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STATEMENT OF INTEREST OF AMICI CURIAE'

The amici are law professors, scientists, and statisticians at some of America’s leading
universities who have devoted a substantial part of their teaching, work, research and/or writing
to criminal law and procedure, including issues pertaining to the accuracy and reliability of
evidence and equity in criminal outcomes. Their work has been published by major university
presses and in leading scientific and law journals. The professors, scientists, and statistician
amici are listed on Appendix A hereto.

INTRODUCTION

By ensuring that only valid, reliable expert testimony is admitted into evidence or relied
upon to secure convictions, courts play a crucial role in the prevention of the injustice of
wrongful convictions. To protect the integrity of both individual judicial proceedings and the
broader justice system, courts must exclude unproven and unreliable forensic testimony at
criminal trials. At bottom, “[t]he fair administration of justice requires that science is accurately
and effectively communicated to the fact finders” in judicial proceedings. Itiel E. Dror &
Nicholas Scurich, (Mis)use of Scientific Measurements in Forensic Science, 2 Forensic Sci.
Int’l: Synergy 333, 333 (2020).

Firearm and toolmark (“FA/TM”) examiners purport to “match” spent ammunition to one
particular firearm—mnot a type of firearm, make of firearm, or model of firearm—by visually
comparing spent ammunition recovered from a crime scene with spent ammunition from a test

fire from the firearm suspected to have been used in the crime. FA/TM evidence is premised on

! Both parties have consented to the filing of this amici brief. No counsel for a party authored
this brief in whole or in part, and no party or its counsel made a monetary contribution intended
to fund the preparation or submission of this brief. No persons other than amici, their members,
or their counsel made a monetary contribution to this brief’s preparation or submission.



the unproven assumption that each firearm leaves unique, individualized markings on spent
ammunition. Though routinely admitted by courts for decades, the scientific community at large
has now sounded the alarm that the “fair administration of justice” is severely threatened by the
admission of FA/TM evidence. In particular, the current scientific consensus is that FA/TM
evidence lacks scientific support from well-designed, empirical studies.? The overwhelming
majority of studies purporting to demonstrate the validity and reliability of FA/TM evidence, in
fact, have been poorly designed, having been “developed by insular communities of nonscientist
practitioners”—members of the AFTE, i.e., practicing FA/TM examiners rather than scientists—
“who did not incorporate effective statistical methods.” William A. Tobin, H. David Sheets &
Clifford Spiegelman, Absence of Statistical and Scientific Ethos: The Common Denominator in
Deficient Forensic Practices, at 1, 4 Statistics & Pub. Pol’y (2017),
https://www.tandfonline.com/doi/pdf/10.1080/2330443X.2016.1270175.

The myriad flaws in the design of existing FA/TM studies render their conclusions
statistically—and scientifically—unreliable. Poorly designed studies result in narrowly
applicable data from which proponents of FA/TM analysis draw overbroad and improper
inferences. Among other things, while interested proponents of FA/TM analysis assert that it has
an error rate of “1%,” e.g., FBI Laboratory Response to the Declaration Regarding Firearms and
Toolmark Error Rates, People v. Winfield, No. 15 CR14066-01 (Cook Cnty. Cir. Ct. May 3,
2022), at 3 (“FBI Lab Response”), the scientific community has overwhelmingly concluded that,

because of the design of existing studies, (1) this number is woefully underinclusive and (ii)

2 The amici will not address here the serious flaws in the entirely subjective methodology
employed by FA/TM examiners propounded by their trade group, the Association of Firearm and
Toolmark Examiners (“AFTE”). Amici understand that Mr. Green has extensively briefed that
issue. (See Motion to Exclude Expert Testimony in Firearms Identification and Memorandum of
Points and Authorities In Support Thereof, Nov. 2, 2021.)
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existing studies have not actually or appropriately shown a “known or potential rate of error.”
Daubert v. Merrell Dow Pharms., Inc., 509 U.S. 579, 593-94 (1993). The import of a “known or
potential rate of error” is obvious: “[kJnowing the error rates in a particular forensic domain is a
vital measurement needed to ascertain the weight of the evidence. The appropriate weight of the
evidence cannot be known without some sense of the rates at which the technique errs.” Dror &
Scurich at 333 (citation omitted); see also Thomas D. Albright, How to Make Better Forensic

Decisions, Proc. Nat’l Acad. of Sci., at 7 (Sept. 2022), https://doi.org/10.1073/pnas.2206567119

(noting that the trier of fact “truly needs to know” the “examiner’s decision, together with an
estimate of the probability that the decision is correct.””). Of the few more appropriately
designed studies, the most recent—a collaboration between the FBI and the Ames Laboratory—
demonstrates that examiners are unable to repeat their conclusions between 21% and 70% of the
time. (Ames I, infra Section 1.B.2.)

Though some proponents of FA/TM evidence have attempted to cover over these
consistent flaws by employing the idea of “convergent validity”—that is, the idea that, when
taken as a whole, a group of flawed studies can tend to demonstrate reliability—this semantic
dodge cannot change the fact that the vast majority of FA/TM studies suffer from common flaws
and, as such, their conclusions do not become any more forceful in the aggregate.

Moreover, despite this astounding absence of demonstrated validity, FA/TM evidence is
often presented to juries in broad categorical strokes. Testifying examiners report their
conclusions by declaring a definite identification (i.e., the crime scene ammunition came from
the suspected firearm), definite exclusion (i.e., the crime scene ammunition did not come from
the suspected firearm), or inconclusive (i.e., the examiner cannot state one way or another).

Such confident, definitive statements, combined with the uncertainty of how often the FA/TM



methodology actually results in errors, can easily cause jurors to be misled—or, at a minimum,
confused—about the import and weight of FA/TM evidence.

To prevent future wrongful convictions—and unfair proceedings—based on now-
discredited FA/TM evidence, amici respectfully urge this Court to take the opportunity presented
by this case to explicitly hold that FA/TM evidence is inadmissible in criminal courts in the
District of Columbia because it is not scientifically validated, is inherently unreliable, and does
not meet the well-established standards set forth in Federal Rule of Evidence 702 and Daubert.
In the alternative, if the Court is unwilling to hold that FA/TM evidence is inadmissible, amici
respectfully urge the Court to hold that, at most, FA/TM examiners may opine that a firearm
“cannot be excluded” as the source of the ammunition at issue.

ARGUMENT

I THE SCIENTIFIC COMMUNITY HAS REJECTED THE NOTION THAT
FA/TM IS RELIABLE OR SCIENTIFICALLY VALIDATED

District of Columbia courts have “allowed the admission of expert testimony concerning
ballistics comparison matching techniques” for “decades.” Gardner v. United States, 140 A.3d
1172, 1183 (D.C. 2016) (citing Laney v. United States, 294 F. 412,416 (D.C. Cir. 1923)).
“Beginning around 2008, however, questions about pattern matching generally, and bullet
pattern matching specifically, surfaced in the scientific community.” /d..

Beyond raising mere “questions,” however, the broader scientific community has re-
assessed and forcefully discredited FA/TM because it has not yet been demonstrated to be
scientifically valid.

A. Four Reports By Committees Of Experts From The Scientific Community Have
Concluded That FA/TM Is Not Scientifically Valid

Beginning in 2008 and continuing through 2017, three separate panels of distinguished
independent experts from the broader scientific and academic community (not limited to

4



FA/TM)—convened by National Academy of Sciences (“NAS”) and the President’s Council of
Advisors on Science and Technology (“PCAST”)—authored four separate reports raising serious
concerns about the scientific validity and reliability of FA/TM evidence (as well as other
“pattern-matching” fields).> Importantly, the committees authoring these reports consisted of
independent scientists and professors with expertise in physics, chemistry, biology, materials
science, engineering, biostatistics, statistics, scientific methodology and study design, and
medicine, as well as judges and lawyers—rather than toolmark examiners, whose financial and
professional stake in the continued embrace of their discipline is apparent. Each of those
national scientific committees heard testimony from forensic scientists, reviewed nearly every
available journal article and study involving toolmark examination, and read every article or
study submitted by members of the forensic community.* As such, these bodies were uniquely
qualified to determine whether this field is based on valid, reliable scientific principles or
methodologies.

In the end, the conclusions of these committees were uniform and devastating: the

“fundamental assumptions” underlying toolmark examination, including the claimed uniqueness

3 See generally, National Research Council, Ballistic Imaging, National Academies Press (2008),
https://doi.org/10.17226/12162 (“Ballistic Imaging”); National Research Council, Committee on
Identifying the Needs of the Forensic Sciences Community, Strengthening Forensic Science in
the United States: A Path Forward (Aug. 2009),
https://www.ojp.gov/pdffiles1/nij/grants/228091.pdf (“NAS Report”); President’s Council of
Advisors on Science and Technology, Forensic Science in Criminal Courts: Ensuring Validity of
Feature-Comparison Methods (Sept. 2016),
https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/PCAST/pcast_forensic_
science_report_final.pdf (“PCAST Report™); President’s Council of Advisors on Science and
Technology, An Addendum to the PCAST Report on Forensic Science in Criminal Courts (2017),
https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/PCAST/pcast_forensics
_addendum_finalv2.pdf (“PCAST Addendum”).

