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In the last decade, a number of sci-
entists have published articles and
testified in court, explaining the

ways in which they believe that
some of the forensic sciences do not
meet reliability standards and that
laboratories make errors. The explo-
sion of exonerations resulting from
DNA technology has raised ques-
tions about the accuracy of many
forensic sciences and the quality of
some laboratory testing. A substan-
tial number of these defendants can
point to erroneous forensic science as
a contributing cause of their wrongful
convictions. In the courts, increasing-
ly, the parties have substantial and
serious disagreements about the qual-
ity of forensic science. 

The adoption of the reliability
standard for expert evidence in feder-
al courts and many state courts has
created a daunting task for trial
judges who must grapple with any
number of complex, scientific, and
technical forms of evidence. Judge
Kozinski first recognized the enormi-
ty of the effort in the remanded
Daubert decision, summarizing the
new mandate and remarking, “We
take a deep breath and proceed with
this heady task.”1 Because the
Supreme Court, many state courts,
and the Federal Rules of Evidence
have extended proof of reliability to
all forms of expert testimony,2 courts
must grapple with questions concern-
ing forensic expert evidence that is a
part of many criminal prosecutions.
Make no mistake—this is a challeng-
ing task, and many judges wrestle
with the proper application of relia-
bility standards to this type of evi-
dence. This article provides some
assistance to the judges dealing with
the complexities of forensic science
expert testimony.

We offer three kinds of guidance
concerning the proper role of foren-
sic science. The first part of the 
article provides an exposition of the
types and uses of forensic science

exclusion of all others. That is not 
a goal shared with any conventional
sciences, and thus the methods and
principles of these specialties have
not been derived from conventional
sciences. Rather, the methods and
principles employed by the individu-
alization specialties—involving the
comparison of such things as bite
marks, bullets, fingerprints,
footwear, hair, handwriting, and so
on—were invented by and for these
specialties themselves. 

The identification/quantitation 
specialties thus differ from the indi-
vidualization specialties in several
important ways: In goals and origins
and in a panoply of additional theo-
retical, empirical, and technological
areas. Though the forensic sciences
often define themselves as the appli-
cation of science to problems of law,
this description is more obviously
true of identification specialties than
of individualization specialties. 

DNA typing is the exception. It 
is the first individualization science
derived from traditional science. It
thus serves as an illuminating coun-
terpoint to and model for the other
individualization sciences.

Areas not asserting individualiza-
tion: identification and quantitation.
General forensic testing includes the
analysis of such liquids as blood or
urine to determine, for example, blood
type and enzymes. This type of testing
also analyzes solids, such as clothing
or other materials, to ascertain the pres-
ence of gunpowder residue or blood
stains on the fabric. The following 
sections discuss the various methods
commonly used in crime laboratories
in the areas of identification.

Serology testing. Laboratories
often must first determine whether a
reddish-brown stain is indeed blood
and, if it is, whether it is of human
origin. After presumptive tests sug-
gest that blood is present, additional
confirmatory immunological tests6 are
then performed to determine if it is

frequently proffered. The second part
addresses the notable questions,
problems, and concerns about foren-
sic science. The article closes with
suggestions for approaches that may
assist courts when confronting these
questions and concerns.

Nature and Goals of the
Forensic Sciences

Although three areas of forensic
science are generally recognized—
identification, individualization, and
reconstruction—we address only 
the identification and individualiza-
tion spheres, and focus primarily 
on the problems associated with 
individualization.

Identification/quantitation ver-
sus individualization. An important
distinction exists among the forensic
sciences. The identification/quantita-
tion specialties typically are derived
from conventional basic sciences,
from which these forensic specialties
have inherited well-developed and
well-tested principles applicable to
answering disputed factual questions
in litigation. The parent field most
often is chemistry, though principles
are drawn from physics or biology.
The goal of these specialties typically
is to identify a substance (that is, to
determine what something is) and to
quantitate it (that is, to measure how
much of that something there is).3 For
example, what chemical is a certain
powder, and how much of it is pres-
ent? Does a cadaver contain poison,
what kind, and how much? These
fields, based on conventional science,
are considered highly reliable and are
rarely challenged in court unless a new
technique is presented or evidence of
negligence or fraud exists.4

The individualization5 specialties
have quite different goals from the
identification sciences. The individu-
alization specialties seek to associate
an item of evidence found at a crime
scene with its unique source, to the
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human. Presumptive tests for blood
tend to be very sensitive (needing
small amounts of blood to generate 
a positive result) but are also prone 
to false positive results (commonly
encountered materials unrelated to
blood give results that cannot be dis-
tinguished from those for blood). In
contrast, confirmatory tests rarely
give false-positive results but require
larger amounts of material for testing
and more often give rise to false neg-
ative results (a tested sample really
does contain human blood but the test
reports that it does not). Most testing
laboratories will subject samples that
test positive for blood with either 
presumptive or confirmatory tests to
genetic typing.

In addition to analyzing blood,
serological tests can also be performed
to determine the presence or absence
of other bodily fluids, such as semen,
urine, saliva, and other physiological
fluids.7 Semen and blood can be iden-
tified with virtual certainty, but fluids
such as saliva and urine can be only
presumptively identified.8

Chromatography. Gas and liquid
chromatographs are common fixtures
in crime laboratories throughout the
country. They are used to detect the
presence of various components in a

sample. For example, bodily fluids can
be tested by chromatography to deter-
mine whether they contain poisons,
drugs, or alcohol.9 Chromatograph
results are both qualitative, by identi-
fying a component’s presence, and
quantitative, by measuring the
amount of that substance.10

Microscopy. Various types of
microscopes are used in crime labora-
tories, including the commonly
employed stereo-binocular micro-
scope, which provides a magnified
image of the object as it actually
appears, allowing the viewer to see
the three dimensions of length,
breadth, and depth.11

Microscopes are used to separate
small amounts of trace materials that
are relevant to a crime scene (such 
as material in a pant cuff), or to look
closely at pieces of larger items to
determine whether they contain
bloodstains or markings.

Although polarizing microscopes
allow examiners to study physical and
chemical properties of specimens,
comparison microscopes are employed
to permit examination of two speci-
mens at the same time.12 By employing
an optical bridge, comparison micro-
scopes allow various samples to be
viewed in a single field, for example,
to determine whether two fibers are
similar or not. 

Of a more sophisticated nature 
are scanning electron microscopes
(SEMs), which produce magnifica-
tion in excess of 300,000 times, far
greater than other microscopes, which
generally do not exceed the power of
2,000.13 SEMs use a beam of electrons
directed at the item in question. When
the beam strikes the surface, the inter-
action generates secondary electron
emissions, which create a micrograph
of the image that appears in shades of
gray, black, and white, and permits
observations of objects and character-
istics that were not visible even with
the strongest optical microscope. 14

Areas asserting individualiza-
tion. In principle, all forensic individ-
ualization specialties assume unique-
ness in the markings and objects of
interest: fingerprints, handwriting,
hair, bite marks, tool marks, etc.
These unique differences are assumed
to be the product of random varia-
tions in the creation of, or changes 
in, the objects. These variations are
explained, if at all, by the notion of
the multiplication rule in probability
theory, which suggests that where 
different objects vary on numerous
attributes, the probability of any two
of them sharing the same attributes is
extremely small.15 They assume, fur-
ther, that although not all features are
“individualizing” (some features are
“class” characteristics, shared by
numerous persons or objects in the
class), at least some are unique to the
particular object or person. Part of the
claimed skill is to distinguish class
from individual features and not to 
be fooled by subclass characteristics.
Judgments of inclusion or exclusion
require careful comparisons of fea-
tures. When marks (or material) are
found at a crime scene or elsewhere
that might have been left by the per-
petrator or crime victim, examiners
compare that questioned evidence to
those known to belong to a suspect or
victim to determine whether the two
can be associated or excluded. 

