(as examiners have claimed). The studies
reviewed by PCAST showed that latent
print examiners have:
. . . a false-positive rate that is substantial
and is likely to be higher than expected by
many jurors based on longstanding claims
about the infallibility of fingerprint
analysis. The false-positive rate could be
as high as [one] error in 306 cases [based
on an FBI study] and [one] error in 18
cases based on a study by another crime
laboratory.10
The studies reviewed by PCAST also
showed substantial numbers of false
exclusions.11
In light of these developments, forensic scientists have begun to change the
way they describe their analytic process
and report their conclusions. They can
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no longer credibly claim the ability to
infallibly discern whether two compared
sets of features share a unique pattern and
thus have a common source. Professional
associations and standards-setting bodies
in various branches of forensic science
have recommended that examiners avoid
asserting that their conclusions are infallible and avoid claiming that they can
discern whether a pattern is unique.12
Experts are now discussing a variety of
new approaches to reporting.
THE LOGIC OF FORENSIC INFERENCE
To understand and evaluate the new
approaches to reporting, it is necessary to understand the logic of forensic
inference — that is, the logical steps
by which a forensic examiner proceeds
from observations to conclusions. Let’s
consider, as an example, the logical steps
that lead a latent print examiner from
the observation that two fingerprints
have similar ridge patterns to conclusions about whether they were made
by the same finger. If examiners can no
longer credibly claim that prints must
necessarily have a common source if
they appear to have “matching” ridge
patterns, what conclusions can they
reasonably draw?
The new approaches all recognize that
forensic inference requires an inductive
line of reasoning, which entails consideration of probabilities. The examiner
must consider the probability of seeing
the patterns observed in the impressions
under two alternative hypotheses about
their origin: (1) that the impressions
have the same source (e.g., same finger,
same tool); and (2) that the impressions
have a different source.
Suppose, for example, that a latent
print examiner observes that two fingerprints have similar patterns but with
slight discrepancies. The examiner
must consider how probable it would
be to observe those particular patterns
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(including both similarities and discrepancies) if the prints were made by the
same finger. This might involve consideration of the likelihood that slipping
or torsion of the finger, or some other
process, could have distorted one or
both of the prints enough to produce
the discrepancies. The examiner must
also consider how probable it would
be to observe those particular patterns
(including both similarities and
discrepancies) if the prints were made
by different fingers. This would involve
consideration of the rarity of the shared
features, hence how likely or unlikely it
would be to observe so much similarity
in prints made by different fingers.
In order to draw inferences and reach
conclusions about whether two impressions have a common source, the expert
must consider the balance between the
two key probabilities: (1) the probability
of the observed patterns if the impressions have the same source; and (2) the
probability of the observed patterns if
the impressions have a different source.
The ratio between these two probabilities provides an index of the probative
value of the evidence for distinguishing
the two hypotheses. The evidence favors
a particular hypothesis to the extent
that the observed results are more probable under that hypothesis than under
the alternative hypothesis. For example, if a latent print examiner thinks the
observed ridge patterns (including both
similarities and discrepancies) would
be more probable if the prints have the
same source (same finger) than if they
have a different source (different fingers),
then the evidence supports the hypothesis that the prints have the same source.
This logic is fundamental and inescapable. It is the basis for any conclusions
that examiners choose to report.
APPROACHES TO REPORTING
There are several schools of thought

Professional
associations and
standards-setting
bodies in various
branches of
forensic science
have recommended
that examiners avoid
asserting that their
conclusions are
infallible and avoid
claiming that they
can discern whether
a pattern is unique.
about how examiners should report
their conclusions regarding the balance
of probability. In this section of the
article, we will outline the different
approaches and discuss their strengths
and weaknesses.
Likelihood Ratios. One approach that
is popular in Europe allows examiners to use numbers called likelihood
ratios to describe their perception of the
balance of probabilities.13 The likelihood ratio represents the expert’s view of
the relative probability of the observed
features under the alternative hypotheses about the source of the impressions.
A likelihood ratio of 1000, for example, represents the expert’s view that the
observed patterns are 1000 times more
probable under one hypothesis (e.g.,
same source) than under the alternative
hypothesis. Experts typically make the
favored hypothesis the numerator of the
likelihood ratio so that reported values
range from one to infinity. A value of one
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means the expert thinks the observed
patterns are equally likely under the two
hypotheses, and hence the evidence has
no value for distinguishing the hypotheses. A value greater than one means the
expert thinks the observed patterns are
more likely under one hypothesis than
the alternative, and thus the forensic
evidence supports the favored hypothesis. The larger the likelihood ratio,
the greater the expert’s perception of
how strongly the balance of probabilities supports the favored hypotheses.
European latent print experts sometimes
report very high likelihood ratio values,
such as one million or even ten million.
The European Network of Forensic
Science Institutes (ENFSI) and the
U.K. Royal Statistical Society promote
the use of likelihood ratios to describe
experts’ assessments of the strength
of forensic evidence.14 Many forensic
scientists in Europe, New Zealand, and
parts of Australia also have adopted this
approach.15
The question most commonly asked
about likelihood ratios is how the
experts come up with the numbers they
report. In some disciplines, experts can
rely on databases and statistical modeling. This is most common in fields like
forensic DNA analysis and forensic voice
comparison, where extensive databases
exist and methods for statistical modeling have been evaluated in the scientific
literature.16 Likelihood ratios have been
presented in the United States for many
years in connection with forensic DNA
evidence. The expert typically says
something like the following:
The genetic characteristics observed in
the evidentiary sample are X times more
likely if the defendant was a contributor than if the contributor was instead a
random unknown Caucasian.
In the past, there has been insufficient
data on the rarity of the features observed
by experts in most pattern-matching 4
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disciplines to allow statistical estimates, but that is starting to change.
Recently the Defense Forensic Science
Center (DFSC) of the Department of the
Army began presenting probabilities in
connection with fingerprint evidence. In
March 2017, the laboratory announced
that future reports would include statements like the following:
The latent print on Exhibit ## and the
standards bearing the name XXXX
have corresponding ridge detail. The
probability of observing this amount of
correspondence is approximately ## times
greater when impressions are made by
the same source rather than by different
sources.17
The laboratory uses a software
program to score the similarity of the
prints being compared based on “the
spatial relationship and angles of the
ridge details.”18 The program then uses
a database to evaluate how much more
common it is to observe a given similarity score when comparing prints
from the same finger than prints from
different fingers. Although this is a
novel method that has not yet been
adopted by other forensic laboratories, the DFSC has reportedly offered
to share this software with any government forensic laboratory in the United
States, and other labs are evaluating
this approach. Similar software-based,
quantitative methods for assessing toolmark and handwriting evidence also are
under development, although it may be
a few years before they are ready for the
courtroom. As experts begin offering
testimony based on these new methods
in United States courtrooms, litigants
are likely to challenge admissibility
under the Daubert or Frye standards,
which will require judges to scrutinize
whether the new methods are reliable
and generally accepted.
Likelihood ratios also can be reported
in forensic science disciplines that have

					

If the examiner does
not know enough to
assess the relevant
probabilities, then
the examiner does
not know enough
to evaluate the
strength of the
forensic evidence —
and hence nothing
the examiner says
about the value of
the evidence should
be trusted.
not developed databases and statistical models. In those fields, experts may
rely on their training and experience to
come up with a likelihood ratio. In some
instances, a likelihood ratio can be based
partly on empirical data and partly on
the expert’s judgment.19 While some
commentators have derided such estimates as “subjective” and questioned
their validity (one commentator called
them “numbers from nowhere”20), the
practice of presenting likelihood ratios
based on expert judgment (rather than
a database) appears to have taken hold
in many European countries.21 Whether
such testimony should be admitted in
the United States is an issue judges may
soon need to contemplate.
Those who support the use of likelihood ratios based on expert judgment
(rather than databases) point out that
a forensic examiner must make subjective judgments of probability in order
to draw any conclusions about whether
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two items have a common source.22 If
the examiner does not know enough to
assess the relevant probabilities, then
the examiner does not know enough
to evaluate the strength of the forensic evidence — and hence nothing the
examiner says about the value of the
evidence should be trusted. It makes no
sense, proponents say, to allow experts
to testify about conclusions they reached
based on a subjective judgment of the
balance of probabilities but not allow
the expert to use a likelihood ratio to say
what their judgment was. When experts
report their judgments of the likelihood
ratio, proponents argue, the expert’s
judgmental process is more transparent, and hence the value of the expert’s
conclusions is easier to evaluate.23
Verbal Equivalents of Likelihood
Ratios. Examiners may nevertheless
be reluctant to put specific numbers
on their subjective judgments, even if
those judgments are well grounded. An
examiner may justifiably believe that
the observed results are more probable
if the items being compared have the
same source than a different source, for
example, without being able to say with
any precision how much more probable. Forcing examiners to articulate
numbers may lend a false air of precision
to a subjective assessment.
One way to avoid this problem is to
allow examiners to express conclusions
about the balance of probabilities using
words rather than numbers. In a 2012
report, a group of experts assembled
by the National Institute of Standards
and Technology (NIST) recommended
that latent print examiners report their
conclusions using statements like the
following:
It is far more probable that this degree
of similarity would occur when comparing the latent print with the defendant’s
fingers than with someone else’s fingers.24
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strong” support
for the conclusion
that the items
NUMERICAL EXPRESSION OF
VERBAL EXPRESSION OF
PROBATIVE STRENGTH
PROBATIVE STRENGTH
have a common
(likelihood ratio)
source. A foren1 – 10
Weak or limited
sic scientist who
10 – 100
Moderate
concluded that
100 – 1,000
Moderately strong
the results are
1000 – 10,000
Strong
100,000 times
10,000 – 1,000,000
Very strong
more likely if the
> 1,000,000
Extremely strong
patterns being
compared have a
common source
This approach allows examiners to would say that the evidence provides
substitute an imprecise verbal statement “very strong support” for the hypothesis
(“far more probable”) for a number, while of a common source. Statements of this
still explaining the strength of the foren- type are not common in U.S. courts, but
sic evidence in terms of the balance of they have been discussed extensively in
probabilities. Of course lawyers can (and the academic literature.26 They offer one
should) ask experts testifying in this possible answer to the question of how to
manner to explain what they mean by report source conclusions.
statements like “far more probable” and
what basis they have for that conclusion. Match Frequencies / Random Match
Another approach that has been Probabilities. When a comparison
popular in Europe substitutes words for reveals matching features in two items,
numerical likelihood ratios. The U.K.- forensic scientists sometimes estimate
based Association of Forensic Science and report the frequency of the matchProviders (AFSP) has proposed that foren- ing features in a reference population.
sic scientists use the “verbal expressions” This occurs most commonly in forensic
shown in Table 1 (above) to describe how DNA analysis, where genetic databases
strongly their evidence supports a partic- provide an empirical basis for assessing
ular hypothesis about the evidence (e.g., the proportion of a population that has
the hypothesis that two items have a a particular genetic feature. Forensic
common source).25 Under this approach, DNA analysts sometimes refer to these
forensic scientists first come up with a estimates as match frequencies (e.g., “The
likelihood ratio that reflects their percep- blood stain at the crime scene and the
tion of the balance of probabilities, and reference blood sample from the suspect
then use one of the verbal expressions in have the same DNA profile. This profile
the table instead of (or in addition to) the is estimated to occur in one person in 10
number to describe their conclusions in million among Caucasian-Americans.”).
reports and testimony.
Alternatively, they may present these
For example, a forensic scientist estimates as random match probabilities
who concludes (by whatever means) (RMPs) (e.g., “The probability that a
that the results observed in a forensic random Caucasian-American would
comparison are 500 times more likely if match this DNA profile is 0.0000001
the items have a common source than if or 1 in 10 million.”). As forensic scienthey have a different source would report tists develop databases that can be used
that the comparison provides “moderately to quantify the rarity of pattern features,
TABLE 1. PROPOSED LIKELIHOOD RATIO TERMINOLOGY (AFSP, 2009)
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we are likely to see similar testimony in
other pattern-matching disciplines.
Even without empirical data, experts
sometimes make statements about
the random match probability based
on training and experience. These
subjective-match probabilities are typically reported with words rather than
numbers. An examiner might say, for
example, that the set of features shared
by two items is “rare” or “unusual.”
One drawback of this approach is that
it addresses only one of the two questions needed to evaluate the balance of
probabilities reflected in the likelihood
ratio. It addresses the probability of the
observed patterns under the hypothesis that they have a different source. It
fails to consider the probability of the
observed patterns if the impressions
have the same source. Consequently,
this approach may be misleading in
cases in which the latter probability is
low, when, for instance, the patterns
have important discrepancies as well as
similarities. Likelihood ratios, which
consider both probabilities, arguably
offer a more balanced and complete
account of the strength of such evidence.
Source Probabilities. In the United
States, forensic examiners often present opinions on the probability that
two items have a common source.
Opinions of this type can be expressed
quantitatively, using probabilities or
percentages. For example, a forensic
scientist might say there is a 99 percent
chance that two items have a common
source. It is more common, however, for
examiners to express such conclusions
with words rather than numbers. For
example, the forensic scientist might
say it is “moderately probable,” “highly
probable,” or “practically certain” that
two items have a common source.
Lawyers and judges tend to like
source probabilities because they are 4
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easy to understand; they address the
exact question that the trier of fact
needs to assess — how likely it is that
the two impressions (e.g., two fingerprints) come from the same source?
The problem, unfortunately, is that the
information forensic scientists can glean
from a comparison of impressions is
not, by itself, sufficient to allow them
to reach conclusions about source probability. As we will explain, examiners
can logically draw conclusions about
source probabilities only by combining
conclusions drawn from a comparison
of the impressions with assumptions
or conclusions about the strength of
other evidence that bears on the question of whether the impressions being
compared have a common source.27
To illustrate, consider the Elvis
Problem discussed in the sidebar. What
is the probability that Elvis Presley was
the source of the evidence left at the
crime scene? As explained, this question cannot be answered based on the
forensic science evidence alone. It is
only by making assumptions or drawing
conclusions about the likelihood of Elvis
being at the crime scene — a matter
having nothing to do with the forensic science evidence — that the forensic
examiner can draw conclusions about the
probability that Elvis was the source.
The same problem arises whenever
forensic scientists express opinions
on source probabilities. The opinion
must, of logical necessity, depend in
part on conclusions or assumptions
about matters having nothing to do
with forensic science, such as whether
the person who is alleged to have left a
trace (e.g., a fingerprint or shoeprint) at
the crime scene is a likely or unlikely
suspect and how many other people
had access to the crime scene. Forensic
examiners are not in a good position to
make such judgments and have no business doing so anyway.