4 See, e.g., PCAST Report at 2, 155-160; NAS Report at xx, 2-3; Ballistic Imaging at xiii—xvi;
PCAST Addendum.




of all striae, have not been proven; the theory of toolmark identification—i.e.,
“individualization” or matching any particular tool to a particular mark—is “not a scientific
theory”; the method is subjective; and there is insufficient empirical evidence establishing either
the scientific validity of the field or even estimating the reliability of toolmark examinations.’ In
short, the committees concluded that FA/TM examination consists of applying a subjective
methodology to an unvalidated assumption, and it lacks the studies necessary to demonstrate that
it produces reproducible, repeatable, and valid results.

B. Since The Ballistic Imaging, NAS, And PCAST Reports, The Scientific Community
Has Continued To Cast Doubt Upon FA/TM

Since publication of the Ballistic Imaging, NAS, and PCAST Reports, the scientific
community has elaborated upon and amplified the criticisms of FA/TM evidence. A litany of
publications by authors spanning multiple disciplines have continued to call FA/TM into
question, including but not limited to:

e David L. Faigman, Nicholas Scurich, & Thomas D. Albright, The Field of
Firearms Forensics Is Flawed, Sci. Am. (May 25, 2022),

https://www.scientificamerican.com/article/the-field-of-firearms-forensics-is-
flawed/;

e [tiel E. Dror & Nicholas Scurich, (Mis)use of Scientific Measurements in Forensic
Science, 2 Forensic Sci. Int’l: Synergy 333 (2020);

e William A. Tobin, H. David Sheets & Clifford Spiegelman, Absence of Statistical
and Scientific Ethos: The Common Denominator in Deficient Forensic Practices,
4 Statistics & Pub. Pol’y (2017),
https://www.tandfonline.com/doi/pdf/10.1080/2330443X.2016.1270175;

e Thomas D. Albright, How to Make Better Forensic Decisions, Proc. Nat’l Acad.
of Sci., at 7 (Sept. 2022), https://doi.org/10.1073/pnas.2206567119;

e Alan H. Dorfman & Richard Valliant, Inconclusives, Errors, and Error Rates in
Forensic Firearms Analysis: Three Statistical Perspectives, at 5, 5 Forensic Sci.
Int’l: Synergy (June 8, 2022); and

5 See Ballistic Imaging at 3; NAS Report at 154; PCAST Report at 47, 60, 104, 111, 113.
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e Heike Hoffman, Alicia Carriquiry & Susan Vanderplas, Treatment of
Inconclusives in the AFTE Range of Conclusions, 19 Law, Prob., and Risk 317
(2020).

1. Existing FA/TM Studies Almost A/l Suffer From Serious Design Flaws
Which Prevent Them From Validating FA/TM As A Discipline

For a scientific method to be valid, it must be: (i) repeatable, i.e., in the context of
FA/TM evidence, the examiner reaches the same conclusion when presented with the same
evidence; (i1) reproducible, i.e., different examiners reach the same conclusion when presented
with the same evidence; and (iii) accurate, i.e., the conclusion is correct. Validation studies are
intended to understand the range of conditions under which the method works as required, how
well it performs, and to identify conditions under which it is likely to fail.

A high quality study design is needed to achieve these goals. Existing FA/TM studies,
however, overwhelmingly suffer from design flaws preventing them from reaching these aims
and contributing toward the validation of FA/TM. The scientific community, including leading
experts in study design, human cognition, statistics, and other scientific disciplines, have noted
the myriad design flaws in existing FA/TM literature to include:

Fundamental Study Design. Two fundamental flaws in the design of nearly all FA/TM
studies render them incapable of providing meaningful, generalized results applicable to FA/TM
evidence as a whole—even when considered in the aggregate:

First, existing FA/TM studies have largely used closed rather than open sets. In a closed-
set study there is a “match” for every test sample in a set. PCAST Report at 108-09. As such, a
closed-set study is easier than one in which a test sample might have no “match,” because in a
closed set the examiner can merely look for the closest match in the set. Moreover, a closed set
allows an examiner to come to correct conclusions simply by process of elimination, akin to a

Sudoku puzzle. Indeed, an examiner in a closed set study will be able to come to at least some



conclusions without having to perform any analysis. Id.; see also United States v. Adams, 444 F.
Supp. 3d 1248, 1264-65 (D. Or. 2020) (error rates in tests using “partly closed sets” were
“‘nearly 100-fold higher’ than from the closed-set tests” (quoting United States v. Shipp, 422 F.
Supp. 3d 762, 777-78 (E.D.N.Y. 2019); citing PCAST Report at 109)). For example, in one
study, participants were asked to evaluate spent ammunition and match it to 10 potential barrels;
as a result, random guesses have a 1-in-10 chance of being correct. Clifford Spiegelman &
William A. Tobin, Analysis of Experiments in Forensic Firearms/Toolmarks Practice Offered as
Support for Low Rates of Practice Error and Claims of Inferential Certainty, 12 Law,
Probability & Risk 115, 127 (2013). Error rates in a closed set study would not correlate with
casework error rates, since in casework, of course, there is by definition no guarantee that any of
the evidence in fact “matches” the test samples.

Second, existing FA/TM studies do not generally report the drop-out rate for participants.
Research has found that if less than 5% of participants drop out, “there is little threat to the
statistical validity of the study, but if more than 20% of participants drop out, the study’s validity
is severely compromised.” (Ex. 1 at4.) It is simply not known what the effect of participant
drop-out is on existing FA/TM studies—it could be minimal, or could be significant.

Participant Sampling. In order for studies to be generalizable to FA/TM on the whole,
the participants must be a representative sample from the population at issue—in the case of
FA/TM, all qualified examiners in the U.S. (/d. at 5; see also Alan H. Dorfman & Richard
Valliant, Inconclusives, Errors, and Error Rates in Forensic Firearms Analysis: Three Statistical
Perspectives, at 5, 5 Forensic Sci. Int’l: Synergy (June 8, 2022).) Existing FA/TM studies,
however, have not randomly selected participants from the population, but have instead relied

upon self-selected volunteers. (Ex. 1 at 6.) This leads to inherent biases in the study population;



for example, experienced examiners who may have lower error rates than the population of
examiners on the whole may be more likely to volunteer “out of a sense of duty to the
discipline.” (Id.) Without a representative sample of participants, a study can speak only to the
error rate of those participants, not to the discipline as a whole.

Material Sampling. Like participant sampling, well-designed studies should also have a
representative sample of the ammunition and firearms that an examiner could encounter in a real-
world setting. Existing FA/TM studies largely concern a single type of firearm and/or a single
type of ammunition. (/d.) In many cases, existing studies examine firearms of the same make
and model manufactured closely in time. (/d.; see also Spiegelman & Tobin at 124 (noting that
in one study oft-cited to courts by proponents of FA/TM, only three types of weapons were used,
“two with sample size 1), 127 (noting that in another oft-cited study, “one type of weapon” and
“possibly two types of ammunition” were used).) In other cases, the studies concern only
firearm makes and models that are known to mark well. (Ex. 1 at 6-7.) Existing FA/TM studies
are thus not representative of the discipline on the whole, and findings and error rates may not
generalize well to FA/TM on the whole.

Missing Data and Non-Responsive Bias. In addition to those dropping out, participants
commonly fail to complete the full study, creating two potential sources of missing data. (/d. at
7-8; see Dorfman & Valliant, Inconclusives at 5.) Missing data can create several potential
biases—particularly if the participants that are the source of missing data are “systematically
different” from those who do complete the study. (Ex. 1 at7.) FA/TM studies have not reported
their rates of missing data, and it is thus impossible to assess the magnitude of its effect on the

error rates reported by those studies.



Type of Marks and Study Difficulty. Marks by firearms can differ significantly based
upon the make and model of firearm and the ammunition used. Some firearms leave breechface
markings, i.e., markings on the flat end of the cartridge where the breechface of the firearm
makes contact with the cartridge to force it out of the barrel; others leave marks on the sides of
the cartridge or bullet. It is “not reasonable” to assume that error rates examining one type of
marking can be applied to other types of markings. (/d. at 8.) Similarly, by design, studies are of
varying levels of difficulty; error rates discerned in studies of differing levels of difficulty cannot
be compared or generalized for the obvious reasons. (/d. at 8-9.)