Exclusion is easier to determine
than association. If two marks differ
in any unexplained way, they cannot
share a common source. Inclusion
requires a judgment that (1) two sets
of features are indistinguishably alike
and (2) those similarities are shared
by no other person or object. None of
these specialties, except DNA typing,
possesses a database that permits the
calculation of an objective probability
of the likelihood that other persons 
or objects share those same features
(known to statisticians as the proba-
bility of a coincidental match).
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Except where noted below, the basic
concepts and methods employed in
the earliest days of a specialty contin-
ue to be used today. Advances have
taken place in peripheral technologies
(e.g., improved photographic tech-
niques or chemicals for making latent
fingerprints visible), not in the core
theory by which judgments of associ-
ation or exclusion are made.16

DNA evidence—nuclear and 
mitochondrial. By far the most sound-
ly based of the forensic individualiza-
tion sciences is nuclear DNA (nDNA)
testing; mitochondrial DNA (mtDNA)
testing is less discriminating.
Although DNA testing does not
declare a match between a known and
unknown sample, it expresses the
likelihood in statistical terms that the
sample in question came from some-
one other than a suspect.17 Since DNA
testing was first used in the late
1980s, three methods commonly are
used to generate DNA profiles: the
restriction fragmentation length poly-
morphism method (RFLP), the ampli-
fication method using polymerase
chain reaction (PCR), and the short
tandem repeats test (STR).18 Almost
all DNA testing laboratories currently
perform STR tests due to the tests’
sensitivity, discriminatory power, and
ability to yield results quickly. These
tests take DNA and create a numeric
inventory of which genetic markers
are present at several—usually thir-
teen—different locations on human
chromosomes. Comparisons can then
be made between the sample in ques-
tion and a known sample to see if
they have the same sets of observed
markers. If the samples do not match,
the known sample can be eliminated
as the donor of the DNA in question.
This is how DNA is able to effectively
exonerate people. If the samples
appear to match, then the scientist can
calculate the probability that the sam-
ple in question came from a genetic
donor other than the known source.

Over the last two decades, DNA
has gained widespread acceptance in
both scientific and legal literature as 
a reliable form of scientific evidence,
although like any other scientific
endeavor, it is not infallible.

Recently, mtDNA has entered the
forensic arena. First used to identify
remains, it is now used to test hair,
bones, and teeth to determine identity.19

Unlike nDNA, mtDNA is not a unique
identifier, since mtDNA is shared by
maternal relatives. Although siblings
will typically be indistinguishable at
the level of their mtDNA sequence,
the test is useful where nDNA is not
available.20 Although the process for
creating mtDNA profiles is very simi-
lar to that used in generating STR
profiles from nDNA, mtDNA does
not have the same probative value—
the frequency of the most common
mtDNA sequence is one in twenty-
five, and the frequency of a common
nDNA profile is estimated at one in
ten billion.21 To date, several courts
have found mtDNA sufficiently trust-
worthy to be admitted.22

Fingerprints. The accepted trust-
worthiness of fingerprint comparison
has led to the use of the word “finger-
print” to describe an individualization,
a “DNA fingerprint,” for example.
Fingerprint comparison has been used
in courts for a century23 and, until
recently, its ability to individuate had
never been challenged; there is an
almost universal belief that each 
fingerprint is unique and fingerprint
comparison is an almost error-free
science.24 In the last few years, how-
ever, critics have challenged the claim
of infallible comparisons. 

A fingerprint is made when the
friction ridge skin on the fingertip
leaves an impression. These friction
ridges are the corrugated skin on fin-
gers, palms, and soles; they leave a
“print” when a medium from the
skin—such as body oils, blood, or
sweat—touches a surface and trans-

fers the friction ridge pattern. Prints
that are not readily visible—latent
prints—require the use of a powder or
chemical that adheres to the medium
to make them visible.25 Fingerprints
can also be lifted with tape from a
surface and transferred to a card, a
method that can also record surface
details—such as scratches—in addi-
tion to the fingerprint.26

Fingerprints taken from subjects
are generally quite different from
latent fingerprints. The “ten-print

identification” is an inked and rolled
image of all ten fingers and has far
more ridge detail than latent prints,
which may include only a partial print
of any one of ten fingers and may be
smudged or otherwise of poor quality.27

A fingerprint examiner might con-
duct a point-to-point comparison
between the latent print and the rolled
print to determine whether or not to
declare a match. Contrary to many
crime shows, notably CSI, a computer
does not declare a match. Rather, it
provides a list of candidates ranked by
a comparison algorithm; an examiner
then compares the prints visually.28

Fingerprint examiners compare the
rolled print with the latent print, look-
ing for points of similarity, generally
comparing ridge characteristics. Some
examiners go further, looking at the
shapes of the ridges or the location of
pore ducts.29 Examiners sometimes
describe the process as “ACE-V”:
analyze, compare, evaluate, and verify.30

Verification consists of having a 

Fingerprint comparison

until recently had never

been challenged for its

ability to individuate.
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second examiner review the 
conclusions of the first examiner 
to check whether they agree. 
An analysis generally is not an inde-
pendent, blind analysis of the prints.

The final step is to make a judg-
ment about identification—whether
the latent and known prints originated
from the same person. There is a great
deal of debate about the number of
points of similarity one must find to
declare a match, and the required
number of points varies by country,
ranging from eight to sixteen points.31

Currently, neither the courts nor
accepted standards used by fingerprint
professionals in the United States
require a specific number of points of
comparison to declare a match. In
contrast to other forms of scientific
individualization evidence (such as
DNA), the examiner does not speak in
terms of probabilities but declares a
positive identification, often
expressed as “100 percent certainty.”
In fact, the International Association
for Identi-fication prohibits member
examiners from offering “possible,
probable, or likely conclusions.”32

Firearms and tool-mark compari-
son. A vast array of weapons, bullets,
and knives are used in crimes. Firearm
and tool-mark examiners testify to
their opinions regarding whether a
particular gun is the unique source of
marks on bullets or other ammunition
components, whether a specific tool
was used to pry open a window, and
(it sometimes is claimed) whether a
particular knife was the weapon that
produced wounds on a decedent.
Firearms identification deals with 
the tool marks that are acquired by
ammunition components such as bul-
lets, cartridge cases, and shot shells
while being fired or worked through
the action of a firearm.33

Firearms examiners look at striated
tool marks consisting of patterns of
scratches, or striae, produced by the
movement of an ammunition compo-

nent through the weapon (for example,
marks produced on a bullet when it is
fired through a gun barrel). Examiners
also look at impressed tool marks 
produced by the perpendicular action
of a part of a gun on an ammunition
component (for example, firing pin
impressions created when the firing
pin of a gun strikes the primer of a
cartridge case). Although firearms
examination is grounded on the
assumption that each individual gun
produces tool marks with unique indi-
vidual characteristics, all tool marks
produced by a particular type of gun
(a Glock 40, for example) share the
same class characteristics. The tool
marks produced by a batch of guns 
of a particular type (a particular
batch of Glock 40s, for example)
might all share subclass characteris-
tics in place of, or in addition to, indi-
vidual characteristics.34

With nonfirearms, numerous test
tool marks often must be made to
approximate the angle and pressure
used to produce the tool marks on 
an object recovered from the crime
scene.35 The examiner seeks to
determine whether sufficient micro-
scopic features are present possess-
ing sufficient clarity and definition
on which to base an opinion of
identification.36

As with other types of forensic
individualization methods, tool-mark
and firearm comparisons rest on the
foundational belief that each pattern
of markings is unique and thus can be
compared with other markings to
determine whether a specific weapon 
was used in the crime.