					

In order to understand the expert’s
conclusions, the
Trier-of-fact will
need to know how
the expert evaluated
the relevant
probabilities, and
how, where, and
why the expert
set the threshold
for reporting a
particular decision.
The trier-of-fact
also will need
information about
the accuracy of
decisions reached
in this manner.
Identification and Exclusion. In the
United States, the most popular method
of reporting results of forensic comparisons is to state a bottom-line conclusion
about whether two traces have a common
source. The conclusion that two traces
have the same source is often described
as “identification” or “individualization,” while a conclusion that they have
a different source is “exclusion.” These
conclusions can be seen as extreme
examples of source probabilities, corresponding to either a 100 percent or a
zero percent chance that the traces being
compared have the same source.
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The demise of the theory of discernible
uniqueness has made these conclusions
more difficult to justify. Most experts
now acknowledge that these conclusions
require the examiner to make a decision
about whether the evidence is strong
enough to support a definitive conclusion, but there does not appear to be a
generally accepted theory regarding how
experts should make that decision.
One approach requires experts to
make an assessment of the source probability. They report “identification” when
their assessed source probability exceeds
some high threshold and “exclusion”
when their assessment falls below some
low threshold. As discussed in the previous section, however, the assessment of
source probabilities requires the expert
to make assumptions or draw conclusions about matters beyond the forensic
comparison in question. Experts cannot
draw conclusions about source probabilities without facing the Elvis Problem,
which renders such conclusions problematic. If courts allow experts to present
conclusions reached in this manner, they
should also require experts to disclose
the factual basis for their asserted source
probabilities. To evaluate the expert’s
conclusion, the trier-of-fact will need to
know the extent to which the expert’s
decision was influenced by assumptions
or conclusions about matters beyond the
realm of forensic science.
To avoid the Elvis Problem, forensic scientists might instead base their
decision on their judgment of the
balance of probabilities. If they believe
the balance weighs strongly enough in
favor of the hypothesis that the items
being compared have the same source,
then they might report “identification.” If they believe the balance weighs
strongly enough in favor of the hypothesis that the items have a different
source, then they might report “exclusion.” This approach avoids the need for 4
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ELVIS’S ALIBI

25

Imagine that a bloodstain of recent origin is
found at the scene of a crime. Imagine further
that the DNA profile of the bloodstain is
somehow determined to be the same as the
DNA profile of rock-and-roll legend Elvis
Presley. Finally, imagine that the DNA profile in question is one million times more likely to be observed
if the sample came from Elvis than if it came from a random person. Based on the DNA evidence, what can
the examiner logically infer about the probability that the crime scene stain came from Elvis Presley?
A moment of reflection should be sufficient to realize that the examiner can draw no conclusion about
the probability that the crime scene stain came from Elvis based on the DNA evidence alone; the examiner must also consider other matters, such as whether Elvis could plausibly be the source. In this case,
the suspect (Elvis) has a strong alibi — he was widely reported to have died in 1977. If the forensic scientist
believes this “alibi,” then the probability that the bloodstain came from Elvis is necessarily zero.
An examiner who believes Elvis is dead might decide to report that there is a zero percent chance the crime
scene sample came from Elvis. Notice, however, that this conclusion is not based on
the strength of the DNA evidence. It depends entirely on the expert’s
assessment of matters beyond the realm of forensic science — in this
case Elvis’s alibi.
The expert might try to take a neutral position on the alibi — assuming, for example, that the question of whether Elvis could have been the
source is a toss-up or 50:50 chance. When this seemingly neutral assumption about the truth of the alibi is taken as a starting point, the expert can
update the initial assessment in light of the DNA evidence. That approach
leads logically to the conclusion that there is more than a 99 percent chance
that Elvis was the source of the blood.32 Notice, however, that this conclusion
depends only partly on the DNA evidence; it also depends critically on the assumption of a 50 percent chance a priori that the blood at the crime scene came from
Elvis (an assumption many people will view as fanciful). Should forensic scientists be basing their conclusions on assumptions of this type?
The problem (as should now be clear) is that no assumption about the probability of an alibi’s veracity can truly be considered “neutral.” Yet without
some assumption about the probability of the alibi’s veracity, there is no
logical way to assess the probability that Elvis was the source.
This same logical conundrum arises in any case in which a forensic scientist is asked to assess
the probability that a particular suspect was the source of a crime scene sample based on a
forensic comparison. The expert can never answer the question based solely on the forensic
evidence. Inevitably the expert must make assumptions or take a position on other matters,
such as the probability that the suspect’s alibi is true. Doing that may well invade the jury’s
province; it certainly requires the expert to delve into matters beyond his or her scientific
expertise. Consequently, judges should consider carefully whether to admit statements
about source probabilities into evidence. If such statements are admitted, judges
(and lawyers) should try to make clear to the jury the extent to which the expert’s
conclusions depend on comparison of the items in question, and the extent to
which they depend on assumptions or conclusions about other matters.
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the expert to evaluate source probabilities, but it still raises many questions.
In order to understand the expert’s
conclusions, the trier-of-fact will need
to know how the expert evaluated the
relevant probabilities, and how, where,
and why the expert set the threshold
for reporting a particular decision. The
trier-of-fact also will need information
about the accuracy of decisions reached
in this manner.
In the past, expert forensic science
testimony about “identification” and
“exclusion” often went unchallenged,
with lawyers on both sides assuming
such testimony was reliable and uncontroversial. As lawyers become more

aware of the issues discussed in this
article, we expect they will examine the
logic and basis of such conclusions far
more closely than they have in the past.
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Without appropriate estimates of accuracy, an examiner’s statement that two
samples are similar — or even indistinguishable — is scientifically meaningless:
it has no probative value, and considerable
potential for prejudicial impact. Nothing
— not training, personal experience nor
professional practices — can substitute
for adequate empirical demonstration of
accuracy.28
PCAST called for a continuing
program of research in which examiners are tested by having them compare
samples from known sources. PCAST
recommended that the samples used
in the research be representative of the
samples encountered in casework, that
examiners have no information about
the correct answer, that independent
groups with no stake in the outcome
conduct multiple studies, and that the
data be available to other scientists for
review.29 Courts will need to consider
the results of such studies when deciding whether testimony about forensic
comparisons is sufficiently trustworthy
to be admitted — whether, in the words
of Rule 702(c) of the Federal Rules of
Evidence, it is “the product of reliable
principles and methods.”30
When such testimony is admitted, error-rate data will be relevant for
assessing its probative value. PCAST
suggested that testimony about error
rates of the relevant forensic method,
as research has shown on samples like
those in the case at hand, should always
be presented in conjunction with testimony about the results of forensic
comparisons. Experts are likely to be
asked about error rates during cross-examination even if the proponent of the
forensic evidence elects not to present error-rate data in direct testimony.
Lawyers are likely to debate the implications and significance of error-rate data
for evaluating the probability that an
error occurred in the case at hand.
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We are thus on the cusp of a new era
for forensic science — an era in which
statistics will inevitably play a greater
role. Oliver Wendell Holmes once
declared that “the man of the future
is the man of statistics . . . . ”31 In the
pattern-matching disciplines of forensic
science, that future has arrived.
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Here is a forensic-science
test for you. Please answer
each of the three questions
below True or False.
1. Scientific tests