Inconclusives. Finally, and critically, FA/TM studies are fundamentally flawed in how
they treat inconclusive results. Where an examiner cannot identify a match or definitively rule
out a match, AFTE’s theory of identification permits the examiner to report results as
“inconclusive.” Dorfman & Valliant, Inconclusives at 1. However, existing FA/TM error rate
studies were designed such that test items are prescreened and removed from the study if they
appear to be inconclusive in nature, and, as such, in these studies no answer of inconclusive
should be deemed “correct.” Dror & Scurich at 336. However, most FA/TM studies count an
answer of “inconclusive” as a correct answer. Thus, test takers are effectively allowed to skip
difficult questions—which are, by definition, more likely to yield wrong answers—by simply
answering “inconclusive.”® This method of scoring unquestionably “misrepresents the reality of
evidence in casework” and inherently, artificially depresses the true error rate. /d. at 334, 336

(““A priori presuming that inconclusive decisions can never be an error is problematic. If some

®In Ames I (defined below), more than 20% of test takers labeled every single different-source
cartridge case comparison (the type of comparison that can produce false positives) as
inconclusive. David P. Baldwin et al., Ames Laboratory, USDOE, Technical Report #1S-5207, 4
Study of False-Positive and False-Negative Error Rates in Cartridge Case Comparisons 16
(2014), https://www.ojp.gov/pdffiles1/nij/249874.pdf.
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examiners conclude an identification (or exclusion) whereas other examiners conclude as
inconclusive, then at least some of the examiners are mistaken. . . [I]t is obvious [everyone]
cannot be correct when examiners reach different conclusions on identical comparisons.”).
Other studies simply exclude inconclusives from their analysis altogether, which also artificially
deflates potential error rates and renders reported error rates uninformative. Dorfman &
Valliant, Inconclusives at 3; Albright at 5. At the extreme, these systems would allow an
examiner to answer “inconclusive” on every test question and nevertheless receive a perfect

Score.

(113 299

In sum, the ““validation studies’” that exist concerning FA/TM “typically result from,”
among other things “statistical . . . deficiencies in the design and conduct of the experiments, and
frequently lead to unjustified inferential extrapolation to universal” application to FA/TM.
Spiegelman & Tobin at 115. In other words, “[t]he various ‘validation studies’ may be skilled
experiments as forensic proficiency tests for specific examiners (test respondents) in controlled
circumstances, but the same studies as currently exist are inappropriate for extrapolation to
universal assumption or otherwise representative of rates of error for the field of” FA/TM
evidence. Id. (See also Ex. 1 at 10; Ex. 2 at 34.) As a result, existing studies have “conclusions
[that] far exceed statistically sound inferences from the experimental evidence.” Spiegelman &
Tobin at 130; see also id. at 118 (“Because most of the studies reviewed by the authors stray to
varying degrees from the true scientific method, they frequently contain another characteristic of
‘pathological science’: wishful data interpretation.”). Leading statisticians (and the scientific
community on the whole) have therefore reached one inescapable conclusion: multiple well-

designed studies are still badly needed to demonstrate the general scientific validity and

reliability of FA/TM evidence.
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2. The Only Arguably Well-Designed FA/TM Studies Demonstrate
Alarming Error Rates

Proponents of FA/TM evidence have asserted that it is impossible or impractical to
conduct studies establishing a discipline-wide error rate in support of the validity of FA/TM and
that criticism of existing studies and FA/TM evidence is thus overblown. Not so. While it may
be complex to establish a discipline-wide known or potential rate of error using well-designed
empirical studies, Spiegelman & Tobin at 130-31, such difficulty should not prevent the FA/TM
and scientific communities from attempting to do so—life and liberty are at stake.’

Contrary to its proponents’ assertions, it is possible to design FA/TM studies with proper
study design. Three existing studies have been arguably well-designed, testing multiple types of
firearms and substrates. The results of these studies, however, do not support the validity of
FA/TM evidence. They instead demonstrate why more well-designed studies are necessary. In
particular, these studies demonstrated alarming error rates in FA/TM evidence—rather than
establish or in any way support its validity.

Two studies undertaken by the Ames Laboratory, a Department of Energy national
laboratory affiliated with Iowa State University, showed astounding error rates in FA/TM
examinations.

In the first study (“Ames 1), researchers identified a positive error rate between 1 in 66
and 1 in 46, i.e., examiners made a false positive or inconclusive identification as frequently as
every 1 in 46 examinations—a far cry from the near certainty testifying firearms examiners

portray in their testimony. See Baldwin et al., supra n.6.

7 Nor should courts permit proponents of FA/TM evidence to simply dispense with Daubert’s
requirement that the “known or potential rate of error” be established as a threshold issue for
reliability and, thus, admissibility.
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The results of the second Ames study (“Ames I1”’) are even more troubling. Participants
concluded that the results of comparisons were inconclusive 50% of the time with respect to
bullets and 40% of the time with respect to cartridge casings—a significant portion of the results.
Dorfman & Valliant, Inconclusives at 6. The authors of Ames II reported inconclusives as
“neutral non-errors,” which allowed them to report error rates of less than 0.8%. Id. at 2. If
inconclusives are regarded as potential errors—and logically, they are (see pp. 10-11, supra)—
the potential error rate rises to more than 66%. Id.

Aside from the alarming potential error rate, Ames II highlighted the utter subjectivity
and inability of FA/TM to demonstrate the repeatability of its methodology. With respect to
bullets, examiners were unable to repeat their own conclusions 21% of the time for known
matches and 35.3% of known non-matches; they were unable to repeat the conclusions of other
examiners 32.2% of the time for known matches and nearly 70% of the time for known non-
matches. Stanley J. Bajic et al., Ames Laboratory-US DOE, Technical Report No. ISTR-5220,
Report: Validation Study of the Accuracy, Repeatability, and Reproducibility of Firearms
Comparison (Oct. 7,2020). The results as to cartridge casings were equally appalling:
examiners disagreed with their own conclusions 24.4% of the time for known matches and
37.8% of the time for known non-matches, and disagreed with other examiners 36.4% of the
time for known matches and 59.7% of the time for known non-matches. /d. In total, “examiners
examining the same material twice, disagree[d] with themselves between 20 and 40% of the
time.” Dorfman & Valliant, Inconclusives at 6; see also Alan H. Dorfman & Richard Valliant, 4
Re-analysis of Repeatability and Reproducibility in the Ames-USDOE-FBI Study, Stats. & Pub.
Pol’y (2022), https://doi.org/10.1080/2330443X.2022.2120137 (Ames II showed “rather weak

Repeatability and Reproducibility™).
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For different reasons, the third arguably well-designed study likewise cannot and does
not support the validity or reliability of FA/TM analysis. That study was a small, open-set study
of .40 caliber cartridge cases. Mark A. Keisler et al., Isolated Pairs Research Study, 50 AFTE J.
56 (2018). A single, limited study of one type of spent ammunition, alone, cannot validate the
entire field, however. Further, that study is not without a significant design flaw: like many
FA/TM studies, the author counted inconclusives as correct answers. Id. If the inconclusives
were counted as errors or potential errors, the error rate rises to nearly 20%.

C. Convergent Validity Does Not Salvage The Failure Of Existing FA/TM Studies To
Demonstrate That The Field Is Reliable Or Scientifically Valid

Proponents of FA/TM nonetheless posit that existing studies are sufficiently sound to
support the scientific validity and reliability of FA/TM evidence and, by extension, the
introduction of FA/TM evidence in legal proceedings. They argue, among other things, that the
concept of convergent validity can be applied to FA/TM literature. (Ex. 3 at 22.)

Convergent validity® is “the possibility that various publications, each with distinct
limitations when considered by itself, can reinforce each other and collectively support
conclusions that would not be warranted on the basis of a single article.” William Thompson et
al., Latent Fingerprint Examination, Forensic Science Assessments: A Quality and Gap
Analysis, American Association for Advancement of Science (2017) at 94 (“AAAS Report”). In
other words, proponents of FA/TM evidence assert that even if existing studies are flawed (see
Part I.A, supra), taken together, they suffice to establish the validity of FA/TM evidence by
“drawing a broader picture of how different examiners in various experimental settings, based on

data drawn from multiple relevant studies.” (Ex. 3 at 22; see also id. at 7 (“Moreover, multiple

8 Many research methodology experts would use the term “triangulation” to refer to what is
described in this subsection.
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studies, though each with specific limitations, together can complement each other.”).) Among
other things, proponents of FA/TM evidence note that the consistent findings of approximate 1%
error rates in the FA/TM literature support the notion that the error rate is, in fact, around this
level. FBI Lab Response at 3.

Convergent validity, however, is not properly applied to existing studies on FA/TM
evidence. Convergent validity could, arguably, provide support for the validity and reliability of
FA/TM evidence if the literature consisted of well-designed studies that, together, analyze
FA/TM over a representative sample of examiners, firearms, ammunitions, and conditions. It
does not. Rather, existing studies nearly universally suffer from the same design flaws. As a
result, no matter how many there are, these studies cannot support one another: instead of filling
in the gaps resulting from the limitations or flaws of each other, existing FA/TM studies
accentuate and widen those same gaps.