Hair comparison. The two meth-
ods by which a known and unknown
sample of hair can be compared are
the visual method—historically wide-
ly used and relied upon in court—and
the mtDNA method, which compares
the mtDNA in questioned and known
hair samples. Although far more cases
have relied upon visual rather than

mtDNA comparison, there is wide-
spread recognition of the former’s
limitations37 and the substantial poten-
tial for error.38

In the visual method of hair 
comparison, which has changed little
since its origin, an examiner views
sets of hairs using an optical micro-
scope. The examiner can look at near-
ly two dozen different physical attrib-
utes (color, structure, diameter, weath-
ering, etc.) of each hair. The examiner
must make a judgment about whether
any two sets of hairs are similar or dif-
ferent on any given attribute, similar 
or different in total, and, ultimately,
whether the hairs come from the
same person or different persons. The
subjective judgment required is further
complicated by the following facts:
hair can come from a variety of body
locations (head, arms, chest, pubis,
legs); hairs from different parts of the
same body vary; two (or more) hairs
from the same person can appear to
have come from different persons;
and two hairs from different persons
can appear to have come from the
same person. Because of those intra-
individual variations, it is necessary
to have a sufficiently large and repre-
sentative sample of hair39 to make a
valid judgment. Using standard
microscopy techniques also can aid
examiners to infer whether the hair is
human, whether it is from a male or
female, and what the race is of the
person who is the source.40

Microscopic hair comparison is
regarded by forensic scientists as
insufficiently certain to permit an
examiner to assert an opinion that
two sets of hairs came from the same
person (although some come very
close to offering such opinions, and
others do offer them). Examiners can
report that they have found them to
be “similar” or “matching in all
microscopic detail.”41 Microscopic
hair comparison appears to have a
substantial rate of error.42
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In recent years, DNA testing has
supplemented microscopic compari-
son, and nDNA typing can be done
where the root is still attached to a
hair. Where only hair shafts are avail-
able, mtDNA testing can be used
because mitochondria are found out-
side the nuclei of cells. As described
above, however, mtDNA is not as 
discriminating as nDNA. But given
the potential for error inherent in
visual hair comparison methods,
mtDNA testing has begun to replace
microscopic-comparison testing as the
preferred standard.

Handwriting identification. This is
the oldest of the forensic sciences, 
having first been offered, and some-
times admitted, in American courts
before the middle of the nineteenth
century. Handwriting examiners were
not widely admitted until the begin-
ning of the twentieth century, and not
without expressions of judicial skepti-
cism until after the Lindbergh kidnap-
ping case in 1936.43

Following the Supreme Court’s
decision in Daubert, the field of
handwriting identification has once
again been confronted with challenges
and the imposition of judicial limita-
tion and exclusion. Handwriting
examiners subscribe to theories
involving the acquisition and reten-
tion of fine motor skills—which one
might expect to have been borrowed
from such fields as psychology or
physiology. These theories, however,
actually are untested assumptions
passed down through generations of
examiners and may or may not com-
port with relevant scientific research. 

Examiners’ essential beliefs are
that no two people write alike, no one
person writes the same way twice,
and thus no two writings are ever
identical. Handwriting examiners
must contend with the problem that
variation exists not only among writ-
ers but within each writer. They must
judge whether two writings that are

not identical represent variations
within a single writer’s range or are
the work of two different writers. By
comparing questioned writing with
known writing, examiners try to draw
inferences about whether the writing
is genuine or forged. The field states
however rarely can accurately identify
the writer of a forged writing44 and try
to associate “natural” (not forged or
disguised) writing with its author.
Handwriting examiners traditionally
made remarkably strong claims of
reliability and validity for their judg-
ments, though no research was con-
ducted to test those claims until late
in the twentieth century—most of it
prompted by Daubert.45

Bite mark comparisons. Forensic
dentistry began its career by identify-
ing the remains of victims of mass
disasters such as fires and airplane
crashes, by comparing dental records
to the largely intact dentition of the
victims. Such methods result in iden-
tifications about 20 to 25 percent of
the time. As a group, forensic dentists
until the mid-1970s were unsure of
their ability to identify the source of
bite marks left in the flesh of victims
of violent crimes and were cautious
about testifying in court. But such
opinions became increasingly com-
mon—a result based more on the
courts’ eagerness for the testimony
than on the soaring confidence of
odontologists in what they offered.46

Identification of biters is made
through a comparison of a cast of 
the suspect’s dentition with an image
or cast of the bite wound or directly
with the bite mark itself. Tooth shape
and positions change over time, but
not usually in the brief period
between a crime and its investigation.
Complicating the process of accurately
associating biters with bite marks are
the facts that only a limited amount of
dentition is recorded in a bite mark and
that the flesh in which the mark was
made changes shape, particularly at the

time the bite is being made (as during 
a struggle) but afterward as well. 

Though forensic dentists have 
performed their work for many fewer
decades than the other individualiza-
tion specialties, they already offer a
larger body of research and more
self-critical analysis than the other
individualization specialties. The
result of that in the short term is that
wide disagreement appears to exist
among practitioners; in the long term,
however, the field is likely to gener-
ate a better-informed understanding
of its capabilities and limitations than
will other specialties. 

Shoe and foot impressions. Marks
left by shoes or bare feet often are
found at crime scenes and may also
associate suspects with or exclude
them from the crime scene. Shoes can
leave prints (a flat image on a hard
surface) or impressions (a three-
dimensional image in a soft surface).
Shoes vary by class characteristics
(size indications and patterns manu-
facturers place on their soles), by sub-
class characteristics, and by features
that are more individualizing (pat-
terns of wear or random damage to
the sole).47 Photographs or molds cap-
ture the images left by the shoes so
they are available for later compari-
son with a suspect’s shoes—linking
the marks at the crime scene with a
shoe in the suspect’s possession. A
different and more controversial kind
of comparison, referred to as
“Cinderella analysis,” is an effort to
link the feet of a perpetrator to a
crime by comparing impressions left
at the crime scene by a shoe’s insole
pattern, or by bare feet, with shoes
owned by a suspect or with the sus-
pect’s foot.48 A few footprint examin-
ers go one step further and claim to
be able to associate a shoe print or
impression at a crime scene with the
foot of the person who left it. 

None of these methods is regarded
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as an established, recognized forensic
science, and few examiners specialize
in these comparisons.49 Shoe-print and
footprint identification provide a good
illustration of some of the principles
of forensic individualization. Shoe
size is a class characteristic. A suspect
whose shoe size is different from a
shoe print found at a crime scene can
be excluded from having left that
print. A suspect whose shoe size is
the same may be considered within
the group of suspects but cannot be
more narrowly linked to the crime
scene (which requires more than class
characteristics). A particular wear
pattern might be unique, or it might
be found on the soles of numerous
people’s shoes; therefore, it might or
might not link a suspect to the crime
scene. Because databases of such pat-
terns do not exist to guide shoeprint
examiners, they must rely on their
intuition and experience.

Bullet lead comparison. Compo-
sitional analysis of bullet lead (CABL)
is based on the idea that batches of
lead used to make bullets contain
unique combinations of seven trace
elements: arsenic, antimony, tin, cop-
per, bismuth, silver, and cadmium. If
two bullets contain the same ratios of
these elements, an expert may infer
that they originated from the same
source. The central premise is the
same as that of other forensic individ-
ualization sciences: all units of com-
parison are unique, as are all batches
of lead. With bullet lead, however, a
single “pour” can produce a goodly
number of bullets, which may end up
being distributed through a vast or
unknown geographic area.

Beginning in the 1950s, courts
admitted expert testimony on bullet
lead composition that led to infer-
ences that a defendant committed a
crime: for example, a bullet found in
a victim’s body might share trace 
element composition with a bullet
found in the defendant’s possession.

Recently, the validity of the founda-
tional claims for this kind of expert
testimony have been scrutinized by
metallurgists and statisticians, in a
series of studies and reports. Most
prominently is one published by the
National Academy of Sciences
(NAS),50 concluding that CABL’s
claims are unfounded. The NAS 
panel concluded that the methods 
of measuring the amounts of trace
elements were sound, but that the
assumptions and inferences based on
measurements and leading to the
“expert opinions” expressed in court
were unsupportable.

Expert testimony in this area has
varied widely in experts’ conclusions
drawn from two bullets that are “ana-
lytically indistinguishable.” Some tes-
tified that this meant the bullets
“could have come from” or “came
from” the same “source” or “batch.”
Others testified that the bullets “could
have come from the same box,”
“could have come from the same box
or a box manufactured on the same
day,” or “must have come from the
same box or from another box that
would have been made by the same
company on the same day.” Even the
most modest of these opinions was
not supported by the data.51

The NAS panel made a number 
of recommendations to the Federal
Bureau of Investigation (FBI) regard-
ing the bureau’s bullet lead analyses
and expert testimony based upon the
tests. The suggestions included that
the FBI 

• Adopt single protocols for the
chemical and the statistical analy-
sis and make sure they are fol-
lowed in every case.