by Jonathan J. Koehler conducted over the past

100 years have repeatedly
demonstrated that everyone has a unique set of
fingerprints.
2. Recent scientific studies show that the chance
that DNA samples from two
different people will be
identified as a “match” by
a competent, well-trained
DNA examiner is less than
one in a million.
3. Data from scientific
tests conducted over the
past few decades provide a
reliable basis from which
to estimate the accuracy
of most forensic methods
that have been admitted in
U.S. courts.
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The answer to all three of these questions is false. How did you do?
If you read the 2009 report from the
National Academy of Sciences on forensic science1 or the 2016 report from
the President’s Council of Advisors on
Science and Technology (PCAST),2 you
probably got all of the questions right.
These authoritative reports, investigated
and written by leading scientists in the
U.S., indicate that our forensic sciences
are badly in need of scientific testing.
They also indicate that many of the
strong claims made by forensic scientists
and their proponents are misleading in
light of the lack of scientific data to back
up those claims.
But who really reads such reports?
And who really understands that there
is not enough science to justify a lot of
forensic science claims? Certainly not
the American public. I presented those
three statements to a random sample of
322 jury-eligible Americans and found
that each statement was judged to be
true by more than four out of five people,
and nearly two out of three people (64
percent) thought that all three statements were true.3 Another recent study
asked people to estimate the chance that
a forensic examiner will err in each of five
different forensic sciences.4 The median
estimates ranged from one chance
in 100,000 (for document examination) to one in 10,000,000 (for DNA).
Apparently, then, most people believe
that forensic science results and conclusions are extremely accurate and that
reliable scientific studies back up those
beliefs (see question no. 3 at left).
Whether trial judges know differently is an open empirical question. But
regardless of what trial judges know
(or think they know) about the forensic
sciences, they should look to the broader
scientific community for assistance when
evaluating the reliability of any proffered
forensic method, including methods

that have long played an important role
in our criminal justice system. If they do
so, they will likely find that the (disinterested) scientific community will provide
a very different perspective on the extent
to which forensic science claims have
stood up to empirical testing than the
perspective provided by the interested
examiners who provide forensic science
testimony at trial.
ROADMAP TO RELIABILITY: DAUBERT & FRE 702
In its broadest sense, forensic science is
the application of science to law. Over the
past century or so, many different types of
forensic science results have been admitted in U.S. courts, including evidence
from fingerprints, palm prints, voice
prints, DNA, microscopic hair, ballistics,
toolmarks, document examination, shoe
prints, tire tracks, bitemarks, soil, glass,
paint chips, carpet fibers, blood spatter,
and more. In the near future, prosecutors
may seek to introduce biometric techniques including evidence from gaits,
veins, irises, retinas, etc.
Federal Rule of Evidence (FRE)
702 (or its state equivalent) governs
the admissibility of expert testimony,
including testimony pertaining to forensic analyses. The first part of FRE 702
essentially requires that an expert witness
be qualified and provide testimony that
will assist the trier of fact. The latter part
of FRE 702, adopted in a 2000 amendment, provides additional restrictions on
the admissibility of expert testimony.
FRE 702(b) requires that “the testimony
is based on sufficient facts or data.” FRE
702(c) requires that “the testimony is
the product of reliable principles and
methods.” FRE 702(d) requires that “the
expert has reliably applied the principles
and methods to the facts of the case.”
The year 2000 amendment to FRE
702 was offered in response to Daubert
v. Merrell Dow Pharmaceuticals, Inc.,5 a
case that conferred a gatekeeper function
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to trial judges who are asked to admit
expert testimony of any sort.
Like the Daubert opinion itself, the
2000 amendment to FRE 702 emphasizes the central role that “reliability”
must play in admissibility decisions
related to expert testimony. The principles that underlie an expert’s testimony
must be reliable, the method an expert
uses must be reliable, the application of
those reliable principles and methods to
the instant case must be reliable, and the
testimony must be based on facts and
data which, presumably, must also be
reliable. In short, unlike most other forms
of evidence, expert testimony — including forensic science expert testimony
— is inadmissible unless the evidentiary
proponent can affirmatively show that it
is reliable in a variety of ways.
The emphasis FRE 702 places on
reliability begs the questions of what it
means for expert testimony to be reliable and how a judge can determine
whether or not proffered testimony is
reliable. The Daubert decision provided
some useful guidance for assessing the
reliability of proffered scientific expert
testimony in general, and this guidance
is applicable to proffered forensic science
testimony. Specifically, Daubert and the
advisory notes that accompany FRE 702
indicate that a trial judge may consider
(1) whether the expert’s theory or method
has been tested, (2) whether the theory or
method has been subject to peer review
and publication, (3) the method’s error
rate, (4) whether the method is a standard one with controls, and (5) whether
the theory or method has been generally
accepted in the scientific community.
Daubert’s guidance for assessing reliability is sensible, but vague. How
exactly is a trial judge to know whether
a forensic theory is sound, an error rate
is comfortably low, or a laboratory’s
controls can be trusted? Although these
questions must be answered in a legal 4
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arena by a trial judge, they concern
matters that are fundamentally scientific
in nature. As such, judges should look to
the broader scientific community for guidance
when deciding whether proffered scientific
evidence is sufficiently reliable to justify its
admissibility at trial.6 That is, trial judges
should lean heavily on the broader scientific community for methodological
advice about how to determine whether
a scientific technique or claim is sufficiently backed up by reliable principles,
methods, facts, and data. In cases involving forensic science methods and claims,
such guidance is readily available from a
2009 report by the National Academy of
Sciences (NAS) and a 2016 report from
the President’s Council on Science and
Technology (PCAST).7
2009 NATIONAL ACADEMY OF SCIENCES
(NAS) REPORT
The 2009 NAS report on the non-DNA
forensic sciences sent shock waves
through the criminal justice system.
This report, which was written by a
group of the nation’s elite scientists,
statisticians, judges, and other scholars,
concluded that, “[l]ittle rigorous systematic research has been done to validate the
basic premises and techniques” in many
forensic disciplines. The report detailed
how many forensic sciences — including
impression evidence, toolmark and firearms analysis, microscopic hair evidence,
questioned document examination,
and forensic odontology — “have yet
to establish either the validity of their
approach or the accuracy of their conclusions”8 and called for a “major overhaul”
of the U.S. forensic science system.9 The
report repeatedly stated that there is little
scientific data to indicate the reliability and accuracy of the methods used in
many forensic sciences. For example, the
report noted that the standard fingerprint
method (ACE-V) does not guard against
bias and provides insufficient guaran-

					

tees that examiners will obtain the same
results and draw the same conclusions.10
The report also noted that there is no
standard vocabulary to describe results,11
which may lead to “imprecise or exaggerated expert testimony.”12 Notably,
the NAS report took the courts to task
for being “utterly ineffective” at pushing
any of the forensic sciences to test their
claims and to otherwise conduct themselves in a more scientific manner.13
2016 PRESIDENT’S COUNCIL ON SCIENCE AND
TECHNOLOGY (PCAST) REPORT
The 2016 PCAST report picks up where
the 2009 NAS report left off by providing trial judges with specific guidance
for assessing the scientific reliability
and validity of proffered forensic science
evidence. PCAST “is an advisory group
of the Nation’s leading scientists and
engineers, appointed by the President
to augment the science and technology
advice available to him from inside the
White House and from cabinet departments and other Federal agencies.”14 In
2015, President Obama asked PCAST
to provide advice and recommendations “that could usefully be taken on
the scientific side to strengthen the
forensic-science disciplines and ensure
the validity of forensic evidence used
in the Nation’s legal system.”15 The
focus of this report was the “forensic
‘feature-comparison’ methods,”16 which
include DNA, hair, fingerprints, firearms, toolmarks, bitemarks, shoe prints,
tire tracks, and handwriting. The elite
scientists who wrote the report — none
of whom served on the 2009 NAS
committee described above — indicated that their focus was on helping
judges understand scientific standards
for assessing scientific validity, not on
dictating the legal standards pertaining to the admissibility of scientific
evidence.17 The distinction is subtle but
important.
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As noted earlier, in cases involving
forensic science evidence (or any other
form of expert evidence), FRE 702 tells
judges that the principles and methods
that were used to create the evidence must
be reliable, and that the expert testimony
related to the evidence must be backed
up sufficiently by reliable facts or data.
FRE 104(a) gives judges the authority to
rule on the admissibility of this evidence,
and judges make this determination
based on a preponderance of the available
evidence. The PCAST report leaves these
legal standards alone, and instead weighs
in on how a judge (or anyone else) can
determine whether a principle, method,
or purported fact is scientifically reliable
and valid. In doing so, the PCAST report
fills a void left by both Daubert and the
2009 NAS report. It offers clear guidance
to courts from esteemed representatives
of the scientific community. As part of
this guidance, the report distinguishes
“foundational validity” from “validity as
applied” in practice.18 A method is foundationally valid if and only if it has been
“shown, based on empirical studies, to
be repeatable, reproducible, and accurate
. . . under conditions appropriate to its
intended use.”19
These words should not be construed
as highfalutin’, overly cautious, scientific
mumbo jumbo. The foundational validity standard applies to all sciences, and it
is especially important that it be understood and applied in cases involving
forensic science evidence where match
determinations20 are typically subjective
judgments made by individual examiners. In referring to match determinations
as “subjective judgments,” I do not
mean to imply that there is no basis for
those judgments or that the judgments
are as likely to be right as wrong. I
simply mean that a person, as opposed to
a machine or computer program, makes
one or more key determinations — such
as which portion of a marking to exam-
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ine, whether an element of that marking
is genuine or artefactual, or whether
there is enough correspondence between
two markings — to conclude that they
were produced by a common source.21
The PCAST report does not mince
words when it comes to the importance
of testing forensic claims and methods.
Such tests, PCAST says, are “an absolute requirement”22 for any method
that purports to be scientifically reliable
and valid: “[T]he only way to establish the scientific validity and degree of
reliability of a subjective forensic featurecomparison method — that is, one
involving significant human judgment
— is to test it empirically . . . ”23 In other
words, data from appropriately designed
studies are required as part of any demonstration of foundational validity for all
scientific methods, including all forensic science methods. Forensic sciences
that fall short — even forensic sciences
that the judiciary has long presumed to
be methodologically sound — simply
cannot be treated as foundationally valid.
For example, PCAST found that firearms analysis falls short on foundational
validity because there is currently just
one appropriately designed study that
measures validity and reliability. As
PCAST notes, “the scientific criteria for
foundational validity requires more than
one such study to demonstrate reproducibility.”24 The error rate in this study,
which PCAST argues should be reported
to jurors, was estimated at 1 in 66, with
an upper bound of 1 in 46. Although
firearms analyses are routinely admitted
by courts, it is doubtful that any court
has provided jurors with these error rates
from this lone study. Another subjective
feature-comparison method that PCAST
carefully examined is bitemark analysis. PCAST found that “[f] ew empirical
studies have been undertaken to study
the ability of examiners to accurately
identify the source of a bitemark.”25