Indeed, the lead author of the publication FA/TM proponents often cite for the
proposition that convergent validity can and should apply to FA/TM—the AAAS Report, which
focused on fingerprint analysis—has explicitly rejected its application to existing studies. In
particular, Professor William C. Thompson—one of the amici on this submission—has noted
that the AAAS Report was not “intended to suggest or imply that forensic science techniques can
be considered valid in the absence of direct empirical tests of their accuracy or on the basis of
studies that PCAST considered flawed and inadequate.” (Ex. 4 at 3.) Rather, as Professor
Thompson noted,

The AAAS report was designed to provide a comprehensive review of the scientific

literature on fingerprint evidence. Consistent with that goal, it discussed the

convergence of findings across multiple studies of latent print examiners, including

a number of studies that PCAST noted as having design flaws or other limitations

that prevented them from being appropriate empirical tests for establishing
foundational validity. The AAAS report also noted these flaws and limitations; it
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did not suggest that these studies were appropriate tests of the accuracy of latent
print examination under conditions appropriate to use in practice. It found,
however, that many of these studies were nevertheless worthy of consideration for
other purposes, particularly for identifying factors that might affect the validity of
latent fingerprint examination as applied (such as the quality of the latent print;
training of examiners, etc.).

(/d. (emphasis added).)

At bottom, while proponents of FA/TM evidence may wish to invoke “convergent
validity” to prop it up, it simply cannot do so. Absent any well-founded and generalizable
conclusions from these studies, the body of evidence concerning FA/TM rests on the tiny
number of well-designed FA/TM studies—which undermine the validity and reliability of
FA/TM, rather than establishing it. (See pp. 12-14, supra.)

II. THE COURT SHOULD PRECLUDE CONCLUSIONS THAT IMPLY A
STATISTICAL BASIS

Among the chorus of critics of FA/TM are statisticians who have found that, in their
present form, studies in many common pattern matching forensic disciplines such as FA/TM and
fingerprint comparison, have reported statistically inappropriate conclusions. E.g., American
Statistical Association, Position on Statistical Statements for Forensic Evidence, at 2 (Jan. 2,
2019), https://www.amstat.org/asa/files/pdfs/POL-ForensicScience.pdf (“ASA Report™);
Spiegelman & Tobin at 115. Opining that two pieces of ammunition were fired from the same
gun, for example, “requires knowledge of how common or rare the association is, based on
empirical data linked to the case at hand.” ASA Report at 2. No such probability data currently
exists, meaning the weight of FA/TM examiners’ observations is undetermined. The uncertainty
surrounding FA/TM is compounded by the lack of empirical data appropriately establishing a
realistic potential or actual rate of error. (See pp. 4-14, supra.) See also Karen Kafadar, The
Critical Role of Statistics in Demonstrating the Reliability of Expert Evidence, 46 Fordham L.

Rev. 1617, 1620 (2018) (“Scientific validity and reliability require that a method has been
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subjected to empirical testing . . . that provides valid estimates of how often the method reaches
an incorrect conclusion.” (quoting PCAST Report at 143).) Statisticians attribute the paucity of
such data to the poor design of existing FA/TM studies. (£.g., Ex. 1 at 10.)

Despite these failings, FA/TM evidence is often presented in broad—and seriously
misleading—categorical strokes: there is a definite identification (i.e., a “match”), a definite
exclusion, or the results are inconclusive. Dorfman & Valliant, Inconclusives at 1. Such
statements inherently imply certainty—or at least a very high probability—where there is none.
See ASA Report at 2; Albright at 9 (examiner statements “foster an illusion of certainty”). As
described above, there is no basis in existing data to suggest that a FA/TM examiner’s
conclusion can be made with any degree of probability or certainty: there are no established error
rates or empirical data demonstrating the relative frequencies of various characteristics observed
on spent ammunition.

While District of Columbia courts have made important strides in curtailing the false
sense of certainty portrayed when FA/TM examiners declare a ballistic “match,” this Court
should advance the interests of justice further and hold that FA/TM evidence is inadmissible
because it is unreliable. At a minimum, the Court should hold that FA/TM evidence may not be
presented in such a way that implies a statistical or probabilistic basis for a conclusion where
there is none. At most, FA/TM evidence should go no farther than what the data actually tend to
support: testimony that a particular firearm “cannot be excluded” as the source of the
ammunition in question.

A. District Of Columbia Courts Have Taken Some Steps To Limit Baseless Statistical
Conclusions In FA/TM Evidence

Given the ever-growing scientific criticism of FA/TM evidence (see Part 1, supra),

District of Columbia courts have been at the forefront of a nascent nationwide shift toward
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limiting the admissibility of FA/TM evidence. While they have yet to entirely exclude FA/TM
evidence—though this Court should—District of Columbia courts have curtailed zow FA/TM
examiners may present their conclusions to the jury.

In particular, a number of District of Columbia courts have considered the critiques of
FA/TM evidence and concluded that the sweeping categorical statements often used by FA/TM
witnesses are not supported by science. In United States v. Tibbs, 2016-CF1-19431, 2019 WL
4359486 (D.C. Super. Ct. Sept. 5, 2019), for example, after a multi-day evidentiary hearing and
hundreds of pages of briefing, expert affidavits, and other evidence, Judge Edelman held that the
government’s FA/TM examiner

may testify that based on his examination, the recovered firearm cannot be excluded

as the source of the cartridge casing found on the scene of the alleged shooting. . . .

Any statements by the expert involving more certainty regarding the relationship

between a casing and a firearm would stray into territory not presently supported
by reliable principles and methods.

Id. at *23. Among other things, Judge Edelman recognized that “threshold design issues” with
existing FA/TM studies “surely impact the validity of these studies’ conclusions and limit their
utility to some extent.” Id. at *14.

Likewise, in Williams v. United States, 210 A.3d 734 (D.C. 2019), the Court of Appeals
found that the trial court committed plain error when it allowed a FA/TM examiner’s testimony
that the ammunition in question “had all been fired from the same gun,” and “fired from” the
specific gun recovered in connection with the case. /d. at 738. The court unequivocally noted
that “the empirical foundation does not currently exist to permit these examiners to opine with
certainty that a specific bullet can be matched to a specific gun,” and that “these conclusions are
simply unreliable.” Id. at 742; see also Gardner, 140 A.3d at 1184 (“[ W]e now hold that the trial
court erred by allowing Mr. Watkins to give an unqualified opinion about the source of the bullet

that killed Mr. Kamara. We further hold that in this jurisdiction a firearms and toolmark expert
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may not give an unqualified opinion, or testify with absolute or 100% certainty, that based on
ballistics pattern comparison matching a fatal shot was fired from one firearm, to the exclusion
of all other firearms.”).

B. FA/TM Examiners Should Be Precluded From Using Ambiguous Language That
Implies Any Statistical Or Objective Basis For Their Conclusions

Without the ability to testify categorically—that a particular piece of ammunition came
from a particular firearm—the government and proponents of FA/TM techniques have continued
to advocate for FA/TM evidence and push courts to allow FA/TM testimony to go beyond the
“cannot be excluded” language in Tibbs. Recently, in United States v. Sutton, 2018 CF1 009709
(D.C. Super. Ct. May 9, 2022) (Ex. 5), the court held that the government’s FA/TM examiner
could not state “without any qualifications or limitations that the ammunition at issue was fired
from the same firearm,” but allowed the examiner to opine “that the ammunition at issue is
consistent with being fired from the same firearm.” Id. at 5 (emphasis added). This limitation is
insufficient, and this Court should take this opportunity to hold that, at most, FA/TM examiners
may opine that a firearm “cannot be excluded” as the source of the crime scene ammunition.

1. Language Other Than “Cannot Be Excluded” Inappropriately
Connotes A Statistical Basis For The FA/TM Examiners’ Conclusion

On the surface, “is consistent with being fired” from the suspect firearm may seem to
address the serious concerns with examiners’ categorical but statistically unsound statements of a
“match.” But conclusions like “consistent with” are both misleading to jurors for at least three
reasons and insufficient to prevent confusion and overemphasis by jurors of FA/TM evidence.

First, “is consistent with being fired” from the suspect firearm is inherently ambiguous:
different people may understand it differently. Some people may understand “is consistent with”
to connote that the ammunition at issue definitely came from the same source as the test

ammunition. Others may understand it to mean that the two pieces of ammunition are
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indistinguishable. Yet others may understand it to mean that the two pieces of ammunition have
some similarities—to varying extents. As the American Statistical Association noted, “[t]o
evaluate the weight of any set of observations made on questioned and control samples,” jurors
need to be able “to relate the probability of making these observations if the samples came from
the same source to the probability of making these observations if the questioned sample came
from another” potential source. ASA Report, supra, at 2. Language like “is consistent with”
gives jurors no ability to make that evaluation. In an agreement between the Federal Bureau of
Investigation, the Innocence Project and the National Association of Criminal Defense Lawyers
concerning hair comparison, the Bureau conceded that the conclusion that a hair was “consistent
with coming from” a suspect was ambiguous. See Federal Bureau of Investigation, Innocence
Project & National Association of Criminal Defense Lawyers, Microscopic Hair Comparison
Analysis Agreement (Nov. 9, 2012),

https://www.mtacdl.org/attachments/CPE/Nelson/FBI Limits_of Science %Z20Microscopic_H

air_Comparison.pdf (“FBI Hair Report”).