• Publish the details of what it does
so that others can fully understand
its results and techniques. 

• Use more appropriate statistical
tests to determine whether two
bullets can justifiably be said to be
“analytically indistinguishable.” 

• In offering conclusions, avoid
overbroad statements (“Witnesses
should not say that two analytically
indistinguishable bullets come
from the same melt, production
run, or box, or were made on or
about the same day. None of these
assertions . . . can be justified by
the available data.”).

• Acknowledge uncertainties (“The
nature of the distribution of ele-
ments in lead batches is such that
two bullets from the same batch
can differ chemically and two
bullets from different batches can
be indistinguishable.”).

In September 2005, the FBI decided
that it would no longer use bullet lead
comparison in solving crime cases.
Although the FBI itself concluded
that the manufacturing of bullets was
too variable to make matching bullet
lead composition reliable, the FBI
laboratory director inexplicably stated,
“We stand by the results of the
reports we have already issued.”52

The experience with bullet lead
evidence—poor science, ready admit-
tance by the courts, and ensuing
expert testimony that created exagger-
ated impressions in the minds of fact
finders—provides a cautionary lesson
about other forensic science evidence,
which is the focus of the next part of
this article.

Analytical Gap between Data
and Opinions

Traditional and contemporary
fears about expert evidence and 
the law’s efforts to resolve them.
Although courts embrace the idea that
the public has a “right to every man’s
evidence,”53 they are more circumspect
about the right to every man’s expert.
Despite their ubiquity, experts contin-
ue to generate concerns for the judi-
cial system. Doubts have been voiced
about overly biased experts, inaccurate
conclusions, misleading testimony,

Volume 44 • Number 5 • Fall 2005 • American Bar Association • Judges’ Journal “Forensic Science: Grand Goals, Tragic Flaws, and
Judicial Gatekeeping” by Jane Campbell Moriarty and Michael J. Saks, published in Judges’ Journal, Volume 44, No.4, Fall 2005 © 2005 by

the American Bar Association. Reproduced by permission. All rights reserved. This information or any portion thereof may not be copied or
disseminated in any form or by any means or stored in an electronic database or retrieval system without the express written consent of the

American Bar Association.

22



jury incomprehension, and the fear that
scientific expert testimony may pos-
sess an “aura of infallibility.”54

This section focuses on a more
contemporary concern engendered by
the Supreme Court’s decision in
General Electric v. Joiner, where the
Court remarked that expert testimony
may not be admitted where the gap
between the data assembled and the
opinion given is too wide. This so-
called ipse dixit problem55 occurs with
much expert evidence and, remark-
ably often, with forensic individual-
ization testimony; in addition, 
problems of outright fraud and other
issues that can affect the reliability of
forensic evidence must be examined.

The Daubert trilogy. Starting in
1993, the U.S. Supreme Court 
issued a ground-breaking series of
decisions governing the use of expert
evidence at trial: Daubert v. Merrell
Dow Pharmaceuticals, Inc. (1993),
General Electric Co. v. Joiner
(1997), and Kumho Tire Co. Ltd v.
Carmichael (1999).56

The Court granted certiorari in
Daubert to determine whether Frye’s
general acceptance standard survived
the enactment of the Federal Rules of
Evidence.57 Before Daubert, the Frye
test often governed the admission of
novel scientific evidence in federal
and many state courts. The Court held
that Frye’s general acceptance test
was superseded by the enactment of
the rules.58

The Daubert decision, which 
governs all, not just novel, scientific
evidence, focused on both reliability
and relevance. The Court determined
that such evidence must be both
grounded in the methods and proce-
dures of science and relevant to the
precise inquiry at hand (“fit”).59

Moreover, the Court stressed, the
focus should be solely on the princi-
ples and methodologies employed,
not the conclusions generated.60

To be considered scientific knowl-

edge, the Court continued, an infer-
ence or assertion must be derived by
the scientific method, i.e., have 
appropriate validation. While “not
presum[ing] to set out a definitive
checklist or test,” the Court made a
number of “observations” that could
be helpful in determining reliability:
(1) whether the theory or technique
can be or has been tested; (2) whether
the theory or technique has been sub-
jected to peer review and publica-
tion—an aid to evaluating the quality
of the testing, the court explains; 
(3) the potential or known rate of
error of the theory or technique when
applied; (4) the existence and mainte-
nance of standards controlling the
technique’s operation; and (5) whether
the technique or theory has been 
generally accepted in the relevant 
scientific community.61

This flexible standard for expert
testimony was premised on the idea
of “evidentiary reliability” or “trust-
worthiness.” Rather than wholesale
exclusion of evidence, Daubert
opined that “[v]igorous cross-exami-
nation, presentation of contrary
evidence, and careful instruction 
on the burden of proof,” coupled
with the court’s power to direct ver-
dicts and grant summary judgment,
were the “appropriate means of
attacking shaky but admissible” 
evidence.62 The difficulty, of course,
is determining where “shaky but
admissible” ends and “unreliable
thus inadmissible” begins. 

The subsequent cases, Joiner and
Kumho Tire, answered questions that
developed in the wake of Daubert. In
Joiner, the court softened the line it
had earlier drawn between methodol-
ogy and conclusions, stating:

conclusions and methodology are
not entirely distinct from one
another. Trained experts commonly
extrapolate from existing data. But
nothing in either Daubert or the
Federal Rules of Evidence requires

a district court to admit opinion
evidence that is connected to exist-
ing data only by the ipse dixit of
the expert. A court may conclude
that there is simply too great an
analytical gap between the data and
the opinion proffered.63

Kumho Tire, decided in 1999, held
that the Daubert gatekeeping require-
ment applied to all expert evidence,
not just to scientific evidence, and also
reaffirmed the trial judge’s latitude in
determining what test is appropriate
for the type of expertise before the
court and whether the proposed testi-
mony meets that test:

We . . . conclude that a trial court
may consider one or more of the
more specific factors that Daubert
mentioned when doing so will help
determine that testimony’s reliabili-
ty. But . . . the test of reliability is
“flexible,” and . . . the law grants 
a district court the same broad 

latitude when it decides how to
determine reliability as it enjoys in
respect to its ultimate reliability
determination.64

Although the trilogy embraces a
flexible standard, the language of
Kumho Tire provides an important
recommendation: “[A] trial court
should consider the specific factors
identified in Daubert where they are
reasonable measures of the reliability
of expert testimony.”65 When such 
language is coupled with Daubert’s
concern for “evidentiary reliability—
that is, trustworthiness,”66 it becomes
apparent that the Supreme Court is
urging courts to admit only trustwor-
thy expert evidence based on suffi-
cient facts and data, and to disallow
expert evidence that rests on an inad-
equate foundation or the ipse dixit of
the expert. Although the standard of
evidentiary reliability is flexible, the
language of Daubert and Kumho Tire
provides guidance. As Justice Scalia
observes in his concurrence in Kumho
Tire, while “the Daubert factors are
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not holy writ, in a particular case the
failure to apply one or another of
them may be unreasonable and hence
an abuse of discretion.”67

Rule 702 of the Federal Rules of
Evidence was amended in 2000 to
reflect the Supreme Court’s require-
ments for expert evidence, and many
state courts have followed the lead of
the Court, incorporating a reliability-
based standard to govern the admission
of expert evidence. Although a number
of states still use a general acceptance
standard to analyze expert evidence,
many of those states also focus on the
trustworthiness of such evidence.

Although the Daubert factors may
make little sense when evaluating the
testimony of plumbers in a case of
negligent installation of a bathroom
sink, they make eminent good sense
when evaluating the myriad forms of
forensic evidence relevant to the issue
of evidentiary reliability. 

