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BY EMILY J. PROKESCH

The Myth of the Match:

Pattern Matching in Cases
Involving Firearms Evidence

The prosecution of Luigi
Mangione, charged with
murdering a health
insurance company
executive in New York City
in December, is an
opportunity to bring into
public view scientific ®
critiques of pattern
matching relative to
firearms evidence.
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n the days after Luigi Mangione’s arrest at

aMcDonald’s in Altoona, Penn., New York

Police Department (NYPD) Commissioner

Jessica Tisch publicly claimed that the gun
recovered on Mangione at the time of his arrest
“matched” shell casings recovered from the crime
scene where health insurance CEO Brian Thomp-
son was fatally shot in New York City.!

Media companies quickly reported these
claims — that cartridge casings recovered at the
scene of the shooting “matched” the test fires
from Mangione’s gun — even though this type of
opinion is not supported by science. The sharing
of this information without independent inves-
tigation of the reliability of the evidence is not
entirely surprising given the misconceptions of
forensic evidence portrayed in movies, TV, and
public imagination.

As a public defender for over a decade, I have
spent much of my career litigating forensic evi-
dence and fighting against the misuse of science
and surveillance both in individual criminal cases
and at the systemic level. I can speak firsthand to
the struggle public defenders face in the court-
room combatting the misconceptions held by
judges and juries alike that forensic evidence is
objective, reliable, and infallible. This is why it
is so troubling to see these claims of a “match”
in Mangione’s case perpetuated by not only the
media but defense lawyers as well.?

Reporting these forensic opinions as facts dan-
gerously overstates the reliability and strength
of the pattern-matching evidence and is uniquely
misleading to jurors.* There are many reasons to
question the validity of the firearms (and finger-
print) comparisons in Mangione’s case.*

Rather than accept the NYPD’s opinions at face
value, lawyers can use this case to correct com-
mon misconceptions about forensics’ infallibil-
ity and to debunk the myth of the “match.” This
article addresses some of the scientific critiques
of the pattern-matching methods with the hope
of making them part of the public discourse.

What Is Pattern Matching?

Pattern matching, also known as feature-
comparison methods, refers to a wide variety of
forensic disciplines, such as fingerprints, firearms
and toolmarks, shoeprints, handwriting, and bite
marks, that aim to determine whether an eviden-
tiary sample (for example, from a crime scene) is
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or is not associated with a potential source sample
(for example, from a suspect) based on the pres-
ence of similar patterns, impressions, features, or
characteristics in the sample and the source.®

Firearms examination, which is a subset of tool-
mark comparisons more broadly, seeks “to deter-
mine whether ammunition is or is not associated
with a specific firearm based on toolmarks pro-
duced by guns on the ammunition.” For example,
was a spent bullet or cartridge casing recovered at
the scene of a shooting fired from the specific gun
recovered in the suspect’s car? Were two pieces
of spent ammunition fired from the same gun or
different guns? A firearms examiner attempts to
answer these questions by visually comparing the
scratches and marks on the surfaces of the spent
bullets or cartridge casings.

The basic premise of firearm and tool marks is
the following: When the harder metal components
of the gun come in contact with the softer metal
surface of the cartridge during the firing process,
the gun’s metal components might stamp or
scratch marks onto the surface of the cartridge.’

There are three different categories of mark-
ings: class characteristics, subclass characteris-
tics, and so-called individual characteristics. A
firearms examination begins with a comparison
of class characteristics, which the Association of
Firearm and Tool Mark Examiners (AFTE) defines
as “measurable features of a specimen which
indicate a restricted group source.”

Class and “Individual” Characteristics

Class characteristics result from design fac-
tors and are determined before manufacturing
begins.?Class characteristics are shared by guns
of the same make and model. They are measur-
able features predetermined by the manufacturer
and include caliber, firing pin shape, the number
of lands and grooves in the barrel, and the direc-
tion of the twists.” If a firearms examiner believes,
based on examination of the class characteristics
of two pieces of ammunition, that the pieces of
ammunition were fired by guns with different char-
acteristics, the firearms examiner will render an
elimination opinion that the two pieces of ammu-
nition were fired from different guns. If the class
characteristics are similar, however, the examiner
compares the so-called individual characteristics.”
Individual characteristics are random scratches
acquired during the firing process by imperfections
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on the inside of the gun produced dur-
ing the manufacturing process or from
normal wear and tear." These imperfec-
tions leave marks on the bullet or casing
as it leaves the gun and are believed to
be unique to a particular gun. However,
there are no statistics about how com-
mon or rare these markings are, which
begs the question: can these characteris-
tics be considered unique?