Second, ““is consistent with” fails to acknowledge that the conclusion is subjective and
heavily reliant on the “personal impressions” of the FA/TM examiner. Id. Even if cross-
examined and asked to justify their level of certainty, FA/TM examiners will likely cite their
years of experience and their professional judgment. But “although training and experience are
important in applying valid techniques, practitioners’ subjective opinions are not sufficient for
establishing the uncertainty in measurements or inferences.” Id. This is particularly problematic
because jurors are persuaded by, for example, clinicians who testify as “experts,” even when
their testimony is based solely on personal experience and has no support by reliable scientific

studies. See Daniel A. Krauss & Bruce D. Sales, The Effects of Clinical and Scientific Expert
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Testimony in Capital Sentencing, 7 Psych., Pub. Pol’y & Law 267, 272 (2001). This is because
jurors generally presume that “scientific” evidence presented to them via “expert” testimony has
been thoroughly vetted and screened by the court before its presentation. See N.J. Schweitzer &
Michael J. Saks, The Gatekeeper Effect: The Impact of Judges’ Admissibility Decisions on the
Persuasiveness of Expert Testimony, 15 Psych., Pub. Pol’y & Law 1, 4 (2009).

Third, conclusions like “is consistent with”” connote a statistical basis for the conclusion.
The phrase “is consistent with” inherently suggests that the FA/TM examiner has an
understanding of how common certain markings are, how rare other markings are, etc.: he or she
could not render such an opinion and make such a comparison without information about the
relative frequencies of the characteristics at issue. No such relative frequency data has been
established for FA/TM evidence; compounding this problem, examiners often lack a sufficient
understanding of statistics, statistical models, and the statistical issues inherent in the evaluation
of forensic evidence. Kafadar at 1634-35.

2. Language Going Beyond “Cannot Be Excluded” Is Confusing To

Juries And Does Not Sufficiently Protect Against The Overstatement
Of The Probative Value Of FA/TM Evidence

A recent study highlights the power FA/TM conclusions connoting a degree of statistical
certainty, i.e., anything other than “cannot be excluded,” is confusing to jurors and fails to
adequately protect against the overstatement of the probative value of FA/TM evidence.

Mock jurors presented with seven different potential conclusions by a FA/TM examiner,
including one incorporating the “is consistent with” language espoused in Sutfon and one that is
merely inconclusive, were significantly more likely to convict on the basis of the FA/TM
evidence alone under any one of the six non-inconclusive conclusions than under the
inconclusive conclusions. Brandon L. Garrett, Nicholas Scurich & William E. Crozier, Mock

Jurors’ Evaluation of Firearm Examiner Testimony, 44 Law & Hum. Behav. 412, 415-16
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(2020). Similarly, participants were also significantly more likely to convict under any of the
conclusions (other than inconclusive) than under the 7ibbs “cannot be excluded” condition. /d.
at 416. Notably, when presented with the conclusion that ammunition “is consistent with”
coming from a particular firearm, participants were 1.8 times more likely to convict than when
presented with the conclusion that the firearm “cannot be excluded” as the source of the
ammunition. /d. There was little practical change in results when participants were shown
cross-examination of the FA/TM examiner. Id. at 419-22; see also Lora M. Levett & Margaret
Bull Kovera, The Effectiveness of Opposing Expert Witnesses for Educating Jurors about
Unreliable Expert Evidence, 32 Law & Hum. Behav. 363 (2008) (even when cross-examination
is well-constructed and exposes considerable flaws, it has little to no effect on juries).

At bottom, other than 7ibbs’ “cannot be excluded” language, “adopting types of modified
conclusion language . . . did not affect guilty verdicts [and] many judicial and prosecution-driven
interventions to limit conclusion language for firearms testimony are not likely to be effective.”
Garrett, Scurich & Crozier at 422.

Indeed, because of the problems with language like “is consistent with” and other phrases
tested in the above-referenced study, the FBI has conceded in another pattern-matching forensic
discipline lacking in empirical studies, hair comparison, that the only “appropriate” conclusion
by hair examiners concerning an association between known and questioned hair is “that a
contributor of a known sample could be included in a pool of people of unknown size, as a
possible source of the hair evidence (without in any way giving probabilities, as an opinion to
the likelihood or rareness of the positive association, or the size of the class).” FBI Hair Report

at 1 (emphasis added).
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3. FA/TM Examiners, If Permitted To Testify, Should Not Be Permitted
To Connote A Statistical Basis For Their Conclusions And Should
Expressly Acknowledge No Such Basis Exists

The American Statistical Association recommends that where possible, forensic
witnesses in comparative disciplines couching their conclusions with some level of statistical
certainty—or implying such certainty—should include in their testimony explanations of the
features compared, the process used to determine the level of similarity/dissimilarity, relative
frequencies of the features compared, relative frequencies of combinations of features compared,
quantitative statements of confidence, and the sensitivity of the methodology. See ASA Report
at 4-5. Such information has not been developed at all with respect to FA/TM evidence, and
such important contextual information thus cannot be presented to juries. (See Part I, supra.) Cf.
ASA Report at 5 (“Currently, not all forensic disciplines can support statistical statements.”).
Accordingly, the American Statistical Association recommends that “the absence of models and
empirical evidence be acknowledged both in testimony and in written reports” by FA/TM
examiners when presenting their conclusions. /d. (emphasis added). The American Statistical
Association also recommends, if the examiner “has no information on sources of error in
measurements and inferences, or has no validation data” (as is the case with FA/TM), “that this
fact be stated.” Id. at 4.

If FA/TM examiners are permitted to make statements connoting a statistical basis like
“is consistent with” —which this Court should not permit them to do—they should first be
required to present information that “permits a valid statistical statement regarding the probative
value of comparisons or computations (e.g., how rare is an observed positive association when
two items arise from the same source and when they arise from different sources?).” ASA
Report, supra, at 3. This information includes: “(1) a defined relevant database describing

characteristics, images, observed data, or experimental results; (2) a statistical model that
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describes the process that gives rise to the data; and (3) information on variability and errors in
measurements or in statistics or inferences derived from measurements.” Id.

If, therefore, the Court were inclined to follow the holding in Sutton and permit the
government’s FA/TM examiner to opine that the ammunition at issue in this case is “consistent
with” the suspect firearm, the Court should, consistent with the American Statistical
Association’s recommendations above, require such testimony to be accompanied by statements
acknowledging that the examiner has no statistical basis to do so because of the limitations of
FA/TM evidence.

CONCLUSION

For the foregoing reasons, amici respectfully urge the Court to exclude firearms
identification testimony because it lacks scientific validation and is inherently unreliable. Ata
minimum, the Court should follow the holding in 7ibbs, limiting any such firearms identification

testimony to the opinion that a suspect firearm cannot be excluded as the source of ammunition.
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1 Qualifications

1.1 Alicia Carriquiry

I, Alicia Carriquiry, hold a Bachelor of Science in Agricultural Engineering from the Universidad de la
Republica del Uruguay, a Master of Science in Animal Genetics from the University of Illinois at Urbana-
Champaign, a Master of Science in Statistics from Iowa State University, and a PhD in Statistics and Animal
Science from Iowa State University.

I am a Distinguished Professor of Liberal Arts and Sciences at Iowa State University, which is the highest
rank that a professor can achieve. I am also the inaugural President’s Chair in Statistics. Between 2000
and 2004, T was Associate Provost at Towa State University, and was Director of Graduate Studies in the
Department of Statistics at Iowa State University between 2004 and 2014.

Since 2015, I have been the Director of the Center for Statistics and Applications in Forensic Evidence
(CSAFE), a National Institute of Standards and Technology (NIST) Center of Excellence. The Center is a
consortium of universities that includes the University of California Irvine, Carnegie Mellon University, the
University of Virginia, Duke University, the West Virginia University, lowa State University, the University
of Nebraska Lincoln, the University of Pennsylvania, and Swarthmore College.

I am the only statistician in the history of Iowa State University to be elected to the National Academies.
I became a member of the National Academy of Medicine in 2016 thanks to my applied work in statistics,
that includes the design and analysis of studies and surveys. I am a member of the Advisory Board for the
Division of Behavioral and Social Sciences and Education (DBASSE), of the Report Review Committee, and
of the Committee on Applied and Theoretical Statistics at the National Academies of Science, Engineering
and Medicine. T am also a member of the Intelligence Science and Technology Experts Group (ISTEG), a
group of members of the National Academies that is available to the US intelligence agencies when questions
about science and technology arise.