Problems of forensic identification
and individualization. Concerns about
the gulf between existing data and the
opinions offered have led courts to
exclude expert opinions in civil cases,
notably in cases involving medical, 
toxicological, epidemiological, or engi-
neering testimony, where the court has
found too great a gap between the data
and the opinion expressed.68

Problems relevant to evidentiary
trustworthiness also are posed by
forensic individualization, including
the likelihood of error, the inherent
problems of declaring a match, the
lack of objective standards, and 
failure to follow scientific method,
including blind testing. But early in
the history of the forensic identifica-
tion sciences, courts set aside their
traditional caution and freely admitted
nearly every specie of such testimony,
asking little of the proponents—even
to establish the validity of their vari-
ous claims.69 In their willingness to be
less searching with forensic identifica-
tion evidence than with other types of
scientific evidence, courts opened

their doors to a risk of error, which
today’s courts are only beginning to
recognize.

The Daubert trilogy has ushered in
an era of belated questioning of foren-
sic science. In some instances, forensic
science expert testimony that had gone
unchallenged for many decades has
found itself limited or even excluded
from admission. As Paul Giannelli and
Edward Imwinkelried have put it:
“All the areas of forensic science
discussed in this article share two
common denominators: In each area
little rigorous, systematic research has
been done to validate the discipline’s
basic premises and techniques, and in
each area there is no evident reason
why such research would be infeasi-
ble.”70 Some proponents of admission
have argued that the ready acceptance
by early courts made many forensic
sciences feel that continuing research
and self-scrutiny were unnecessary
and that, because the low threshold
set by courts was responsible for the
fields’ weak foundations, it would
now be “unfair” to the forensic sci-
ences to be confronted with a more
demanding test.71 However unavailing
the argument, it does make an impor-
tant point: the tests posed by courts
affect the quality of some fields, espe-
cially those whose ultimate and often
only audience is the courts. Why exert

66 percent of the cases of wrongful con-
viction studied had erroneous forensic sci-
ence presented at trial.

The risks of error have been
revealed in more systematic and
broad-ranging ways by proficiency
studies. Before proficiency studies,
forensic scientists could assert that
their conclusions rarely, if ever, were
in error and that all examiners would
agree with what one examiner con-
cluded about a given examination. As
long as no evidence existed testing
these claims, examiners could say
almost anything without risk of con-
tradiction. In most cases, an item of
evidence would be examined, an opin-
ion would be announced, no one
would know whether the examiner
was right or wrong, and no one would
know whether or not other examiners
might have reached other conclusions.

With the advent of proficiency
testing, known materials were for the
first time sent to a (sometimes large)
number of examiners, who were
asked to perform their usual examina-
tion of the evidence. Their conclu-
sions could then be compared to the
correct answers and to the conclu-
sions of other examiners. These tests
revealed the following data: examiners
sometimes reached erroneous conclu-
sions; some fields on average made
more errors than others; within spe-
cialties the level of incorrect conclu-
sions varied depending on the nature
of the evidence to be examined (i.e.,
some tasks are more difficult than oth-
ers); and for some (if not most) fields,
accuracy was not significantly related
to years of experience, certification,
or other qualifications. 

Assertions of near-perfect accura-
cy had to be tempered in the face of
proficiency testing results showing
spectrographic voice identification
error rates as high as 63 percent;
handwriting error rates ranging as
high as 100 percent (though the
more realistic rate of errors appears
to be nearly 40 percent); false posi-

the effort to produce a product of bet-
ter quality when the customer is satis-
fied with one of lower quality? 

Errors happen. DNA typing has
revealed something quite surprising
about the rest of forensic science: how
common errors are in forensic sci-
ence. Because DNA typing has con-
vincingly exonerated numerous per-
sons who had been wrongly convict-
ed, it has created an opportunity to
reexamine trial evidence in an effort to dis-
cover what led to the erroneous convictions
in the first place. One such inquiry found
forensic science errors to be second only to
eyewitness errors as a cause of wrongful
convictions. As Table 1, this page, shows,
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tive error rates for bite marks as high
as 64 percent; tool-mark identifica-
tion errors as high as 35 percent; and
as many as one-quarter of fingerprint
examiners failing to correctly identi-
fy all latent prints in a typical profi-
ciency test.72

Still, these tests probably under-
state the actual error rate in everyday
casework. The tests often are relative-
ly easy.73 The tests are non-blind, so
that participants are aware that
their accuracy is being evaluated,
and they know to work harder to
try to avoid the embarrassment of
making discernible errors. Also, in
contrast to everyday cases, profi-
ciency tests provide no extrinsic
cues to expected or desired
answers, and change the examin-
ers’ base rate assumptions.

Of course, if some examiners
make errors and others do not,
examiners cannot all be in agree-
ment with each other. Thus, claims
that all qualified document exam-
iners would reach the same con-
clusions in all cases,74 for example,
though once asserted confidently,
can now be seen to be groundless
exaggerations—hopes and assump-
tions offered as facts.

Proficiency testing might
come to serve a far more valu-
able research purpose. If tests
were conducted by independent
external organizations, were blind
(so that examiners cannot distinguish
proficiency tests from casework),
and used systematically chosen real-
istic problems, both examiners and
courts would have the benefit of a
map of each specialty’s strengths and
weaknesses, and would know which
examination tasks each performs
well, less well, or barely adequately.

Clarifying the meaning of a match.
A second important thing that DNA
typing has done is to provide forensic
science and the courts with the first
scientifically grounded approach to
forensic identification. The model

provided by DNA typing serves as a
benchmark of quality forensic evi-
dence, illuminates the weaknesses of
the other forensic sciences, and pro-
vides a guide to future improvement.

Because DNA typing is the first
individualization technique to emerge
from traditional sciences (namely,
molecular biology and population
genetics), it refrains from relying on
unproven (and likely unprovable)

assumptions of uniqueness to reach its
conclusions. Thus, DNA typing
begins but does not end with a judg-
ment that two samples appear indis-
tinguishably alike—it recognizes that
such an observation does not neces-
sarily lead to the conclusion that the
two samples came from the same 
person, because it is both practically
and theoretically impossible to know
whether all members of any large
class are in fact unique. But, even if
they are unique, crime scene evidence
usually provides examiners with only
samples, not full objects. A dozen
alleles (alternative forms of a gene),

not the entire genome, is what DNA
typing looks at; latent fingerprints are
usually only partial prints; handwrit-
ing is a tiny sample from a vast
potential output from any given
writer; bite marks are only partial;
tools and weapons change with use;
and so on. So it is necessary to use
methods of analysis that are capable of
making useful estimates about samples
or a temporally changing target.

Thus, in DNA typing, exam-
iners calculate the probability of
a random match (RMP) in order
to obtain an estimate of the like-
lihood that other persons could
match the questioned sample as
well as the suspect does. To do
this, researchers collect popula-
tion samples and count the fre-
quency of occurrence of various
genetic attributes in the popula-
tion. To calculate the RMP
accurately, the correct probabili-
ty model must be applied. The
most familiar of these is the
“product rule,” which is appro-
priate when the attributes are
independent of (that is, uncorre-
lated with) one another.75 From
the RMP, fact finders can gain a
proper sense of the rarity of the
perpetrator’s DNA and, there-
fore, the likelihood that someone
other than the defendant could
have left the DNA found at the

crime scene.
Forensic individualization sciences

other than DNA typing, by assuming
uniqueness, exempt themselves from
the following possibilities: collecting
data about the distribution of finger-
print or handwriting or bite mark (or
whatever) attributes in the population;
determining the independence or
dependence of these features; finding
and applying the correct probability
model; calculating RMPs; and sharing
the data resulting from the analysis
with the court so that fact finders have
an informed sense of the likelihood
that someone other than the defendant

Table 1

Factors Associated with 
Erroneous Convictions

Eyewitness errors 74%

Forensic science
Erroneous 66%
Fraudulent/Misleading 31%

Police misconduct 44%

Prosecutorial misconduct 40%

Bad lawyering 28%

False confessions 19%

Dishonest informants 17%

False witness testimony 17%

Source: M.J. Saks & J. J. Koehler, The Coming
Paradigm Shift in Forensic Identification
Science, 309 SCIENCE 892 (2005).
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left the questioned evidence. Fields
other than DNA typing substitute intu-
ition, anecdotes, or subjective impres-
sions for hard data—or not even that,
instead merely leaping from an obser-
vation of similarity to a conclusion of
common source. 