The fact that
many courts have
found forensic
techniques and
claims to be
scientifically valid
and admissible
without such data
indicates that
many courts have
misunderstood
scientific validity
or conducted
inadequate Daubert
analyses.
PCAST further notes that, “[a]mong
those studies that have been undertaken,
the observed false positives rates were so
high that the method is clearly scientifically unreliable at present.”26 Despite
the lack of science in support of bitemark evidence, trial courts routinely
admit this evidence, commonly on
grounds that other courts have admitted
this type of evidence in the past. Perhaps
this is what the 2009 NAS report had in
mind when it spoke of the “utter ineffectiveness” of the judiciary to apply
the appropriate admissibility criteria to
proffered forensic science evidence.
The PCAST report evaluated the
empirical evidence that supported various other feature-matching methods
and found that there were no studies
that supported the scientific validity
and reliability of footwear analysis or
microscopic hair comparison evidence,
and just one study that supported firearms analysis.
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In addition to the specific conclusions reached for various forensic feature
comparison methods, the larger takeaway point from the PCAST report for
judges is that investigations into the
validity of forensic techniques turn
exclusively on the availability and results
of properly performed empirical studies.
The fact that many courts have found
forensic techniques and claims to be
scientifically valid and admissible without such data indicates that many courts
have misunderstood scientific validity or
conducted inadequate Daubert analyses.
Such rulings — which commonly are
bolstered by reference to the fact that
forensic methods have been admitted
in courts for decades — should not be
binding on other courts or even offered
as evidence to support the admissibility
of a method. As the 2009 NAS committee co-chair Judge Harry Edwards
observed in a Frontline documentary on
forensic science, “If your experience or
practice has been inaccurate or wrong
for many years, it doesn’t become better
because it’s many years. It’s just many
years of doing it incorrectly.”27
PCAST CRITICISMS
The sentiments expressed in the
NAS and PCAST reports are not new.
Academic critics of forensic science
offered similar points decades earlier.28
However, these criticisms were largely
ignored by the forensic science community, perhaps because they were largely
ignored by the courts. After all, as long
as trial judges continued to admit forensic science evidence, and appellate courts
upheld those admissions, the forensic
science community had little reason to
engage the critics.
However, the world has finally taken
note of the serious problems afflicting the forensic sciences. High-profile
errors have been made, frauds have been
detected, incompetent crime labs have 4
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been exposed, forensic techniques have
been abandoned, and wrongful convictions linked to forensic missteps have
been reversed. In 2013, the National
Commission on Forensic Science (NCFS)
was established as an advisory committee for the Department of Justice to
improve the reliability of the forensic
sciences. An ambitious reform agenda
was identified and hundreds of scientists and scholars went to work on it.
Progress was slow but steady. Although
the forensic science and criminal justice
communities were generally pleased
by the prospect of improvements and
the new resources this endeavor promised, they pushed back against proposed
reforms that implied or directly claimed
that the foundational scientific work had
yet to be done in the forensic sciences.
Acknowledging such a shortcoming
could risk the status of forensic evidence
in court.29
The forensic science and criminal
justice communities generally oppose the
harsh conclusions that appear in the NAS
and PCAST reports pertaining to the
scientific validity of the various forensic
sciences. Ultimately, the disagreements
these communities have with the broader
scientific community must be resolved
by the courts. The paragraphs below
outline the criticisms that various professional groups have leveled against the
PCAST report in particular.30
NATIONAL DISTRICT ATTORNEYS ASSOCIATION
The National District Attorneys
Association (NDAA) claims that the
PCAST report is “scientifically irresponsible.” In support, the NDAA says
that PCAST “clearly and obviously
. . . ignored vast bodies of research,
validation studies, and scientific literature,” and instead relied, “at times, on
unreliable and discredited research.”
The NDAA also says that PCAST has
“insert[ed] itself as the final arbiter of

					

the way to know if
something works
as advertised is to
subject it to rigorous and repeated
empirical testing
under conditions
that are similar to
those in the natural
environment. This
has not been done
for most of the
forensic sciences.
the reliability and admissibility” of
forensic science evidence, and that the
NDAA will defend our criminal justice
system against the NAS, PCAST, and
others “who would seek to undermine
the role of the courts, prosecutors,
defense attorneys, and juries, as we have
seen in the last eight years.”
In short, the NDAA suggests that the
NAS and PCAST commissions chose to
ignore excellent validation studies in favor
of discredited research as part of a plan to
remove decision-making authority from
judges and juries and to otherwise undermine our criminal justice system. In a
follow-up letter to President Obama, the
president of the NDAA offered an additional, even more startling, argument
for disregarding the PCAST report.31
He claimed that the feature comparison
methods that the PCAST report covered
(e.g., toolmarks, ballistics, fingerprints,
microscopic hair comparison, odontology, document examination, and tread
wear) should not be held to the standards for scientific validity because the
methods are not entirely scientific. The
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letter explains that, although the forensic
sciences “incorporate aspects of science,”
forensic science methods also yield “‘technical’ and ‘specialized knowledge’ under
Federal Rule of Evidence 702,” and
therefore need not be held to Daubert’s
rigorous scientific validity standard.32
FBI
The FBI claims that the PCAST report
makes “broad, unsupported assertions
regarding science and forensic science
practice” and “creates its own criteria
for scientific validity.”33 In support of
the first claim, the FBI disagrees with
PCAST’s statement that proficiency
tests that measure an examiner’s accuracy are the only way to establish the
validity of a forensic technique. Like
the NDAA, the FBI claims that PCAST
ignored “numerous published research
studies” that establish the foundational
validity of various forensic sciences, an
omission that the FBI says “discredits
the PCAST report as a thorough evaluation of scientific validity.”
The FBI suggests that PCAST not
only offered an idiosyncratic set of criteria for establishing scientific validity,
but failed to consider studies that established the validity of various forensic
methods using its own criteria.
THE AMERICAN CONGRESS OF
FORENSIC SCIENCE LABORATORIES
The American Congress of Forensic
Science Laboratories (ACFSL) characterized the PCAST report as a political
document rather than a scientific one. The
ACFSL criticized the PCAST membership as “imbalanced and inexperienced”
and indicated that “the legitimacy of the
PCAST report” is compromised by the
members’ motives and biases.34 Like the
NDAA and FBI, the ACFSL characterized the PCAST report as “irresponsible
and inaccurate” because it “failed to
objectively and completely evaluate the
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overwhelming evidence of strength and
reliability in forensic science.”35
AMERICAN SOCIETY OF CRIME LABORATORY
DIRECTORS
The American Society of Crime
Laboratory Directors (ASCLD) challenged PCAST’s definition of a
scientifically rigorous “black box”
validation study as “arbitrary” and
“unhelpful.”36 ASCLD also argued that
forensic science practitioners should
have a hand in the design and conduct
of the scientific studies to foster “true
advancement . . . of forensic science.”37
MIDWESTERN ASSOCIATION OF
FORENSIC SCIENTISTS
The Midwestern Association of Forensic
Scientists
(MAFS)
characterized
PCAST’s conclusions as “capricious.”38
Like ASCLD, MAFS suggested that the
empirical testing methods that PCAST
outlined “are not the only scientific way
to ensure validity and reliability.”39 Also
like ASCLD, MAFS indicated that the
“[e]xperience and daily observation” of
examiners is part of a scientific measure
of reliability.40 They wrote, “[t]o not
include practitioners in the discussion
would be irresponsible.”41
OTHER FORENSIC ORGANIZATIONS
Many of the arguments raised above
were echoed in responses from others
in the forensic science community. The
Association of Firearm and Tool Mark
Examiners asserted that “[d]ecades of
validation and proficiency studies have
demonstrated that firearm and toolmark
identification is scientifically valid.”42
The Organization of Scientific Area
Committees Materials Subcommittee
stated that lack of information about an
error rate for microscopic hair comparison evidence “should not be interpreted
to suggest that the discipline is any
less scientific.”43 The International

Association for Identification “finds the
report lacking in basis and content, and
improper in some of the statements that
are made.” 44 The Bureau of Alcohol,
Tobacco, Firearms and Explosives
expressed its “disappointment in the
flawed methodology PCAST employed,”
saying that PCAST “did not adequately
consider the numerous research studies
that support the validity of firearm and
tool mark forensics.”45
CRITIQUING THE PCAST CRITICISMS
The sheer volume of professional and
government organizations and representatives that have taken issue with the
PCAST findings is superficially impressive. But, of course, it is the logical and
scientific merit of those responses that
must be critiqued, not their volume.
I have identified six distinct points
raised by the various PCAST critics. I
comment on the merits of each of those
points below.
1) The PCAST committee was biased
against forensic science: It should go without saying that ad hominem attacks on
a properly convened scientific committee are inappropriate and unpersuasive.
The PCAST committee, like the NAS
committee before it, included some of
the most accomplished scientists of our
era. Few of the committee members are
primarily focused on forensic science
issues outside of their committee work,
and there is nothing in the backgrounds
of the committee members as a whole
that supports a charge of bias. The
PCAST committee chair, Eric Lander,
co-authored a frequently cited paper
in the prestigious journal Nature two
decades ago that concluded as follows:
“[T]he DNA fingerprinting controversy
has been resolved. There is no scientific
reason to doubt the accuracy of forensic
DNA typing results . . . .” Although this
conclusion may have been premature,
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these words do not seem to be those of a
committed forensic-science foe.
2) PCAST offered an overly narrow and
idiosyncratic definition of scientific validity: This effort by critics of the PCAST
Report to broaden the scope of what
constitutes scientific validity must be
rejected. Part of what makes the PCAST
report so helpful to courts is that it
provides clear, sound, and practical guidance about exactly what judges should
look for when considering the scientific
matter of the foundational validity of a
method that involves substantial human
judgment. In a nutshell, PCAST reminds
the world about the wisdom of what
we learned in our high school science
classes: the way to know if something works
as advertised is to subject it to rigorous and
repeated empirical testing under conditions
that are similar to those in the natural environment. This has not been done for most
of the forensic sciences. When PCAST
critics suggest that the daily “experience” of forensic examiners vouches for
the scientific validity of their work, it
is important to remind ourselves that
this is not how science works. Personal
experience is no substitute for empirical
testing. This doesn’t mean that experience is worthless. If consumer reviews
on Amazon indicate that a weight loss
pill worked wonders for some people, a
potential customer has some justification
for expecting the pill to help him or her
lose weight. But these reviews, which
spring from the personal experiences of
consumers, do not constitute scientific
proof that the pill actually works. The
scientific validity of a claim that a pill
causes weight loss — or that a forensic
method yields true results — can only
be proven using justified, widely agreed
upon scientific methods and standards.
3) PCAST ignored strong evidence that
proves the scientific validity of various forensic sciences: In response to this potentially
devastating charge, PCAST invited the 4
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FBI and other agencies who made this
claim “to identify any ‘published . . .
appropriately designed studies’ that had
not been considered by PCAST and that
established the validity and reliability of
any of the forensic feature-comparison
methods that the PCAST report found to
lack such support.” No such studies were
provided. Indeed, the FBI ultimately
conceded that there were no such studies
after all.46 Nevertheless, forensic scientists commonly offer sworn testimony
that relevant validation studies exist
and that they personally believe that the
method in question is reliable. Needless
to say, such testimony does not suffice as
proof of scientific validity under the standards imposed by Daubert and FRE 702.
4) PCAST usurped the role of judges
and juries by inserting its own opinions
about forensic science: As noted previously, the PCAST report was quite clear
about differentiating between scientific
matters pertaining to forensic science
that were clearly within its charge, and
legal matters that did not concern either
PCAST or the broader scientific community.47 Whereas legal policymakers,
judges, and juries must decide matters
such as general admissibility standards
for scientific evidence and whether a
proffered method has met those legal
standards, scientists are best positioned
to advise on the scientific standards for
scientific validity.
5) Forensic science evidence should not be
held to scientific standards of validity because
the evidence includes technical or specialized
knowledge: Ordinarily, forensic science
supporters are keen on promoting their
disciplines as scientific. It is therefore
puzzling to see the NDAA argue that
their evidence should be assessed using
standards that are more lenient than
those used for other sciences. Whether
this maneuver is regarded as clever or
desperate, it should fail. As the Supreme
Court noted in Kumho Tire v. Carmichael