I was elected Fellow of the American Association for the Advancement of Science (AAAS) in 2016, and an
Associate Member of the American Academy of Forensic Science (AAFS) in 2019. Since 2018, I have been a
Technical Advisor for the Association of Firearms and Toolmark Examiners (AFTE). T am an elected Fellow
of almost all major professional statistical organizations: the American Statistical Association, the Institute
of Mathematical Statistics, the International Statistical Institute, and the International Society for Bayesian
Analysis.

I have published over 140 peer-reviewed manuscripts in the scientific literature and have co-edited several
books. I have directed the doctoral research work of 20 students in statistics and related areas, and have
been invited to speak at national and international conferences, and at other venues hundreds of times. I
have received competitive research funds from the National Science Foundation, the National Institutes of
Health, the National Institute of Standards and Technology, the Office of Naval Research, the United States
Department of Agriculture, the Federal Bureau of Investigations, and several other federal, state, and private
organizations, totaling well over $50M during my professional career.

1.2 Heike Hofmann

I, Heike Hofmann, am a tenured full professor in Statistics at Iowa State University and the professor in charge
of the data science program. I have been a faculty member of the Center for Statistics and Applications in
Forensic Evidence (CSAFE) since 2015. CSAFE is supported by a cooperative agreement with the National
Institute of Standards and Technology (NIST). In my role as CSAFE faculty I have been a key contributor for
the work that received the ASA SPAIG (Statistical Partnerships Among Academe, Industry & Government)
award in 2018.

I am an elected member of the International Statistical Institute and an elected fellow of the American
Statistical Association (ASA). I have been named a Technical Advisor to the Association of Firearms and
Toolmark Examiners. I serve as a member of the ASA committee on forensic statistics.

I have published extensively in peer reviewed, scientific journals. My publications cover several areas including
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computationally intensive methodology for automatic matching of pattern and image evidence, error rate
analyses and development of open-source software for reproducible, accessible comparison of firearm evidence.
I maintain the bulletxtrctr and x3ptools R packages, which have been released to the community to
facilitate analysis of bullets and 3D scans respectively.

1.3 Kori Khan

I, Kori Khan, hold a Bachelor of Science in Public Health in Biostatistics from the Gillings School of Global
Public Health at the University of North Carolina at Chapel Hill, a Juris Doctorate from the Moritz College
of Law School at the Ohio State University, a Masters of Science in Statistics from the Ohio State University,
and a Ph.D in Statistics from the Ohio State University.

I am an Assistant Professor in Statistics at Iowa State University. My areas of expertise include the analysis of
dependent data, which can include repeated observations of individuals in experiments. I frequently serve as a
referee for the top journals of statistics and applied statistics, including the American Statistics Associations’
flagship journal.

I have in the past and continue to provide consultations regarding the design and analysis of complex
data collection efforts and experimental design for studies focused on human subjects for researchers at
organizations including the Moritz College of Law at the Ohio State University, Weill Cornell Medicine, and
the Institute for Population Research at the Ohio State University.

I currently serve as sub-committee member on the Organization of Scientific Area Committees (OSAC) for
Forensic Science Forensic Nursing and the Statistics Task Group. I have, in the past, served as a member of
a Scientific & Technical Review Panel for the same organization.

I have personally reviewed the experimental designs, reporting of the obtained data, and statistical method-
ologies of the 10 studies referenced in Appendix B.

1.4 Susan Vanderplas

I, Susan Vanderplas, hold a Bachelor of Science in Applied Mathematical Sciences and Psychology from Texas
A&M University, a Masters of Science in Statistics from Iowa State University, and a Ph.D. in Statistics from
Towa State University.

I am an Assistant Professor in Statistics at University of Nebraska Lincoln. My areas of expertise include
data visualization, perception, and communication of statistical information, as well as machine learning
algorithms for statistical analysis of forensic pattern evidence, including firearms and footwear.

Between 2018 and 2020 I served as a research assistant professor at the Center for Statistics and Applications
in Forensics (CSAFE) at Iowa State University — CSAFE is a collaboration among several university scholars
conducting research on how to collect more accurate forensic evidence and more reliably convey that forensic
evidence in court. CSAFE is supported by a cooperative agreement with the National Institute of Standards
and Technology (NIST)—a federal agency whose mission is to advance measurement science, standards, and
technology.

I am the author or co-author of more than a dozen peer-reviewed scientific papers. Publications most relevant
here are published in the Handbook of Forensic Science, Law, Probability and Risk, and Forensic Science
International. These papers cover machine learning methods for automatic matching of forensic pattern
evidence, error rates in forensic studies, and the treatment of inconclusive results in firearm studies. In
addition to my own publications, I have served or been asked to serve as a reviewer for Forensic Science
International, the Harvard Data Science Review, Forensic Sciences Research, The American Statistician,
Journal of the American Statistical Association, Science & Justice, and the Journal of Computational and
Graphical Statistics. I also serve on the editorial board of the R Journal and the Journal of Computational
and Graphical Statistics.

I am the primary investigator (PI) of a research and development grant on the acquisition and identification
of footwear class characteristics funded by the National Institute of Justice. I am also PI on the CSAFE
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sub-award at UNL, which covers research in firearms, footwear, and human factors. I am also a co-PI on
grants from the National Science Foundation and the United States Department of Agriculture.

2 Introduction - Firearm and Toolmark Error Rates

There are an impressive array of existing studies of the “validity” of firearms and toolmark comparisons
[Keisler, M. A., Hartman, S., and Kil, A. (2018); Lightstone (2010); Riva et al. (2017); Bunch and Murphy
(2003); Brian Mayland and Tucker (2012); Duez et al. (2018); Pauw-Vugts et al. (2013); Neel and Wells
(2007); Hamby et al. (2019); Gouwe, Hamby, and Norris (2008); Giroux (2009); Stroman (2014); Lyons
(2009); Mattijssen et al. (2020); Smith, Smith, and Snipes (2016)] across different firearms, ammunition types,
types of marks made, and even across different countries with different protocols for training and firearms
and toolmark examination. As statisticians, however, we have significant qualms with the state of error rate
studies in firearms and toolmark examination. Many studies are poorly designed, with problems ranging
from a complete inability to characterize the full error rate (Hamby et al. 2019; Gouwe, Hamby, and Norris
2008; Giroux 2009; Thomas G. Fadul, Jr et al. 2013; Lyons 2009) to the acknowledged inability of examiners
to follow the instructions set out by the researchers (Baldwin et al. 2014). Furthermore, all of the studies
we are aware of which are applicable to the state of firearms and toolmark examination as practiced in the
United States at this time suffer from sampling and non-response bias that renders them unreliable for the
purposes of establishing the science of firearms and toolmark examination as a reliable discipline.

Here, we will lay out some of the fundamental problems with the state of firearms and toolmark examination
error rate studies. We approach these problems both as statisticians who have experience in the design of
scientific experiments and as researchers in statistical applications to forensic evidence. We have worked
extensively with forensic examiners, metrologists, and other subject-matter experts, and we have an un-
derstanding of both the process of firearms and toolmark examination and the statistical underpinnings of
estimation of error rates. Before we begin assessing the current state of error rate studies, however, it is
useful to establish the characteristics necessary to have a reliable study.

3 Study Design

A statistical estimate is only as reliable as the data used to generate that estimate. In the case of black-box
studies, this data originates from the examiners who participate in the study. In order for statistical estimates
to be unbiased, the participants selected from the population to participate in the study (the sample) must
be representative. The best way to ensure that a sample is representative is to randomly select this set of
participants from the population.

Practically speaking, it is relatively rare that all participants selected for a study complete the study. Scientific
ethics requires that research using human participants be undertaken with the participants’ consent, and that
consent can be withdrawn at any time. As a result, it is common for studies to have some level of drop-out
rate. In these situations, the risk to the statistical validity of the study is that participants who drop out of
the study vary systematically relative to those who remain in the study. One general guideline is that if less
than 5% of the participants drop out, there is little threat to the statistical validity of the study, but if more
than 20% of the participants drop out, the study’s validity is severely compromised (Schulz and Grimes 2002).
It is extremely important that when reporting study results, authors clearly state the level of participant
drop out and assess whether there is any evidence of bias in the participants who remain relative to the
participants who dropped out.

Another important factor in study design is that studies should be designed in such a way as to directly
evaluate the desired conclusions and/or produce the desired numerical estimates. If a study is intended to
assess the false positive error rate of firearms and toolmark evaluation, then examiners need to have the
opportunity to make a false positive error. While this seems straightforward, many common firearms and
toolmark black-box study designs do not allow for estimation of the number of different-source comparisons,
which ensures that it is not possible to calculate the overall error rate, the correct decision rate, or the true
negative rate (the specificity). This problem is detailed at length in Hofmann, Vanderplas, and Carriquiry
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(2021) as well as in President’s Council of Advisors on Science and Technology (2016) and National Research
Council (U.S.) (2009). A well designed black-box study should have a defined number of pairwise comparisons,
where each comparison is completed by the examiner with no possibility of eliminating comparisons based on
the structure of the test set. In practice, this means that black-box studies should be open set studies (no
guarantee that an unknown item matches any provided knowns in the set) and should involve the comparison
of one standard (known sample) and one or more unknown samples at a time.