Ironically, all other forensic indi-
vidualization sciences offer the same
rationale that DNA typing does—
essentially, the product rule—as the
theory underlying their field’s ability to
link crime scene evidence with sus-
pects. But only DNA typing employs
those concepts to perform actual case-
work and to offer RMPs to fact finders. 

Other forensic individualization
sciences use DNA typing only as a
metaphor to justify their assertion of
uniqueness, on which is based the
assumption that if two things appear
indistinguishably alike, they “must”
have originated from a single com-
mon source. But a probability, 
however small, does not lead to an
inference of uniqueness. It leads only
where DNA examination takes it: to a
probability. Serious students of fin-
gerprints long ago realized that proba-
bility did not prove uniqueness: “[The
probability] approach carries the
implication that a complete correspon-
dence of two patterns might occur. . . . 
It is impossible to offer decisive proof
that no two fingerprints bear identical
patterns.”76

“I know one when I see one”: The
subjectivity problem. From the preced-
ing discussion, one might conclude
that determining whether something is
a match or not is relatively straightfor-
ward and that the difficulty lies only in
interpreting the meaning of that match.
But even this initial step is fraught
with more problems than even many
forensic scientists know.

When two examiners look at the
same visualization of evidence, they
see different things more often than
we might expect. We should not be
surprised, considering that the exami-
nation process is overwhelmingly

subjective, with few external stan-
dards to guide whether two images
should be judged indistinguishably
alike or not. In the United States, no
minimum number of points of com-
parison is required to conclude that
two fingerprints are indistinguishably
alike. “When a fingerprint examiner
determines that there is enough corre-
sponding detail to warrant the conclu-
sion of absolute identification, then
the criteria have been met.”77 In other
words, there are no criteria. A British
study of 130 fingerprint experts pre-
sented with ten pairs of prints found
that the examiners often disagreed on
how many points of similarity a pair
of prints shared. For one of the pairs,
the reported number of matching
points ranged from ten to forty; for
another, it ranged from fourteen to
fifty-six.78 This is not science; it is
individual perception and judgment.
Although an FBI supervisory finger-
print examiner, a verifier, and the
chief of the Latent Print Unit who
worked the 2004 Madrid, Spain,
bombing case believed they saw a
match, other experts later said that the
latent and the file print were “filled
with dissimilarities.”79

If this is true of fingerprints, the
gold standard of assumed precision,
accuracy, and complete consensus,
imagine the extent of disagreement
among examiners of handwriting, tool
marks, bite marks, and so on. 

Where are the scientists? “Forensic
scientist” is a misleading title. In the
world of conventional science, aca-
demically gifted students spend at least
four years after college in doctoral
training, where much of the socializa-
tion into the culture of science as well
as specialized education takes place.
That culture emphasizes obsessive
methodological rigor, openness, relent-
less criticism of methods and findings,
and cautious interpretation of data.
Science proceeds by testing hypothe-
ses using double-blind, controlled,
repeatable studies that are published

only after careful review of methods
and logic. Published studies are then
subjected to further critical review by
the wider community of scientists—
much of which describes Daubert’s
view of the road to reliability.

By contrast, those who routinely
testify under the appellation of
“forensic scientist” operate in a much
different world. In the forensic sci-
ences, where 96 percent of practition-
ers hold bachelor’s degrees or less, 3
percent master’s degrees, and 1 per-
cent doctoral degrees,80 it is hard to
find the culture of science.

Most forensic “scientists” have lit-
tle understanding of scientific method-
ology, do not design or conduct
research (and do not know how to),
often have not read the serious scien-
tific literature beginning to emerge in
their fields (often conducted by doc-
toral level scientists from other fields),
and would be unable to critique these
studies sufficiently for the standards
of conventional peer-reviewed scien-
tific journals. Scientific findings rele-
vant to a given forensic science often
are ignored in the conduct of everyday
casework.

A more descriptive title in most
instances would be “technician.” Yet
the nominal upgrading of a title to
forensic “scientist” has obvious
advantages in the world of litigation,
where appearance often can serve as
well as reality. If hard questions are
asked about the underlying science,
typical forensic science witnesses can
explain that they cannot be expected
to respond to such questions because
the work they do, and the training
they receive, is really that of a techni-
cian. Sometimes a “genuine scientist”
(not infrequently from a field differ-
ent from the forensic discipline at
issue) may be brought in to help.

The future is coming, however.
Forensic science services in Europe,
Australia, and New Zealand employ
many more real scientists designing
real research to test, study, inform,
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and improve the work of all crime
laboratories. There is also a small but
growing cadre of serious American
forensic scientists working and con-
ducting research in both academic set-
tings and crime laboratories. Given
that they often must swim against a
complacent tide, these American
forensic scientists deserve consider-
able praise. But it is clear that the
numbers, the culture, the support, the
research, the deepest thinking, and the
most improved techniques are more
often found among scientists working
outside of the United States.

The problems of expectation and
suggestion. Many fields recognize the
risk that people tend to “see what they
expect to see.” That errors tend to be
made in this direction has been well
documented in a large body of
research conducted by a variety of
fields: astronomy, psychology, medi-
cine, and others.81 To prevent these
effects from distorting perceptions,
judgments, and conclusions, many
fields have structured “blindness” (or
“masking”) into their procedures.
Blind taste tests, blind grading, blind
review by peer-reviewed journals, and
the blind and double-blind procedures
used in much scientific research are
familiar examples. 

The work of forensic scientists
subjects them to many opportunities
to be affected by expectation and 
suggestion. Before conducting their
examinations, they sometimes learn
facts or theories about the case from
police investigators or from transmittal
letters or forms accompanying the 
evidence and requesting the examina-
tion. (These often tell the examiner
what the investigators expect or hope
will result from the examination.)
Examiners sometimes learn what fel-
low examiners testing different items
of evidence found, which they then
are likely to expect will be consistent
with their own examinations.82 One 
of the few published audits of crime
laboratories found that examinations

resulted in conclusions excluding
submitted evidence only 10 percent
of the time on average—a finding
consistent with expectation and sug-
gestion effects.83

The problem of unintended bias
can be organizational as well as psy-
chological. When examiners produce
results that are disappointing to inves-
tigators, they sometimes are asked to
reexamine only those displeasing
results. Rarely, if ever, are they asked
to reexamine the results that investiga-
tors like. This ensures that only find-
ings inconsistent with an investiga-
tor’s theory of a case get reversed. All
of this can occur with examiners hav-
ing only the best and most honest of
intentions, and yet they can produce
conclusions that undermine true facts.

Last year, when FBI fingerprint
examiners identified the wrong person
as the source of the latent print
belonging to one of the terrorists
involved in the massive train bombing
in Madrid, a special review committee
was convened by the FBI to study the
error. It concluded:

The power of the [computer-aided
selection of a candidate print], 
coupled with the inherent pressure
of working on an extremely high
profile case, was thought to have
influenced the examiner’s initial
judgment and subsequent exami-
nation. This influence was recog-
nized as confirmation bias (or con-
text effect) and describes the
mind-set in which the expectations
with which people approach a task
of observation will affect their
perceptions and interpretations of
what they observe.84

The report went on to explain that
the first examiner’s already height-
ened expectation of identification
was reinforced by finding a small
number of matching points, which in
turn caused the examiner to mistak-
enly interpret other points of com-
parison as matching. Once this
“mind-set occurred with the initial

examiner, the subsequent examina-
tions were tainted . . . especially
because the initial examiner was a
highly respected supervisor with
many years of experience. . . .” After
another examiner was influenced by
and concurred with the first, it
became almost impossible for anyone
else to reach a contrary conclusion.

Despite occasional recognition of
the problem, forensic science in the
United States has refused to develop
procedures to prevent the problem
from being able to occur in the first
place. In contrast to many other fields
of endeavor, forensic scientists have
generally insisted that they can avoid
falling prey to such influences merely
by telling themselves to be immune. 