					

(1999),48 the gatekeeping function for
trial courts identified in Daubert extends
to all expert testimony offered under FRE
702. This means that expert testimony,
whether scientific or not, must still be
reliable to be admissible. Although trial
judges have latitude when assessing the
reliability of expert testimony, a lower
reliability standard is not automatically
in play once the evidentiary proponent
declares a willingness to have its evidence
reviewed as non-science for admissibility
purposes. Regardless of whether forensic
science is characterized as 100 percent
science, part science and part technical
knowledge, or 100 percent technical
knowledge, the reliability and validity
of the methods used by examiners to
reach their subjective conclusions must
be demonstrated affirmatively.
6) Practitioners’ personal experiences and
observations should be given weight when
assessing the scientific validity of forensic science: This claim, which also lies
behind the critics’ claim in point 2
above, reveals how “motivated reasoning”49 can distort the judgments of
professionals. The experiences and
casual observations of forensic scientists
may aid future scientific study by, for
example, identifying hypotheses, ideas,
patterns, correlations, etc. But experiences and unsystematic observations must not
be confused with systematic scientific study.
Judges must firmly reject the notion
that experience — even a great deal of
it — contributes to the scientific validation of a method. People experience
and observe many things that systematic study later proves to be spurious
or false.50 When assessing the scientific
validity of a method involving human
judgment, systematic, rigorous empirical testing — scientific testing — is not
an option: It is a requirement. There are
no shortcuts, and the day-to-day work
experiences of examiners are not a legitimate substitute for empirical testing. To
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suggest otherwise blatantly distorts the
shared understanding among scientists
of what it means for a method to have
been scientifically validated.
In sum, a critique of the criticisms
leveled against the PCAST report
supports the view that PCAST and the
NAS have it right: An assessment of
the reliability and validity of the forensic sciences requires testing, and many
of those tests have yet to be performed.
As a result, we know surprisingly little
about how accurate forensic science
testimony is.
ERROR RATES: WHAT DO WE KNOW?
If the legal standard for admitting forensic science evidence is followed, then the
evidentiary proponent must show that
the methods that produced the forensic
result are themselves reliable. The most
important indicator of the reliability of
a forensic method is the rate at which
trained examiners who use that method
err: the lower the error rate, the greater
the reliability of the method. Of course,
in an actual case in which an unknown
print or marking is compared to one or
more knowns, ground truth is absent. In
such cases, we cannot be sure whether a
correct result is achieved because there is
no independent way to verify the accuracy of the examiner’s conclusion. But in
a properly designed test in which prints
or markings are produced from recorded
knowns, ground truth is available, and
an examiner’s error rate (or a laboratory’s
error rate or the error rate of a method in
general) may be computed.
Unfortunately, and perhaps surprisingly, such tests are virtually nonexistent
in the world of forensic science. This
means that there is little basis for
estimating error rates for any forensic science method. As a result, courts
cannot make a properly informed judgment about the reliability of a proffered
forensic method.
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WHAT FORENSIC SCIENTISTS TELL JUDGES
Complicating admissibility matters
for the courts, proponents of forensic
science commonly tell trial judges that
(a) the frequent admission of forensic
science evidence by courts throughout
the land is proof of the validity of their
methods, and (b) examiners take various
tests on a regular basis, and their success
on these tests confirms the reliability of
their methods.
These two points have correct premises, but false conclusions. Regarding
the first point, it is true that nearly
every forensic science method has been
admitted by most courts for many years.
But the use of forensic science evidence
in court — including evidence from
document examination, voice prints,
bitemarks, fingerprints, bullet lead
analysis, toolmarks, tire tracks, shoe
prints, etc. — predates the more rigorous admissibility standard identified
in Daubert and FRE 702. The old Frye
standard,51 which focused on general
acceptance in the relevant scientific
community, was replaced by Daubert’s
science-driven standard. The fact that
forensic evidence admitted under the
Frye standard continued to be admitted by courts after the Daubert standard
was introduced does not necessarily
speak to the methodological soundness
of the forensic evidence. This would
only be true if the courts that admitted the forensic evidence in question
properly applied the principles outlined
in Daubert. However, as others have
pointed out for years, courts have not
done this.52 Therefore, references to the
prior admission of forensic methods by
courts provide little or no evidence that
those methods have been vetted by the
Daubert or FRE 702 standards.
Regarding the second point, it is true
that forensic examiners in many disciplines are routinely tested. And it is true
that performance on these tests is often

Under FRE 706, a
trial judge may
appoint “any
expert . . . of its
own choosing”
to assist with
matters related
to determining
whether a particular
method is reliable
and valid.
quite good in the sense that few examiners commit major errors or otherwise
fail. But it is absolutely critical for trial
judges to understand that the tests that
examiners take — tests that are commonly
labeled “proficiency tests” and provided
to courts as proof of a method’s (or an
examiner’s) low rate of error — are not
designed to measure either the accuracy of a
method or the accuracy of an examiner who
uses that method. Instead, these tests are
“designed primarily to meet laboratory
accreditation demands, not to provide
individual examiners with ‘real world
casework-like’ samples.”53 In other
words, examiners’ successful performance on
existing proficiency tests tells us next to nothing about the rates at which forensic scientists
offer erroneous conclusions in casework. This
much is readily conceded by the test
manufacturers themselves. As one leading manufacturer cautions, “The design
of an error rate study would differ
considerably from the design of a proficiency test. Therefore, the results found
in [our] Summary Reports should not
be used to determine forensic science
discipline error rates.”54
Unfortunately, courts have either
ignored such disclaimers or been unaware
of them. This is a serious problem. The
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truth is that we know next to nothing about
the error rates associated with our forensic
scientists or our forensic science methods –including DNA methods. No one has done
the requisite studies.
But rather than taking my word for
it, or the word of some interested party
at trial, judges should do their own due
diligence on these issues. When doing
so, judges might consider enlisting
disinterested scientists who have relevant methodological expertise. Under
FRE 706, a trial judge may appoint “any
expert . . . of its own choosing” to assist
with matters related to determining
whether a particular method is reliable
and valid. Importantly, a forensic scientist would not qualify as a disinterested
scientist with methodological expertise.
Although a small proportion of forensic
scientists do have the requisite methodological skills to serve in this role,
forensic scientists should not be treated
as representatives of the broader scientific community. Unlike members of
the broader scientific community, forensic scientists have a powerful interest
in persuading judges that their methods are reliable and valid. Just as a trial
judge would not rely on a polygraph
examiner’s opinion about the reliability of his or her polygraph method, he
or she should not rely on the opinions
of a blood spatter expert, a bitemark
expert, or even a DNA expert when
assessing the reliability of the technique the expert uses. Verbal assurances
by interested experts do not fulfill the
reliability mandate outlined by Daubert
and FRE 702. Likewise, a recitation of
prior courts that have admitted similar
testimony does not provide adequate
proof of foundational validity. As stated
in the PCAST report, empirical studies
specifically designed to assess reliability, validity and error rate are not just a
good idea, they are required.
4
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CONCLUSION
It is undeniable that there are serious problems with the presentation of
forensic science evidence in U.S. courtrooms. In 2015, a widely-publicized
review of trial transcripts found that
testimony provided by FBI hair examiners prior to 2000 contained significant
errors and exaggerations in more than
95 percent of cases.55 In 2004, a NAS
report examined bullet lead evidence
and concluded that, contrary to what
forensic experts had said in 2,500 cases
since the 1960s, there was no scientific
basis to support a conclusion about
whether a particular bullet came from
a particular box of ammunition.56 In
2016, a forensic science commission
in Texas recommended suspending the
use of bitemark evidence in criminal
cases because, once again, there was no
scientific evidence that proved forensic
dentists can do what they say they can
do.57 Problems also have been identified
in our most admired forensic sciences.
In 2004, four of our nation’s top fingerprint examiners erroneously and very
publicly matched the fingerprint of
an innocent U.S. citizen to a partial
fingerprint recovered from the scene
of a major terrorist attack in Madrid,
Spain.58 Studies since that time have
shown that fingerprint examiners can
be induced to reach conclusions about
whether two prints match based on
considerations that have nothing to do
with the prints themselves.59 Studies
also have shown disagreement among
DNA examiners about whether pairs of
DNA samples match or not.60
The point is not that forensic science
is all unreliable junk science. The point
is that there are compelling reasons to
be concerned, these reasons are not new,
and the requisite scientific testing still
has not been done. Consequently, no one
knows how accurate any of the forensic
science conclusions are.

					

The power to fix
forensic science
evidence — to
subject the claims
to empirical
testing, to identify
the risk of error
associated with the
various methods,
to restrict expert
testimony to that
which is sufficiently
supported by
reliable facts and
data — resides with
the judiciary.
Comprehensive studies by scientific
bodies find that many forensic sciences
have not been validated and have not
provided scientific evidence that supports
a claim of low rates of error. Crime laboratory scandals in which examiners commit
a variety of errors — both intentional and
unintentional — are everywhere, and the
problems seem to be getting worse.61 Yet
neither trial courts nor appellate courts
have done anything to improve the
quality of forensic science evidence that
appears in court.
The problem is not the legal standards pertaining to the admission of
forensic science evidence as embodied
in Daubert and FRE 702. The problem
is with the failure by courts to take the
mandates of Daubert and FRE 702 seriously. It should be obvious that evidence
should not be judged reliable simply
because the evidentiary proponent says
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so or because other courts that used
lesser standards have said so. It should be
obvious that there is no burden on forensic science opponents to prove that the
proffered evidence is unreliable or that
the underlying methods frequently fail.
Daubert and FRE 702 create an affirmative burden on behalf of the evidentiary
proponents to produce sufficient
evidence of a method’s reliability before
the results that spring from that method
may be presented to the trier of fact.
The general scientific community, the
2009 NAS report, and the 2016 PCAST
report, can provide helpful guideposts
to trial judges for assessing scientific
reliability. Where feasible, judges also
should consider getting help from a
neutral expert who has strong methodological and scientific skills.
The power to fix forensic science
evidence — to subject the claims to
empirical testing, to identify the risk of
error associated with the various methods,62 to restrict expert testimony to
that which is sufficiently supported by
reliable facts and data — resides with
the judiciary. As Judge Nancy Gertner
has concluded, “until courts address the
deficiencies in the forensic sciences —
until courts do what [Daubert] requires
that they do — there will be no meaningful change here.”63
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Up to the courts:
managing forensic testimony
with limited scientific validity
By J. H. Pate Skene