Executing a well-designed study is not an easy task, but it is important that during the study experimenters
not provide participants with additional information. This means that experimenters must take care to
provide different examiners with test samples which are not shared between examiners in the same lab, and
which may have different numbers of same-source and different-source samples. This prevents information
from “leaking” from examiner to examiner within a relatively small community. In addition, experimenters
should observe strict protocols when communicating with participants to avoid sharing information about
the task beyond what is specified in the instructions.

Finally, it is important that experimenters provide the community with all relevant information when reporting
study results. It is difficult (and sometimes, impossible) to reconstruct the full set of aggregated answers
when the only data reported in a study is the error rate. Experimenters should provide data at the individual
level if it is possible to do so without identifying participants, and if this is not possible, data should be
provided at the lowest level of aggregation which maintains participant anonymity.

4 Participant Sampling Problems

One of the primary concerns with error rates provided by “well-designed” studies is that even well designed,
well-executed studies cannot compensate for sampling bias in the participant pool. That is, no matter how
well the experiment is laid out, if the participants are not a representative sample from the population (in
this case, all qualified firearms examiners in the United States), the results of the study do not generalize to
that population. This principle is taught in even basic undergraduate statistics courses; it is fundamental
to our discipline. One of the easiest ways to ensure that a sample is representative is to randomly select
participants from the population; a more labor-intensive option is to conduct a full census of the population
at a certain time.

Fundamentally, because almost all current black-box studies use volunteers, we can conclusively state that the
participants in these studies are likely to meaningfully differ from those who did not volunteer to participate.
Some of these differences are likely not related to the error rates estimated by the studies, but there are
many potential lurking covariates that would meaningfully affect the error rates estimated by the studies. For
instance, it is possible that experienced examiners are more likely to volunteer to participate in these studies
out of a sense of duty to the discipline: these examiners might have lower error rates due to their experience,
which would lead to an estimated error rate that is lower than the error rate of the general population of all
firearms examiners (including those who are inexperienced). In fact, in studies which differentiate between
trainee and qualified examiners, we find a higher error rate among trainees(Duez et al. 2018).

Not all potential biases are this direct: it is possible that examiners who have time to volunteer to participate
in studies would tend to have lower case loads. Thus, these examiners would be over-represented in the
study-wide estimate of the error rate, in that they account for fewer cases than the examiners who do not
have time to participate in a voluntary study. Thus, the estimated error rate from the study would not
be representative of the error rate of all examiners. There are many variables which might be expected to
increase likelihood of volunteering for a study and also change the expected error rate: education, experience,
confidence, amount of time available for study participation.

An additional source of participant recruitment bias is that many studies recruit via the AFTE membership
forums (Thomas G. Fadul, Jr et al. 2013; Keisler, M. A., Hartman, S., and Kil, A. 2018; Chumbley et al.
2021), which lead to an over-representation of AFTE members and certified examiners (and in particular,
those who spend time on the membership boards). There is not a list of examiners who are allowed to testify
in court which could be used for sampling for such a study, but we might expect that people who are active
in AFTE are more invested in the discipline, may have more training, and may thus have a lower error rate.

4 Participant Sampling Problems )



Without a random sample of all qualified examiners, there is no way to generalize the results of a biased
sample to the whole population; any study only speaks for the error rate of the participants of that study.
Random selection of participants mitigates these potential biases by ensuring that any differences in the
sample of selected participants are the product of random assortment - while any single experiment might
have a random sample of participants who are not fully representative of the population, each experiment’s
different samples will produce overall unbiased results. This is why it is not only important that study
participants be randomly sampled from the population, but also that there are multiple studies.

Unfortunately, sampling bias is one of the hardest biases to work around. Because we cannot determine how
the volunteer examiners might differ from the whole population of examiners, we cannot say that it is likely
that the error rate is higher or lower than what is reported from the flawed studies. While in some areas it
is necessary to work with volunteer populations (for instance, clinical trials take place on volunteers), this
requires that statisticians can reasonably expect that there are no differences between the volunteer and
non-volunteer populations, which is a claim that is more easily made in medicine than in forensics.

This bias affects all studies conducted in the United States to date. Currently, there is no way to randomly
sample all qualified examiners and compel them to participate. This problem is less pervasive in Europe,
where lab certification and validation studies are conducted to assess this type of error rate and certification
is conditioned upon participation.

5 Material Sampling Problems

As scientists, we want to derive knowledge that is generalizable to the population. The population includes
all decisions made from a combination of one or more firearms of interest, and the ammunition that interacts
with those firearms. This combination of characteristics is then evaluated by an examiner. We have previously
addressed the fact that we need a random sample of examiners in order to generalize to the whole population
of firearms examiners. However, we also need a representative set of ammunition/firearm combinations used
in black-box studies in order to validate the discipline as a whole.

Many black-box studies are performed on a single type of firearm and a single type of ammunition. In some
cases, these firearms are consecutively manufactured, which allows firearms examiners to prove that they
can distinguish individual firearms on the basis of fine details, even when these firearms are manufactured
closely in time. However, this does reduce the generalizability of the conclusions from these small studies: by
examining only firearms of the same make and model manufactured closely in time, we lose the ability to
make broad, sweeping claims about the discipline as a whole. In some cases, studies explicitly document that
small manufacturing companies with limited operations (and thus generalizability to the wider population)
were selected because it was more convenient to obtain consecutively manufactured components (Lyons 2009).

We need black box studies that examine large numbers of firearms as well as those that examine minute
differences. We are not currently aware of any study of a large number of firearms of even one specific
model, though we are aware of some data which has been collected but not published examining 600 Berettas
confiscated by the LAPD. We cannot generalize error rates from small consecutively manufactured firearm
studies to the entire population of firearms examinations, and as a result, we do not know how to assess the
error rate of the discipline as a whole on the basis of these studies.

Researchers are well aware of these limitations and typically characterize their findings in a much more limited
fashion than some professional expert witnesses. Riva et al. (2017) suggest their study is limited in scope and
conclusions: “Finally, even if the results obtained in this study illustrate the impact of subclass characteristics
for a given make and model of firearm, they cannot be easily transposed to all firearms at this stage. We
remain conscious of the limitation of the sample used here. It is known that the quality and the quantity of
these features will vary as a function of the type of firearms and the manufacturing process.” This makes it

1In medicine, it is reasonable to think that someone’s willingness to participate in research is not related to their biological
response to cancer treatment, as one is psychological and the other is physiological. Forensic examiners, on the other hand, are
trained as scientists - the effectiveness of their training is related to their willingness to participate in the scientific process, and
they have a stake in the outcome of the experiment in that if the experiment shows that toolmark examination is not reliable,
they are out of a job.
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extremely difficult for researchers to provide a general estimate of the error rate of firearms and toolmark
comparisons, as the discipline is so broad and the data under examination are affected by so many different
factors: type of tool or firearm, ammunition, manufacturing process, material interactions, and so on.

We know that not all firearms and ammunition mark equally well - Glocks are renown for being difficult to
compare bullets, but for having easy cartridge comparisons. In addition, some ammunition marks better
than other ammunition. While it is possible to characterize the error rates of certain studies (subject to the
sampling and non-response biases noted earlier), studies are generally conducted with well-marking tools or
firearms. Baldwin et al. (2014) did not examine the samples for issues before sending them to examiners
for evaluation; due to the design of the study the researchers estimated that 2-3% of known samples were
judged to be inappropriate for comparison due to not marking well. If studies are done on ammunition that
is generally known to mark well, then we should expect that this non-marking issue is more likely to show up
in casework than in studies - that is, currently existing studies are not representative, and error rates from
these studies may not generalize well to firearms and ammunition with different properties.

6 Missing Data and Non-response Bias

In addition to the fundamental problems with volunteer-only participation in black-box studies, there are
additional statistical issues which plague most black-box studies: even participants who volunteer for the
study may not return the full set of answers (or any answers). That is, most studies have a drop-out rate
where participants who initially volunteered for the study did not complete the full study. In statistics, this
sort of missing data is more problematic if it is “missing not-at-random” - that is, if the participants who do
not return full sets of answers are systematically different from those who do return full sets of answers. Some
studies deal with this issue in ways that would not be considered statistically valid: Lyons (2009) contacted
someone who returned an incomplete answer sheet to prompt them to complete the questions and provide
more satisfactory answers. In other studies, such as Chumbley et al. (2021), the issue is acknowledged but
not mitigated or even assessed for its’ impact on the error rate estimates reported?.