Examiners visually compare the ran-
dom markings on bullets or cartridge
casings under a light-comparison micro-
scope, which is essentially two micro-
scopes connected by one optical bridge,
to subjectively determine whether they
believe the two pieces of ammunition
were fired from the same gun. There
are no standards about the quality or
quantity of features needed to declare
a match. Rather, the examiner is merely
looking for “sufficient agreement”
among individual characteristics, which
is defined as the level of agreement that
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“exceeds the best agreement demon-
strated between tool marks known to
have been produced by different tools
and is consistent with agreement dem-
onstrated by tool marks known to have
been produced by the same tool.”2
“Sufficient agreement” is relative
to the individual examiner’s own
experience (without the benefit of
ground truth being known — such as
when the truth of whether two samples
came from the same source or different
source is known, as it would be ina
study, or encountered in training).
In essence, sufficient agreement is a
standard akin to beauty being in the
eye of the beholder. It stands to reason,
then, that when examiners look for
those “unique” characteristics, what
they really mean is, unique as far as they
know. The subjectivity of the “sufficient
agreement” standard is further
confounded by the third category of
markings: subclass characteristics.

Subclass Characteristics

Subclass characteristics are unintended
marks caused by unknown defects or
imperfections in the manufacturing
process that affect an entire batch or
manufacturing run.* Subclass charac-
teristics are somewhat of a red herring
for the discipline: These markings can
be hard to distinguish from randomly
acquired scratches and are easily mis-
taken for individual characteristics.”®

There are no standards to guide
differentiating between subclass and
individual characteristics and “simply
no telling when a subclass arises or
how many firearms are in a subclass....
Examiners in the field would be utterly
unaware of subclass characteristics
present in a batch or batches of fire-
arms.”® The danger is that in declaring
amatch or making an identification, a
firearms examiner might rely on mark-
ings the examiner believes are indi-
vidual characteristics when in fact the
markings are subclass characteristics
shared by an unknown number of guns
and are not unique.

In the absence of statistics about the
uniqueness or rarity of features and
without standards about the quality
and quantity of features needed to
declare a match, firearms comparisons
completely depend on examiners’ sub-
jective judgments.

Reliability and Inconclusive Debate

Firearms examination evidence has
been routinely admitted in courts for
many decades. But the trustworthiness
of such evidence has not been conclu-
sively established.

For decades, the reliability of fire-
arms examiners’ claims that they can
visually compare microscopic marks
on fired bullets or cartridge casings to
determine if the spent ammunition was
fired from the same gun or different
guns was not meaningfully evaluated.”
In 2008, the National Resource Council
Ballistic Imagining Report revealed that
the basic premises of uniqueness and
reproducibility underlying the field of
firearms and tool marks were yet to be
empirically established.®

In 2009, the National Academies of
Science found that studies conducted to
understand repeatability and reproduc-
ibility for firearms examination were
insufficient, and in 2016, the President’s
Council of Advisors on Science and
Technology (PCAST) concluded that the
scientific validity of firearms examina-
tion had not been demonstrated.”

PCAST instructed that for subjective
methods that rely heavily on human
judgments, the only way to demonstrate
validity is with accuracy rates estab-
lished through appropriately designed
black box studies. “Nothing — not train-
ing, personal experience nor professional
practices — can substitute for adequate
empirical demonstration of accuracy.”?

Flawed Study Designs. PCAST’s re-
view of the existing validation research
uncovered two fundamental design
flaws among the studies. The first was
that many studies used a closed-set
design that did not allow for accurate
error-rate calculations because there
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was no way to know how many compari-
sons each study participant (firearms
examiner) made.

Participants could leverage interde-
pendencies to complete these studies,
which also made it easier than open-set
pairwise studies.? For the latter, study
participants compared one sample set
at atime and reached a conclusion be-
fore moving on to the next sample set.??
In theory, a firearms examiner should
answer either match or identification
— the samples were fired by the same
gun; or elimination or exclusion — the
samples were fired by different guns.

However, study participants were
permitted to provide a third category of
answer: inconclusive. PCAST revealed
that these answers were mathemati-
cally treated as correct answers when
calculating the error rate, and thus,
artificially lowered the reported rate of
error.? PCAST suggested an alternative
way of treating inconclusive answers,
which was to drop them from the calcu-
lation altogether.?