U.S. District Court Judge Jed Rakoff of the Southern District of New York
tells the story of a firearms and toolmark examiner who appeared before
him in 2008, proposing to testify that the markings on shell casings found
at the scene of a crime matched shell casings from a gun found under
the defendant’s bed “to a reasonable scientific certainty.” As instructed
by Daubert v. Merrell Dow Pharmaceuticals, Inc., Judge Rakoff inquired
about the scientific basis for the examiner’s claim:
I held a Daubert hearing and I asked him, for example, “What’s your
error rate? And what’s the error rate of this methodology that you’re
using?”
And he said, “Zero.”
4
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I said, “Zero?”
And he said, “Yes.”
And I said, “How can it be zero?”
And he said, “Well, in every case I’ve
testified, the guy’s been convicted.” 1
Twenty-five years after Daubert made
trial judges the gatekeepers of scientific
evidence, leading scientists, scientific
organizations, and the courts remain,
in many cases, at loggerheads over standards for establishing the reliability of
scientific evidence. Nowhere has this
tension been more apparent than in
the continuing debates over the scientific validity of long-accepted forms
of forensic evidence in criminal law.
From the landmark 2009 report by the
National Research Council’s National
Academy of Sciences (NAS report)2 to a
2016 report by the President’s Council
of Advisors on Science and Technology
(PCAST report)3 and a 2017 study
from the American Association for
the Advancement of Science (AAAS
report),4 multiple studies by leading
scientists and scientific organizations
continue to find that many of the most
widely used forensic disciplines do not
meet the standards of scientific validity
that are routinely applied in scientific
research. However, the field of applied
forensic sciences often relies on practitioners’ practical training, experience,
and professional judgment. Many in
the forensics community argue that the
rigorous standards demanded by scientific research are neither realistic nor
appropriate indicia of reliability for
applied forensic sciences.5
Courts, for their part, have been
highly reluctant to exclude forensic
methods that have become integral to
modern criminal investigations and
prosecutions based solely on criticism by scientists outside the forensic
community.6 Different courts have cited
a variety of reasons for admitting chal-

					

lenged forensic methods7 consistent with
the “broad flexibility” of trial courts in
deciding how to assess the reliability
of scientific evidence and the Supreme
Court’s recognition that different criteria may be appropriate for evaluating
the reliability of different types of expertise.8 Courts have been more willing to
instead limit certain kinds of testimony
by experts from fields with limited
empirical evidence of validity; some
judges, for example, have allowed latent
fingerprint examiners or firearms experts
to testify about the similarities between
two sets of prints or shell casings but
have excluded testimony about the likelihood of such similar samples arising
from different sources.9 Critics argue
that this approach is ineffective and
can mislead jurors. They point out, for
example, that ordinary jurors generally
lack the specialized experience to identify limitations in a scientific method or
common sources of error in laboratory
procedures. Further, in the absence of
concrete information about uncertainty
and the potential for error in an expert’s
methods, jurors tend to give excessive
weight to “expert” conclusions.10
Further complicating admissibility
decisions for trial courts, scientific validity is not a binary determination but an
incremental process. Over time, many
independent studies progressively define
the validity of underlying principles and
methods, as well as their limitations,
error rates, and other variables. Empirical
studies early in this process may provide
meaningful evidence of validity but leave
important issues unresolved.11 Scientific
reviews like the NAS and PCAST reports
provide only a snapshot of the scientific
validity of a particular methodology at a
particular time.
In this evolving landscape, judges
need a coherent framework for deciding
at any given time whether the empirical
evidence, as it currently stands, provides
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a sufficient basis for the testimony in a
case. Is some minimum threshold of
empirical testing and validation necessary for admitting forensic testimony?
Should testimony from disciplines that
just meet the threshold for admissibility
be treated differently than disciplines
with more rigorous scientific testing
and validation? The answers lie in the
discretion of judges who confront the
evidence in a particular case. But the
options need not be reduced to a choice
between wholesale exclusion of evidence
that falls just short of the most rigorous standards of scientific validity or
total acceptance of methods that remain
scientifically shaky. The Federal Rules
of Evidence offer judges a range of tools
for managing expert testimony beyond
wholesale admission or exclusion.
Judicious use of these tools can accommodate both the incremental nature
of empirical studies of scientific validity and the need for courts to “resolve
disputes finally and quickly.”12
IT IS UP TO THE COURTS
Despite the significant response to the
2009 NAS report from many in the
forensic sciences community, the 2016
PCAST report and ensuing discussions
have shown that efforts to adopt more
rigorous scientific standards for validation and practice have been slow and
uneven, and that substantial disagreement remains over what level of
empirical testing and scientific validation is appropriate for forensic evidence.
Assessing the state of a subset of forensic
disciplines (feature comparison methods, including DNA identifications,
latent fingerprint analysis, and firearms
toolmark analyses, among others) seven
years after the landmark NAS report,
PCAST acknowledged significant progress in some areas, including creation of
the National Commission on Forensic
Sciences (NCFS) and notable empirical
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[T]rial-court discretion in choosing the manner of testing
expert reliability . . . is not discretion to abandon the gatekeeping
function . . . [nor] to perform the function inadequately. Rather,
it is discretion to choose among reasonable means of excluding
expertise that is fausse and science that is junky.
Justice Antonin Scalia, concurring, Kumho Tire Co. v. Carmichael (1999)
studies describing the reliability and
accuracy of latent fingerprint and firearms toolmark analyses.13 Nonetheless,
the report concluded that most of the
methods it evaluated still lack sufficient empirical evidence to demonstrate
scientific validity. Although the report
offered specific assessments of seven
forensic disciplines, it emphasized that
these would likely change over time as
methods and practices evolve and new
empirical studies emerge. Instead, the
PCAST recommendations primarily
focus on the overall criteria for evaluating scientific validity. The report’s most
fundamental conclusion is that empirical
evidence is the only basis for establishing
scientific validity, and thus evidentiary
reliability, of forensic science methods. “Well-designed” empirical studies,
according to the report, are especially
important for demonstrating reliability
of methods that rely primarily on subjective judgments by the examiners.
As in the larger conversation, responses
to the PCAST report encompassed a
wide range of viewpoints, but many of
the responses from the forensics and law
enforcement communities were harsh.14
In particular, forensic scientists often
pointed out that PCAST did not include
active forensic scientists and argued
that academic scientists with no training and experience in forensic methods
cannot adequately assess the reliability
of those methods. Substantively, some
critics objected to PCAST’s insistence
on empirical studies as the only reliable
basis for establishing scientific validity
of empirical claims. Those critics argue

that other factors, most notably training
and professional experience, can be sufficient to demonstrate reliability; indeed,
they argue, empirical evidence is often
unnecessary and inappropriate, especially for methods that rely primarily on
professional judgment that can only be
acquired through extensive training and
experience. Others agree that empirical
evidence is important for establishing
the reliability of forensic methods, but
object that the criteria PCAST proposed
for identifying “well-designed” empirical
studies sufficient to establish scientific
validity are both arbitrary and too rigid.15
Since the PCAST report and supplement were published, debates over
the reliability of forensic sciences and
testimony by forensics experts have
remained in flux. Sharp rebukes of the
PCAST report by critics in the forensics community continued in 2017.16
Attorney General Jeff Sessions allowed
the National Commission on Forensic
Sciences, established by the Obama
administration after the 2009 NAS
report was published, to expire.17 At its
final meeting, the commission rejected
proposals by two of its subcommittees
supporting more rigorous standards
for written reports and testimony by
forensic practitioners.18 The Attorney
General has since appointed a special
advisor on forensic sciences and established a working group within DOJ
to develop guidelines for testimony by
forensics experts.19
In response to these changes at the
Department of Justice, the AAAS and
other scientific societies have called on

the Attorney General to establish an
independent advisory group to continue
to identify gaps and limitations in the
scientific validity of forensic methods and to outline a research agenda to
address those gaps.20 The AAAS’s 2017
report on the scientific validity of latent
fingerprint analysis considered a broader
range of empirical studies than did
the PCAST report but concurred with
PCAST that empirical studies support
the foundational validity of fingerprint
analysis, albeit with a greater potential
for errors than previously recognized.21
The AAAS report also emphasized that
error rates may be even higher for the
method as applied in many crime laboratories. Standard procedures in many
laboratories allow examiners access to
other information about a crime, posing
a risk of “contextual bias.” Both AAAS
and NCFS have called for crime labs to
adopt “context blind” procedures and to
incorporate “blind testing” to determine
the validity and error rates for various
forensic methods as applied.22 A 2017
symposium convened at the National
Institute of Standards and Technology
(NIST) reported promising results from
such blind testing in a few crime laboratories, but also described logistical
barriers to widespread implementation
of similar programs.23 In many laboratories, for example, procedures for
submitting and processing samples
reveal information about the crime and
the submitting law enforcement agency;
such processes also allow analysts
to communicate with investigators
involved in the case before completing 4
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the forensic analysis. For these reasons,
it can be difficult to routinely introduce
test samples into an examiner’s workflow without detection.
As these continuing conversations
illustrate, there is no clear consensus in
the forensic science community about
the type and extent of empirical testing necessary to establish the validity
of forensic methods. The implementation of more rigorous practices and
procedures remains gradual and uneven
between disciplines and individual
forensic laboratories. For the foreseeable future, it is likely that courts will
face proffers of forensic testimony based
on methods and practices that reflect a
broad spectrum of empirical testing and
scientific validation. As a result, it is
clearly up to the courts to determine the
levels of scrutiny and scientific validity
required in order to admit testimony
by traditional forensic science experts.
Are scientists right that rigorous empirical studies are the only reliable basis
for assessing scientific validity? Or are
forensic scientists right that those scientific standards are too rigid, and in
some cases inappropriate, in some areas
of applied forensic sciences? Does it
depend, as some courts have suggested,
on the nature of the testimony?
Those decisions resonate beyond the
courtroom. For much of the public, crime
laboratory forensics are the most visible,
and often the defining, example of scientific evidence as a source of confidence
and legitimacy for the criminal justice
system. Daubert and Kumho Tire give
trial courts wide discretion in deciding
these questions, and both cases explicitly
recognize that the factors appropriate for
assessing the reliability of expert testimony might differ for different kinds of
expertise.24 But that leaves trial judges to
resolve the competing claims from the
scientists insisting that “well-designed”
empirical studies are the only reliable