The problem of fraud. In addition to
honest errors, DNA exoneration cases
revealed that false or misleading testi-
mony was more likely to be offered by
forensic science expert witnesses than
by any other kind of dissembling 
witness. (See Table 1, page 25.) These
results confirm findings from other
sources suggesting that, as a group,
forensic scientists offer considerably
more than their share of false testimo-
ny.85 Andre Moenssens, a forensic 
scientist turned law professor, has
reported: “All [forensic science]
experts are tempted, many times dur-
ing their careers, to report positive
results when their inquiries came up
inconclusive, or indeed to report a
negative result as positive. . . .”86

Fraudulent expert testimony has
been a terrible problem for the crimi-
nal justice system. Fred Zain of West
Virginia,87 along with numerous other
forensic science experts, has testified
fraudulently in many cases.88 Not only
are innocent people wrongly convicted
on such evidence, but the state must
also review those convictions involv-
ing the fraudulent testimony to deter-
mine which cases must be retried.
This process is an expensive and
time-consuming endeavor for the gov-
ernment. More importantly, it is a
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nightmare for both crime victims and
those innocent people sent to prison
or death row.

The subjectivity of the examination
and the structure of the examination
process facilitate the problem of
fraud. Often the forensic science
expert is the only person to have
viewed the evidence through a micro-
scope, and the judgment of similarity
and inference of common source take
place entirely in the head of that per-
son. If other examiners serve as veri-
fiers, they typically know what the
first examiner concluded and (as in
the case of the FBI’s Madrid analy-
sis) find it difficult to see and con-
clude anything else. If an examiner
claims to have drawn an inference of
common source between indistin-
guishably similar questioned and
known evidence, with what can one
test the candor of such an opinion?

Many of the problems discussed
above are evident in the case of
Commonwealth v. Gregory.89 Gregory
was convicted of rape and attempted
rape and sentenced to seventy years
in prison. The government’s strongest
evidence against him was the testi-
mony of a forensic scientist testifying
about a microscopic hair examination
that, she stated, found the defendant’s
head hair to be indistinguishable from
the hair found in a pantyhose mask
worn by the assailant. She stated that
the features of the hair were so
unusual that it was extremely unlike-
ly that they could have come from
any other person. The witness conced-
ed that there were no data on which
such inferences could be based, but
because of her experience (“when
you’ve examined as many hairs as I
have . . .”) she knew an identification
when she made one. Gregory spent
seven years in prison before DNA test-
ing excluded him as the rapist and led
to his conviction being vacated.

The defense attorney at this trial
assumed the basic honesty of the
expert’s reported observations, and

his questions focused on the basis for
her inference of identity. In reviewing
the evidence from this DNA exonera-
tion case, most commentators regard-
ed the outcome merely as a typical
case of an expert’s having too much
confidence in her own subjective
guesstimation of rarity and offering
testimony that exaggerated the incul-
patory implications of a hair that was
indistinguishably similar. She thereby
exceeded what the field claims for its
own techniques but explained, as
experts seem to do surprisingly often,
that this case was “different” from
most. The expert’s testimony that the
hairs appeared identical, however,
was never doubted. 

Not until the suit for a federal civil
damages trial against the city, the
police, and the expert was being pre-
pared did another expert—one hired
by plaintiff’s counsel—examine the
hair—and conclude that the hairs did
not match at all.90 The expert had fab-
ricated her report and her testimony
to help win a conviction. In the end,
this was another case of a forensic
scientist who decided to report a
negative result as positive. 

Judicial Gatekeeping:
Developing Workable Filters

The single most important obser-
vation about judicial gatekeeping of
forensic science is that most judges
under most circumstances admit most
forensic science. There is almost no
expert testimony so threadbare that it
will not be admitted if it comes to a
criminal proceeding under the banner
of forensic science. (Handwriting and
voiceprint identification are the chief
exceptions to this generalization.)
With this background in mind, we will
now explore possibilities for improv-
ing the judicial management of such
testimony. If—for whatever reasons
and regardless of the governing
rules—judges feel they must admit
expert testimony that cannot establish

the validity of its claims, can the
courts find ways to do so yet still pro-
tect fact finders from being misled by
unfounded expert exaggerations?

Some forensic sciences have been
with us for so long, and judges have
developed such faith in them, that they
are admitted even if they fail to meet
minimal standards under Daubert.
Faith, not science, has informed this
gatekeeping. For example, fingerprint
experts have proved to be remarkably
short on studies that support their
claims. (In the words of one judge,
“the government had little success in
identifying scientific testing that tended
to establish the reliability of finger-
print identifications.”91) Through
dozens of Daubert challenges, no
judge has been presented with con-
ventional scientific evidence capable
of persuading a rational gatekeeper,
yet at the same time no court has
excluded the opinions of fingerprint
examiners. Various judges have found
various paths around Daubert.92

Far more worrisome is that prof-
fers of science unsupported by science
have received similar treatment.
Maverick experts claim to have tech-
niques that have not been heard of or
tested, that are based on nothing but
the witness’s say-so, that others in the
field believe do not exist, and that can
be performed only by the maverick.
Admitted.93 The maverick is expelled
from his professional organization for
scientific fraud, yet still may be
offered to courts as an expert witness.
Admitted. 94 A whole field has no stud-
ies validating or even testing its
claims. Admitted. The few studies
undertaken by a field suffer from fun-
damental flaws. Admitted. The studies
show high error rates. Admitted.95

The applicable legal test offers
little assurance. The maverick who is
a field unto him- or herself has
repeatedly been readily admitted
under Frye, and the complete
absence of foundational research has
not prevented such admission in
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Daubert jurisdictions. As noted, both
historical and contemporary excep-
tions exist, such as asserted hand-
writing and voiceprint identification,
but to little effect.

How, then, can judges admit 
forensic science testimony while still 
protecting juries from an assemblage
of witnesses who are second only to
eyewitnesses in their presentation of
errors and exaggerations—and in
fraud are second to none? Courts can
control the gate governing the admis-
sion of testimony in several ways:
partial or limited admission of evi-
dence, renewed focus on the task at
hand, limiting or disallowing over-
powering and misleading terminology,
allowing competing opinions into 
evidence, and providing limiting jury
instructions. Each of these is briefly
discussed below.

Limited admissibility and disal-
lowing conclusions of a match. The
Federal Rules of Evidence recognize
that one basis of expertise is experi-
ence and training. Clearly, those
examiners who compare either fin-
gerprints or handwriting have a basis
of knowledge premised upon repeti-
tion of, and familiarity with, the task.
Although any opinion about a conclu-
sive match is no more than ipse dixit,
the expert is not necessarily preclud-
ed from pointing out similarities and 
differences that a lay jury might 
otherwise not recognize. It is in the
interpretation of those similarities
that examiners are on the shakiest
ground. Thus, the most expedient
“fix” to the problem of missing data
supporting these individualization
specialties is to allow the examiner to
discuss the points of comparison but
to disallow the examiner from declar-
ing a match or asserting conclusions.

Various federal district courts have
taken such an approach, particularly
with handwriting comparison.96 These
courts recognize that examiners may
be trained to identify points of similar-
ity and dissimilarity between samples,

and thus may be more perceptive than
jurors. These courts expect descrip-
tive testimony to be helpful to the
jury but at the same time recognize
that with no data from which to
extrapolate a probability of the likeli-
hood of a random match, there is no
basis for allowing opinion testimony
concerning an identification.

Focusing on the task at hand. In
both Daubert and Kumho Tire, the
Supreme Court noted that the testimo-
ny must be both reliable and “relevant
to the task at hand.”97 The proposed
expertise must be an accurate fit with
the issue on which an expert will 
testify. The inquiry is whether the
“expert testimony proffered in the
case is sufficiently tied to the facts of
the case that it will aid the jury in
resolving a factual dispute.”98

Although courts and litigants
often focus primarily on the reliabili-
ty factors, it is likewise important for
courts to determine whether the
expertise claimed is sufficiently
close to the issue in dispute. In con-
sidering the admissibility of hand-
writing expert testimony, for exam-
ple, a district court disallowed an
expert from testifying about hand
printing (as opposed to cursive
script) on an immigration form
alleged to have been filled out by the
defendant.99 The court found that
there was insufficient evidence
whether the comparison of hand
printing was a valid expertise.100

Moreover, the court found that since
the defendant was raised in Japan
where he had learned to print
English at school, there was no evi-
dence that the examiner could recog-
nize subtle similarities and 
differences of Japanese native hand
printers.101 Thus, although the expert
might be able to form sound infer-
ences about authorship of cursive
writings of a native English writer (on
which the court expressed no opin-
ion), the witness was not an expert 
on the task at hand, nor was there 

sufficient evidence to establish that
the task at hand was even an actual
area of expertise. 