This study flaw, which came to be
known as “the inconclusive response
problem,” was the source of much
scientific debate and the focus of some
successful litigation regarding the
admissibility of evidence from firearms
examiners.? Scientists did not neces-
sarily agree as to how the inconclusive
answers should be treated, but those
outside the community of firearms ex-
aminers agreed that the way the studies
treated them was an error and re-
sulted in the reported error rates being
inaccurate. The inconclusive-response
debate became the first of an evolving
body of scientific critiques. In many
ways, PCAST helped to put the flaws that
plagued firearms examination validation
research on the radar of mainstream
scientists and academics. The scientific
critiques only grew from there.

Critiques to Date

After PCAST, some scientists took a clos-
er look at the error-rate studies’ design.?®
The discourse regarding the study design

and statistical calculations became more
robust, as additional independent scien-
tists, statisticians, and researchers have
examined the research and published
their own scholarship on the subject.?

Arecent contribution to this body of
scholarship is an article that provides an
overview of and builds on the scientific cri-
tiques to date. Cuellar et al. analyzed each
of the major flaws, which they list in Table 1
in their article, and synthesized the scien-
tific criticism of the error-rate studies.

These flaws include inadequate
sample size, nonrepresentative sample,
nonrepresentative materials, non-
representative testing conditions and
environment, inconclusive responses
treated as correct or ignored, invalid or
nonexistent uncertainty measurements
for error rates, and missing data.?® These
flaws mean that the reported error rates
in the studies are not generalizable to
the discipline as a whole or that they are
otherwise inaccurate.

As aresult, there is currently no
known error rate for the discipline.
And “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 prejudi-
cial impact.”? In other words, without a
known, accurate error rate, an exam-
iner’s opinion that a piece of ammunition
came from a specific gun is meaningless.

Jurors do not know how much weight
to give to such evidence. Without em-
pirical support, a firearms examiner’s
opinion is baseless speculation or the
very ipse dixit of the expert that the U.S.
Constitution prohibits.*

Recent research also suggests low
rates of repeatability and reproducibil-
ity.* One study found that examiners
disagreed with themselves 20% of the
time when examining the same sample
and disagreed with each other 30-45% of
the time.* It follows that if the method
is not repeatable and reproducible, it is
not scientifically valid. Simply put, in the
area of firearms examination, “match” is
an opinion without empiric support.

Implications for Cases

In response to recent research and
well-established critiques from the
broader scientific community, Maryland
and the District of Columbia no longer
allow testimony in criminal trials that
there was a “match” or identification of
one specific gun.* Rather, the examiner
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can only explain that the markings on
the cartridge casings are consistent or
are inconsistent.** Other courts have
imposed limitations on or totally pre-
cluded testimony beyond comparison
of class characteristics,* which a Cook
County Circuit Court found to be more
prejudicial than probative and thus
should be inadmissible.*®

These admissibility decisions might
encourage lawyers (and the public at
large) to also question the validity of the
“match” opinions being reported in Luigi
Mangione’s case and to not immediately
accept the NYPD's forensic opinions. An
additional reason to take pause about
the reliability of the examination and
opinions formed in Mangione’s case is
that the gun in question is a ghost gun.

The basic premise of firearm and
tool mark identification is rooted in the
manufacturing process. Ghost guns are
assembled from parts printed using a 3D
printer.® These guns do not go through
the normal manufacturing process.

It stands to reason that the existing
research is not applicable for this kind
of firearm, and the examiners’ train-
ing and experience might not be either.
Recent research has suggested that
existing validation studies do not have
sufficiently difficult test samples for the
error rates, notwithstanding other study
design flaws and statistical errors, to be
generalizable for the field using tradi-
tionally manufactured guns, and that
existing research does not adequately
test performance on close nonmatches.*

These factors make the applicability
of existing research even more tenuous
for ghost guns. Regardless of an indi-
vidual’s existing beliefs regarding the
validity of firearms examination, there
is reason to question its use in the case
against Mangione.

Conclusion

The prosecution of Luigi Mangione for
the murder of Brian Thompson offers
an opportunity to examine the role of
forensic evidence in criminal cases and
its portrayal in the public imagination.
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The challenges surrounding pattern-
matching methods, compounded by
cognitive biases and the lack of empiri-
cal validation, underscore the need for a
paradigm shift in how such evidence is
understood and used.

Forensic evidence should be held to
the same rigorous scientific standards

as other disciplines, ensuring accuracy,
reliability, and transparency. Because of
the significance of firearms evidence in
the murder of Thompson, the prosecu-
tion of Mangione has the potential to
reshape public perceptions and promote
the development of scientifically
grounded practices. It is imperative

to challenge entrenched myths and
advocate for reforms that safeguard the
integrity of justice. There are many rea-
sons to challenge the reliability and thus
admissibility of the pattern-matching
“match” opinions in the case, which is a
fight backed by science. wi
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