					

basis for assessing scientific validity and
the critics who argue that those scientific
standards are too rigid, or are even inappropriate, to serve as indicia of reliability
in applied forensic sciences.
EMPIRICAL STUDIES:
CROSS-EXAMINING SCIENCE
The current state of empirical studies for
scientific validity of the forensic sciences
— what PCAST called “foundational
validity” under Rule 702(c) — varies
widely for different disciplines, ranging
from thousands of research studies for
DNA analysis of single-source samples25
to perhaps a dozen studies for latent
fingerprint analysis26 to no empirical
evidence for the validity of bitemark
analysis.27 Well-controlled empirical
studies to establish error rates for those
methods as applied in routine practice
(Rule 702(d)) remain rare, but are beginning to be implemented in some areas.28
As a result, at any given time, there can
be a wide variation in the strength of the
empirical evidence supporting the foundational validity of a forensic method
and the amount of variability in the
method as applied. Along this spectrum,
how much is enough to admit forensic
evidence? What can courts do when the
empirical evidence of scientific validity
for an expert’s testimony is “just barely”
enough — what the Daubert court called
“shaky but admissible” evidence?29 One
way to approach that question is to ask
what work empirical evidence does in
science and how that relates to the goals
of evidence law.
While it is common to say that
empirical studies are designed to prove
a scientific principle or establish the
validity of a method, it is more accurate
to say that the role of empirical studies
in science is to probe for flaws and define
the limitations of a principle or method.
Embracing that point, the Daubert court
cited the philosopher of science Karl
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Popper, who focused on “falsifiability” as the defining feature of science.30
While other philosophers of science,
like Thomas Kuhn and Robert Merton,
differ from Popper in important ways,
they embrace the essential role of empirical evidence in probing the limits of
empirical claims and the unique ability of empirical studies to reveal errors
or limitations in a way that cannot be
ignored or rationalized away.31
This is especially true when the goal
of a study is to test the reliability and
accuracy of a widely accepted principle
or method. Well-designed empirical
studies probe for weaknesses and limitations, uncertainty, and the potential for
error in the principle or method, just
as cross-examination probes a witness’s
direct testimony in court. The analogy
between empirical studies in science
and cross-examination in law is not
coincidental. In fact, 400 years ago,
cross-examination in legal practice was
one model for the development of empirical science. In 1620, Francis Bacon, a
lawyer, former attorney general, and
lord chancellor of England, articulated
what would be the foundations of a new
scientific method grounded in empirical observations and experiments.32
Four centuries ahead of modern research
on cognitive biases, Bacon argued that
human thought is exquisitely susceptible to systematic distortions of
perception, interpretation, and reasoning, which he called the “idols” or
“illusions” of the human mind.33 And,
as Bacon noted and modern cognitive
science confirms,34 our strongest and
most consistent cognitive biases operate
primarily in one direction — systematically overweighting evidence consistent
with prior beliefs and systematically
ignoring or discounting evidence that
conflicts with those beliefs.
Only well-designed empirical tests,35
Bacon argued, provide a sufficient mech-
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anism for revealing errors or limitations
of scientific principles or methods in
a way that cannot be rationalized or
dismissed on the basis of subjective
judgments. Bacon famously imagined
his new approach to science as a kind
of trial of scientific ideas.36 And in that
trial, the function of empirical studies
is to test the reliability of a scientific
claim, probing for weaknesses, errors,
inconsistencies, limitations, or alternative explanations as a lawyer probes
an ordinary witness in court. “[T]o
use the language of civil procedure,”
he declared, “we intend, in this Great
Suit or Trial . . . to cross-examine nature
herself.”37 (Emphasis added.)
The analogy to cross-examination
offers a useful framework for thinking
about the role of empirical studies in
deciding admissibility of expert testimony in law. The Daubert court itself,
contemplating the possibility of admitting expert evidence that falls short of
the most rigorous scientific standards,
emphasized that “vigorous crossexamination, presentation of contrary
evidence, and careful instruction on the
burden of proof are the traditional and
appropriate means of attacking shaky
but admissible evidence.”38 At the same
time, the Court cautioned that these
tools may be less effective for experts
than other witnesses: “Expert evidence
can be both powerful and quite misleading because of the difficulty in evaluating
it. Because of this risk, the judge in
weighing possible prejudice against
probative force under Rule 403 of the
present rules exercises more control over
experts than lay witnesses.”39
As the Daubert court recognized, most
jurors will lack the specialized knowledge and experience required to evaluate
the reliability of an expert’s principles
and methods or the significance of issues
raised on cross-examination, especially
when dealing with scientific or technical

By definition,
jurors without
specialized training
and experience in
scientific analysis
lack the foundation
they would need to
identify limitations
or weaknesses in an
expert’s methods on
their own.
experts. In addition to specific knowledge of their field, scientists routinely
rely on procedures and modes of inference that are not typically encountered
in daily life. Jurors will rarely have any
basis in their own experience for recognizing the limitations that might be
obvious to other scientists, or the statistical training to interpret and apply
error rates correctly. Forensic methods in
which the essential steps in analysis rely
on the subjective judgment of an examiner magnify those concerns. Neither
judges nor jurors can see inside the
examiner’s brain to assess consistency
and accuracy, or the possible influence
of cognitive biases or simple errors in
an examiner’s analysis. To decide what
weight to give the expert’s testimony,
jurors must look to their own experience and intuitions, including their own
preconceptions about the reliability and
accuracy of forensic methods40 and the
confidence of the testifying expert. By
definition, however, jurors without
specialized training and experience in
scientific analysis lack the foundation
they would need to identify limitations
or weaknesses in an expert’s methods on
their own. Further, because the examiner’s subjective experience both is
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inaccessible to any outside observer and
relies on the very expertise that separates her from jurors, cross-examination
is unlikely to be effective in probing for
those weaknesses and limitations.
From that perspective, one essential function of empirical studies is to
return jurors to the process by defining limitations and the potential for
error in an expert’s methodology using
terms laypeople can understand. This
requires empirical studies that are sufficiently well designed, that define error
rates and uncertainty clearly, and that
are sufficiently applicable to the realworld work of the testifying expert to
allow jurors to properly evaluate the
testimony. In the absence of such empirical evidence, jurors have no meaningful
basis for deciding what weight to give
the testimony, and a court will need to
consider whether the risk of confusing
or misleading the jury, and the impediments to cross-examination, are too
high to admit the expert’s testimony.
A SPECTRUM OF SCIENTIFIC VALIDITY
Scientific critiques of forensic sciences
uniformly insist on what the PCAST
report called “a central tenet of science:
An empirical claim cannot be considered
valid until it has been empirically tested.”41 Yet Daubert, Kumho Tire, and the
language of Rule 702 expressly recognize
that expertise might be based on other
factors, including training and experience.42 Why are scientists so insistent
on empirical studies? And how much is
enough? Scientists make a clear distinction between principles and methods
with empirical evidence of reliability and
those that lack any empirical validation.
But rigorous scientific validation builds
incrementally over the course of multiple, independent, well-designed studies
of accuracy, and there is no fixed point
at which a scientific method crosses from
dodgy to scientifically valid. Forensic 4
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methods that have not yet reached that
level of validation might nonetheless
qualify as “shaky but admissible.” In
deciding how much empirical validation
is enough to admit forensic evidence,
and how to manage evidence that is
shaky but admissible, it helps to understand why scientists insist on multiple,
well-designed empirical studies as the
gold standard for scientific validity.
The fundamental reason scientists and engineers insist on empirical
studies is simple. People whose work
necessarily includes empirical feedback
on the accuracy of their ideas and methods quickly discover how often that
empirical feedback reveals anything
from simple errors in carrying out a
procedure to fundamental limitations of
a principle or method they considered
well established.
This is not limited to research scientists. Imagine, for example, an auto
mechanic whose expertise is based
entirely on practical training and
experience diagnosing problems with
automotive engines and fuel systems.
The principles and methods she learns
in her training are likely based on
extensive empirical research and testing
by engineers and designers. Moreover,
regular practical experience in diagnosing and repairing engines and fuel
systems provides continual empirical
feedback on how reliably she applies
those principles and methods: If the
mechanic mistakenly declares that a
car will not start because of a faulty
fuel pump, replaces the fuel pump,
and then attempts to start the car, she
immediately discovers her error. If she
has charged a customer for the new
fuel pump, the error is likely to be
brought to the mechanic’s attention
in a way she cannot easily overlook. A
court might reasonably find that years
of experience, informed by that kind
of empirical feedback, is sufficient to

					

In deciding how
much empirical
validation
is enough to
admit forensic
evidence, and how
to manage evidence
that is shaky but
admissible, it helps
to understand why
scientists insist
on multiple,
well-designed
empirical studies as
the gold standard
for scientific
validity.
show that the mechanic’s principles and
methods for diagnosing engine and fuel
system failures are reliable. The same
might be said of electricians, plumbers,
engineers, airplane pilots, and a host
of other experts whose work routinely
includes empirical outcomes that reveal
errors or less-than-optimal outcomes.
By contrast, forensic scientists in
many disciplines get little or no empirical feedback on the accuracy of, and
any errors that might result from, the
ordinary course of their work. This
is particularly true for disciplines in
which the critical steps of analysis rely
on subjective judgments by the examiners, including analyses of latent
fingerprints, firearms, shoe and tire
impressions, hair, and bitemarks. To
be sure, examiners in those disciplines
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receive training and proficiency testing
that includes analysis of known samples,
but in those situations examiners know
that they are being tested and may
consciously or subconsciously adjust
the way they perform their analysis.43 In
most proficiency tests, furthermore, the
test samples do not represent the range
of samples encountered in normal practice, but are instead designed with the
expectation that all competent examiners will correctly identify the samples.44
As a result, examiners receive little or no
empirical feedback that can alert them
to the possibility of errors.
In the absence of that kind of objective feedback, research across a variety
of professional fields shows that training
and experience without objective feedback increases the confidence of experts
in their own knowledge and skills, but
that confidence does not correlate with
objective measures of skill or accuracy.45
Psychological studies show that consistently following an established procedure
is enough to increase confidence, even
when the procedure itself produces
inaccurate results.46 Furthermore, individuals with the lowest ability to reflect
on their own susceptibility to error
(what researchers call “meta-cognition”)
tend to be the most overconfident in
their own expertise and accuracy.47 As a
result, the amount of training or professional experience, in itself, provides very
little information about the reliability
of an expert’s principles or methods as
a basis for empirical statements. Rather,
the value of training and experience as
a proxy for reliability depends on the
quality and amount of objective, empirical feedback to define the accuracy and
limitations of the expert’s methodology.
Because empirical testing of a scientific principle or method is a cumulative
process, the quality and amount of
empirical testing supporting an expert’s
methodology can span a wide spectrum,