In a sense, the focus on task at
hand is an inquiry related to deci-
sions about qualifications. For exam-
ple, a physician may be qualified to
testify about a variety of medical
issues, but she may not be qualified
to testify about particular medical
controversies at issue in a given
case—a finding courts have made in
medical device litigation.102

Thus, if a court determines that
there is insufficient fit between the
proffered testimony and the precise
inquiry before the court, the court
may disallow the testimony entirely
or cabin the testimony within the
bounds of the established expertise.

Disallowing overpowering or
misleading testimony. Some termi-
nology that experts use implies a far
stronger probability than is intended
or justified by the underlying science. 

At least one field insists upon
using terminology that is absolute,
categorically concluding that an
“identification” exists or does not (or
that no opinion can be reached). The
field of fingerprint examination goes
so far as to prohibit its members from
offering qualified opinions (which
amounts to anything less than these
categorical alternatives). Ironically,
only a probabilistic statement—and 
a subjective probability estimate at
that—could accurately reflect the real
basis of the judgment the examiner
has made. There is no basis for
absolute opinions.103

Some fields use terms that do not
readily convey to laypersons what
the examiner intends. For example,
if a forensic dentist states that in his 
opinion a “match” has been found
between the bite mark in a victim
and the defendant’s dentition, the
jury is likely to infer that means that
the defendant is the biter. But, for
forensic dentists, the actual meaning
of a match is: “some concordance,
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some similarity, but no expression of
specificity intended; generally simi-
lar but true for a large percentage of
population.”104 Other fields’ experts
might use the word “match” to mean
a very strong probability of common
source, but the judge or jury may
well think it means an even more
certain linkage than is intended. A
“match” merely indicates that two
marks or objects appear indistin-
guishably alike. A second step must
be performed to interpret the likeli-
hood that two things that “match”
originated from a single source.

One of the authors of this article
has presented some of the recommend-
ed or official terms of a variety of
forensic identification disciplines 
to law students and to college students,
asking them to indicate on a scale from
0 to 100 what they thought the expert
was seeking to express about the likeli-
hood that the questioned evidence
came from the defendant. Their
numerical estimates often were far
from what the official definitions
intended, often leading to inversions
of meaning. Often, terms meant to
express very strong linkage—such as
“reasonable scientific certainty”—
were taken to mean much weaker
linkage, and vice versa.

Sometimes expert witnesses and
fields have developed terms that are
conceived to be defensible as literal
truth but are likely to induce the jury
to think a more inculpatory opinion
has been offered than the witness
might assert given the evidence.
“Consistent with” is one such exam-
ple. Some examiners have adopted
more blatant phraseology; “indeed
and without doubt” is an example.105

Witnesses should be confined to
meaningful language that accurately
conveys inferences that genuinely
can be supported by the field’s meth-
ods. Overreaching and exaggeration
should be banned from the witness
box. Any expression of absolute 
certainty by forensic identification

experts, or any term likely to be
understood by the fact finder as con-
veying such a strong and unjustifi-
able meaning, should be prohibited.
Among such suspect terms would be
“identification,” “match,” “unique,”
“no other in the world,” “identifica-
tion to the exclusion of all others in
the world,” and “consistent with.”

One of the most straightforward
ways of tempering implied or explicit
exaggeration is to require experts to
accurately inform the jury about error
rates. What could matter more to relia-
bility and weight than error rates? How
often do experts in a field reach the cor-
rect or incorrect conclusions in the task
relevant to the case at bar? If there is a
lack of data on the precise question at
issue, or from the field more generally,
that itself is informative.

Use of court-appointed experts
and panels of experts. The law does
not limit judges to hearing from only
the experts offered by the parties. 
In appropriate circumstances, such as
deciding whether or how much evi-
dence to admit, judges have the power
to obtain additional expertise. In vari-
ous jurisdictions, by rule or by com-
mon-law power, courts may appoint
their own expert witnesses, panels of
experts, advisory juries, or consulting
experts. Selecting and communicating
with such experts must, of course, be
handled with care.

The power of courts to appoint their
own expert witnesses has been codi-
fied in Federal Rule of Evidence 706
and affirmed by the Supreme Court in
Daubert, where the Court 
recognized a trial court’s ability to
“procure the assistance of an expert of
its own choosing.” 106 In making
admissibility decisions, some courts
have appointed consulting experts
who do not testify but in effect sit at
the judge’s side to help the judge
understand the scientific testimony
and arguments that are offered at the
Rule 104(a) hearing. It is within Rule
706 or the inherent authority of the

court under the Evidence Rules that
the power of such an appointment has
been found.107

Science panels have been appointed
to assist the court in complex tort
cases, notably in the silicone breast
implant litigation.108 Given the myriad
forms of forensic science and the 
number of challenges raised to such
evidence, these panels could be quite
helpful to courts deciding the admissi-
bility of controversial forensic science.

Appointment and allowance 
of competing expert opinions.
Defendants typically come to court
without experts, whether to challenge
admissibility in limine or to testify 
at trial to challenge the accuracy or
weight of the government’s testimo-
ny. The most obvious reason for this
is a lack of funds to pay for them. 
In addition, many criminal defense
lawyers do not anticipate needing 
an expert, assuming all forensic evi-
dence will be reliable or they can
expose all of the weaknesses they
need to on cross-examination. Though
both federal and state courts provide
for appointment of expert witnesses,
many jurisdictions have high standards
for appointing experts.

Greater access to and use of com-
peting expert evidence in criminal
cases involving forensic identification
testimony would dovetail with
Daubert’s recognition that “presenta-
tion of contrary evidence” is one
appropriate method of attacking
shaky but admissible evidence.109 For
the adversary process to work, both 
advocates need the resources to 
present their strongest case. Courts
can help make the adversary process
work as it should by making such
appointments more regularly. In 
the long run, it would also lead to
improvements in forensic science
because, ironically, the weaknesses in
forensic science are in considerable
part the result of a lack of adversarial
testing of forensic science throughout
most of the twentieth century.

Volume 44 • Number 5 • Fall 2005 • American Bar Association • Judges’ Journal “Forensic Science: Grand Goals, Tragic Flaws, and
Judicial Gatekeeping” by Jane Campbell Moriarty and Michael J. Saks, published in Judges’ Journal, Volume 44, No.4, Fall 2005 © 2005 by

the American Bar Association. Reproduced by permission. All rights reserved. This information or any portion thereof may not be copied or
disseminated in any form or by any means or stored in an electronic database or retrieval system without the express written consent of the

American Bar Association.

30



Jury instructions. Some courts
have decided that if shaky but admis-
sible expert forensic evidence comes
before the jury, the jury should be
instructed in a manner that allows it to
put the evidence in proper context. The
court explains to the jury that forensic 
scientists are not scientists per se but
are more akin to craftsmen, and that
their testimony may be less precise
than, for example, a chemist’s.110 The
concern that jurors may overvalue
expert opinion evidence can be amelio-
rated somewhat by a clear instruction
designed to temper the belief jurors
may have in the aura of infallibility of
forensic examiners.

Conclusion
As Justice Stephen Breyer noted in

his concurrence in General Electric v.
Joiner, scientific evidence often
requires judges to make “subtle but
sophisticated” determinations; at the
place where “law and science inter-
sect, those duties often must be exer-
cised with special care.”111 Make no
mistake, these are not simple tasks. In
an attempt to help judges in those dif-
ficult determinations, we have sought
to provide some guidance in the area
of forensic science, offering an
approach that conforms to the law and
yet recognizes the realities of judicial
decision making in a complex area. 
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