JUDICATURE

			

from anecdotal empirical feedback
acquired in the course of professional
experience to rigorous empirical studies
of accuracy, error rates, and other limitations. How much empirical testing is
enough for admissibility? Scientific
critics of forensic sciences emphasize
the importance of multiple, well-designed
empirical studies in order to establish
the scientific validity of forensic disciplines and the accuracy of their methods.
Centuries of experience with the scientific method, across disciplines from
physics to biochemistry to psychology,
have taught important lessons about
basic elements of experimental design
and how to conduct empirical studies
of this kind in a way that minimizes
and controls for a wide range of factors
that can lead to misleading results, from
unintended biases in sample selection
to cognitive biases in interpretation to
statistical flukes — what the PCAST
report called “well-designed” studies.
Following good study design greatly
reduces the uncertainty of the results,
but no single study can be definitive.
Multiple studies increase reliability by
gradually decreasing the range of uncertainties — indeed convergence of results
from multiple studies can sometimes
compensate or correct for design flaws or
limitations of the individual studies.48
Moreover, multiple empirical studies can provide a wealth of information
about the weaknesses and limitations
of a method, variation in its application, and uncertainty in the results
or their interpretation. What kinds
of test conditions affect the accuracy
of the method? How much do small
variations in procedure alter the accuracy of results? Are some samples more
difficult to analyze or likely to produce
inaccurate results? Multiple, well-designed studies help to define the sources
of variation, conditions that affect the
reliability results, and error rates under

various conditions, all of which can
help jurors understand both the validity
and limitations of results obtained in a
particular case. More limited empirical
testing may provide some important
evidence regarding the foundational
validity of a method, but will generally
leave greater uncertainty about those
conclusions and how they apply to the
method as applied in a particular case.
In those cases, courts must grapple with
whether cross-examination can be an
effective alternative for identifying any
weaknesses or limitations of the testimony in a way jurors can understand.
SHAKY BUT ADMISSIBLE FORENSIC EVIDENCE —
WHAT’S IN THE TOOL BOX?
With the exception of DNA analysis
of single-source samples, none of the
forensic methods reviewed by PCAST
has yet met rigorous criteria for both
foundational validity (Rule 702(c))
and validity as applied (Rule 702(d)).49
Other methods, however, have reached
important waypoints in the validation
process. Both PCAST and the AAAS
working group conclude, for example,
that recent empirical studies support
the foundational validity of latent
fingerprint analysis, although they
applied different criteria for identifying
the relevant empirical studies.50 Both
groups still urge substantial caution
in extrapolating from those studies to
the overall validity and error rates for
fingerprint analysis as applied in ordinary practice.51 The PCAST report
identified one study of firearms analysis
that met its criteria for well-designed
empirical studies,52 just short of the two
independent studies it recommends as a
minimum criterion for scientific validity.53 As empirical studies of these and
other forensic methods continue, courts
will certainly face challenges to the reliability of forensic methods supported by
varying degrees of empirical evidence.
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When an expert’s testimony is based
on principles and methods that lack
any substantial empirical evidence of
scientific validity, judges who embrace
the widespread view of scientists that
empirical studies are essential for scientific validity might use their discretion
to exclude the testimony. On the other
hand, given the “liberal thrust” of
modern evidence law and the broad
discretion of trial judges in deciding on
the admissibility of expert evidence, a
judge may be inclined to admit evidence
supported by empirical data that falls
short of the most rigorous criteria for
scientific validity. In those cases, courts
have a variety of tools for reducing the
risk of prejudice, confusion, or misleading jurors and the related impediments
to effective cross-examination.
LIMITING TESTIMONY
One of the most obvious (and widely
used) tools is the language of Rule 702
directed at testimony. Rather than all-ornone admission of an expert or scientific
discipline, some courts have allowed
forensic experts from disciplines like
latent fingerprints, firearms, and handwriting analysis — whose reliability
traditionally has been based on training and experience rather than empirical
validation — to testify about the similarities between two sets of prints, or
shell casings, or writing samples, while
excluding statements about the likelihood that such a similarity might arise
in samples from separate sources.54
More recently, scientists, legal scholars,
and forensic practitioners have devoted
considerable attention to the importance
of monitoring testimony about confidence, statistical uncertainty, error rates,
and the likelihood of alternative conclusions based on the forensic results in a
particular case.55
Is limiting the scope of testimony
effective? Research on experience-based 4
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expertise does support the FIGURE 1. CHAIN OF INFERENCES AND LOGICAL GAPS
intuition that training and
experience can improve the
CONCLUSION
ability of experts to iden- ITEM TESTED
tify and categorize specific
features in complex patterns
METHOD
PRINCIPLE
PROTOCOL
and can enhance strategies
for comparing those features
across sample, even when
those experts do not receive
direct empirical feedback on
INT
the accuracy of their observaER
PR
ETA
tions. Thus, a judge might
TIO
N
reasonably find that the
extensive training and professional experience in latent
fingerprint analysis, firearms
analysis, and other subjective
feature comparison methods Every step must be adequately supported by empirical evidence. If one step in the logical chain is invalid, the results
provide a reliable basis for are invalid. e.g., In re Paoli R.R. Litig., 35 F.3d 717 (1994); Joiner; In re Zoloft, 858 F.3d 787 (2017).
testimony that simply points
out the extent of similarities or differences between two or more heuristics and biases show that people empirical studies encompass a suffitend to fill in gaps in a logical chain cient range of samples, test conditions,
samples.
That, however, does not end the using common heuristic devices, like and examiner qualifications to provide
inquiry. The relevance of such testimony the “availability heuristic”; this means a reasonable estimate of the error rate
depends on a chain of inferences lead- that without explicit information point- for the method as applied in the current
ing from the expert’s observations to a ing out a gap in the logical chain from case, or to provide a basis for effective
conclusion that makes some fact in the observation to conclusion, jurors are cross-examination on that issue.
case more or less probable (see Figure more likely to link the expert’s limited
1 above). In order for the conclusion to testimony to the implied conclusion that JUDICIAL INSTRUCTIONS AND BACKGROUND
be scientifically valid, every step in the the similarities the expert has pointed EXPERTS
chain of inferences supporting it must be out are very unlikely to be produced by In addition to limiting the scope of
expert testimony, trial judges have broad
valid. Courts have agreed that, if any step different sources.57
Gaps can occur at any step in the discretion to manage the traditional tools
in the logical chain is invalid, the results
are invalid.56 In the example of feature logical chain, of course. One step that for probing weaknesses and alternative
comparison experts, the critical link in is likely to be particularly important interpretations of any testimony, includthe logical chain is an empirical state- in the near term is the link between ing cross-examination, the presentation
ment about how likely it is that similar empirical studies that address the foun- of other experts, and judicial instrucfeatures pointed out by the witness dational validity of a forensic method tions.59 In the case of expert witnesses,
could arise from two different sources. and the accuracy of that method as it is always important to consider how to
Any statement by the witness on that applied by a specific examiner using the apply those tools so that jurors have the
issue would need to be based on scientif- samples in a particular case, especially information they need to decide what
ically valid empirical data. On the other for disciplines like latent fingerprint and weight to give the expert’s testimony.
hand, simply omitting any testimony firearms analysis, which already have Those considerations can be especially
on this step in the logical chain will significant empirical evidence of foun- important in the case of forensic experts
sharply increase the risk of confusing or dational validity.58 Courts in those cases whose methods have undergone limited
misleading jurors. Research on cognitive will need to ask whether the available empirical validation and where jurors
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may have particular difficulty evaluating
the reliability of the testifying expert’s
methods and conclusions.
In the ideal case, scientific methods
will have undergone rigorous empirical testing that encompasses multiple
well-designed studies by independent
researchers exploring a wide range of
samples and test conditions, including the method as applied in normal
practice. Results from these empirical studies would provide jurors with a
direct and well-defined error rate for the
method as applied to the same type of
samples and under the same conditions
as in the case at hand. Unfortunately, the
current empirical testing for most forensic methods is not that extensive and is
unlikely to reach that level in the near
term. Where available empirical studies are more limited, jurors will have
more difficulty understanding how the
error rates or other measures from the
available studies do or do not apply to
the results and conclusions presented by
the expert in the present case. A limited
amount of empirical testing, for example, might be sufficient to show that
a principle or method is scientifically
valid in principle, but not enough to
define error rates, uncertainty, or other
limitations of the method as applied in
the case at hand.
Cross-examination in that situation is
also unlikely to be effective on its own.
Jurors are unlikely to have the training
or personal experience needed to evaluate the significance of limitations in the
design or scope of empirical studies of
a forensic method, or of any deviations
from best practices in laboratory procedures or the expert’s methods. Testifying
experts whose training and experience is
in those forensic disciplines that have
not traditionally incorporated extensive empirical testing and procedural
controls may not have the expertise to
address questions about those limita-

In addition to
limiting the
scope of expert
testimony, trial
judges have broad
discretion to manage
the traditional
tools for probing
weaknesses and
alternative
interpretations
of any testimony,
including crossexamination, the
presentation of
other experts,
and judicial
instructions.
tions effectively on cross-examination
to questions. This could raise potential
Confrontation Clause concerns.60
To provide jurors with the background
information they need to evaluate the
expert’s testimony in those cases, and to
enable effective cross-examination, courts
may need to apply other available tools
with particular vigor. Trial judges clearly
have the option to allow testimony by
experts (including neutral experts under
Rule 706) to provide information about
design and controls in laboratory procedures, for example, or considerations
in applying error rates from the foundational studies to the methodology as
applied by the testifying expert in the
present case. Some courts have allowed
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this testimony with regard to the reliability of eyewitness identifications, where
years of scientific research had found that
factors affecting the formation and recall
of memories by eyewitnesses differ in
important ways from common preconceptions.61 Alternatively, in the case of
eyewitness identification, a number of
scholars have suggested that judicial
instructions might be a more concise
and effective way to inform jurors about
key findings from the relevant research.62
Judges could choose to offer such instructions regarding testimony by forensics
experts when jurors are likely to harbor
preconceptions about the scientific validity or infallibility of forensic methods
that are inconsistent with the current
state of empirical studies.
The need for these tools will be
lowest where empirical studies provide
the most extensive and granular information about sources of variation,
limitations, and error rates for a forensic
method in a form that jurors can understand and apply directly to the testimony
in a particular case. That would include
well-designed tests of the method as
applied in regular practice. Conversely,
the need for expert witnesses or judicial
instructions to augment jurors’ understanding of the issues increases when the
available empirical studies are limited
or have not directly tested error rates
for the method as applied in regular
practice by the testifying expert in the
present case. In effect, expert witnesses
or judicial instructions are needed to
help jurors understand what information is missing from the available
empirical studies.
This is the situation described in the
recent AAAS assessment of latent fingerprint analysis63 and the PCAST review of
firearms analysis.64 Both reviews found
that a limited number of empirical studies provided reasonably strong evidence
of foundational validity for both meth- 4
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ods, including specific error rates for
experts under the test conditions. For
both fingerprint and firearms analysis,
however, PCAST and AAAS pointed
out that experts in the empirical studies
were aware that they were being tested,
which can alter the way the examiners analyze the test samples. That does
not mean that the empirical studies are
not well-designed and useful, but the
PCAST and AAAS reviewers emphasize
that the study designs make it difficult
to extrapolate directly from error rates
measured in the empirical studies to
the potential for error in actual practice.
Based on the evidence of foundational
validity for these methods, judges that
have long admitted both latent fingerprint and firearms analysis are unlikely
to exclude that testimony in the wake of
the recent studies. But they could opt to
allow expert testimony or offer judicial
instructions to help jurors understand
both the strength of the recent empirical studies in validating these methods
and the need for caution in applying
error rates from those studies to the
expert testimony in a specific case.
SUMMARY
As empirical testing in forensics moves
forward, courts will continue to face
challenges to forensic evidence with
varying degrees of empirical validation,
which may include substantial empirical evidence of validity that nonetheless
falls short of the most rigorous criteria for
scientific validation, either foundationally or as applied. While courts have wide
discretion to decide a minimum threshold of scientific validity for admitting
forensic evidence, their options are not
limited to wholesale exclusion or unlimited admission. However, “shaky but
admissible” testimony increases the risks
of prejudice or confusion resulting from
juror preconceptions and cognitive biases
about forensic evidence, invites jurors to

					

draw inferences from limited testimony,
and introduces the need for specialized
knowledge to evaluate issues raised on
cross-examination. Courts may need to
take particular precautions, including
the use of expert witnesses or judicial
instructions, to ensure that jurors have
the background information and guidance they need to appropriately evaluate
a forensic expert’s testimony and interpret issues raised on cross-examination.
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