An example of a situation in which non response or missing not-at-random bias is common is in telephone
surveys. We know that people who are more likely to answer a phone call from an unknown number are
different from those who do not answer phone calls from unknown numbers; we also know that those people
who continue on the phone call to answer all of the poll questions are more likely to be engaged in their
communities and have a higher sense of civic responsibility. These biases can sometimes be corrected for
statistically when they are a well-studied quantity (as in political polling), but even the models which allow for
pollsters to adjust their estimates to account for these biases are sometimes wrong, leading to systematically
biased polls. The same set of problems arise when we ignore non-response bias or missing-not-at-random data
in black-box studies, but we do not have sufficient data to adjust the estimates based on the issues, because
black-box studies in forensics are not nearly as well studied as political polling. The scientific community also
do not have the ability to start studying these issues because the authors of black box studies almost never
make the data publicly available. This last point is particularly concerning given that the broader scientific
community recognizes that publicly available data is necessary to ensure studies are reaching valid statistical
conclusions (Wicherts, Bakker, and Molenaar (2011),Stodden (2015))

What is concerning is that most studies do not even indicate levels of non-response bias. This issue is seldom
mentioned when describing the conduct of the study, so there is no way for us to assess the magnitude of the
problem given the current conventions for reporting non-response bias. One option to bound the problem
is to estimate the error rate with an assumed drop-out rate in order to determine just how bad the issue
would be if the participants who dropped out had completely incorrect responses. Note that this requires
two assumptions: one, that the drop out rate is a certain percentage - in this case, 20%, and two, that
the participants who dropped out would have been completely wrong on every comparison. Keisler, M. A.,
Hartman, S., and Kil, A. (2018) has one of the lowest error rates and highest number of comparisons of any
study reported (2520 comparisons, 0% error counting inconclusives as correct). With a 20% non-response

2«Slightly more cartridge case (10,110) than bullet (10,020) comparison are reported because some examiners returned
partially-completed test packets that had results for all the cartridge case sets but not all the bullet sets.” (Chumbley et al.
(2021), page 8)
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rate (which is conservative relative to rates reported in the literature), the overall error rate in the population
(counting inconclusives as correct) could be as high as 16.56% if all non-responses made completely incorrect
decisions. While this is unlikely, it does provide an upper bound of the order of magnitude of the possible
bias that participant drop-out might have on estimated error rates.

This missing data may occur at the participant level (drop out bias) or at the question level (item non-response
bias), but the likely reasons for non response in either form include insufficient time to commit to completing
the study or finding the study more difficult than expected and not wanting to return the wrong answers. In
either case, this is a potential source of bias for the estimated error rates - if the individual is not sure of the
answers or does not have enough time to dedicate to the study, it is likely that estimated error rates with
complete data would be higher than estimated error rates with incomplete data. That is, given what we
know about why people drop out of black-box studies, we would expect that studies with non response bias
under-estimate the error rate.

7 Types of Marks and Study Difficulty

It is common to talk of error rates for firearms and toolmark examination as a whole. While it is certainly
true that there are some similarities across different comparison types (toolmarks and land-engraved areas
both involve comparisons of striae), there are many different types of marks used for firearms and toolmark
examination, and it would not be reasonable to assume they all have the same error rates. For example,
striations on land engraved areas usually involve comparison of a number of different lands, most of which
must match for the overall comparison to be deemed an identification - there is some redundancy in this
comparison, whereas the comparison of a single scrape from a screwdriver involves only one set of striae.
Even though the two comparisons are objectively similar in that the examiner is visually comparing striae,
we would not expect them to have similar error rates because there is an internal check on incidental matches
when bullets are compared that does not exist with screwdriver engraving comparisons.

Expert witnesses® have previously testified about high error rates in a closed-set study [Brian Mayland and
Tucker (2012)] and low error rates in an open-set study (Keisler, M. A., Hartman, S., and Kil, A. 2018).
What is particularly remarkable about this portion of the testimony is that Brian Mayland and Tucker (2012)
examined obturation marks, while Keisler, M. A., Hartman, S., and Kil, A. (2018) examined breech face
impressions. These two types of marks are entirely different in character, and thus the error rates should never
be directly compared. Of the studies we have cited on firearms and toolmark examination, some examine
bullet striae (Hamby et al. 2019; Pauw-Vugts et al. 2013), extractors (Lyons 2009), cartridge cases (Baldwin
et al. 2014; Chapnick et al. 2021; Pauw-Vugts et al. 2013; Bunch and Murphy 2003; Duez et al. 2018; Keisler,
M. A., Hartman, S., and Kil, A. 2018), aperture marks (Mattijssen et al. 2020), obturation marks (Brian
Mayland and Tucker 2012), and tool marks (Giroux 2009). It is not reasonable to assume that the error rates
in these different disciplines (with different amounts of information available to the examiners) would be
similar; after all, studies which provide examiners with the full cartridge case instead of a sub-region of the
case (such as the aperture shear or obturation marks) give examiners more information on which to make a
decision, which should lower the error rate significantly.

Before we make direct comparisons between error rates in studies, we should also consider other factors
beyond the type of comparison made which might make a difference in the reported error rate. Some open
set studies include comparisons from marks with similar class characteristics as knowns in the set (Mattijssen
et al. 2020; Pauw-Vugts et al. 2013), while others include comparisons with items that do not share class
characteristics (this allows for examiners to eliminate based only on class characteristics, as some labs do not
allow for elimination based only on individual characteristics) (Bunch and Murphy 2003). Thus, the level
of difficulty of comparisons varies considerably between studies. In addition, the proportion of same source
comparisons and different source comparisons varies considerably between studies: Baldwin et al. (2014) has
about 1/3 same-source comparisons and 2/3 different-source comparisons, while Duez et al. (2018) has 3/4
same-source comparisons and 1/4 different-source comparisons. Obviously, the proportion of same-source and
different-source comparisons may influence the precision with which any study can estimate certain error

3Todd Weller, California v Auimatagi, February 2021
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rates.

The difficulty level across different studies is not necessarily comparable: in studies of European examiners,
the goal is typically to differentiate different labs and procedures in skill and effectiveness, so the evaluations
may be more difficult in order to separate good examiners and labs from those who are uniquely skilled; in
these studies (Pauw-Vugts et al. 2013; Mattijssen et al. 2020), comparisons are typically harder and error
rates much higher than in studies conducted in the US, where the study goal is typically to validate the
process of firearms and toolmark evaluation.

8 Inconclusives

In fact, the firearms examination community is very aware of the fact that sometimes samples are difficult to
match to each other. This issue is so pervasive that the AFTE theory of identification allows for a middle
category between identification and elimination: inconclusive. Actually, more accurately, the AFTE theory
of identification allows for 3 different levels of inconclusive on the continuum between identification and
elimination. Under the AFTE theory of identification, all of the hard decisions are automatically correct
because firearms and toolmark examiners don’t have to make a decision between elimination and identification.
The treatment of inconclusives under the AFTE theory of identification is controversial and has recently
seen significant scrutiny from the scientific community (Dror and Scurich 2020; Dror and Langenburg 2019;
Biedermann et al. 2019)%.

Scientifically, an inconclusive result has to be automatically incorrect: a comparison is either from a same-
source or a different-source. AFTE rules allow inconclusives to be counted as both identifications and
eliminations, and therefore artificially decrease error rates. If we focus on a correct source decisions only, the
percentage of correct decisions can be as low as 49%, leaving at least 51% of the decisions as errors (correct
source identification rate taken from bullet comparisons in Pauw-Vugts et al. (2013)). This is statistically
worse than random chance - that is, examiners would perform about as well if they were flipping a coin to
make the decision!

Furthermore, when we examine which comparisons are more likely to result in an inconclusive decision, we find
that the overwhelming majority of inconclusive decisions in black-box studies were made on different-source
comparisons. This suggests that examiners are more willing to make an identification, and less willing to
make an elimination when there is some doubt about the strength of the match. Black box studies conducted
outside of the US legal system and forensic training system suggest that this bias is not as strong: Mattijssen
et al. (2020), which was conducted on primarily European and UK examiners, did not reveal nearly as
strong of a bias towards inconclusive decisions for different-source comparisons (though the scales used differ
by jurisdiction). This bias is only obvious when we look at the positive and negative predictive values, as
discussed in Hofmann, Vanderplas, and Carriquiry (2021).

The bias towards identification at the expense of elimination is in some cases encoded within the lab evaluation
rules. In some laboratories, including at the FBI, examiners are not allowed to make an elimination based on
individual characteristics. This is one reason why studies involving the FBI firearms lab often do not report
sensitivity, specificity, or the correct source decision rate directly: when inconclusives are considered, the
correct source decision rate looks abysmal: 52.22% in Bunch and Murphy (2003) and 37.5% in Giroux (2009).

9 Summary

We have outlined several problems with the state of error rate studies on firearm and toolmark examination.
Fundamentally, we do not know what the error rate is for these types of comparisons. This is a failure of the
scientific study of toolmarks, rather than the examiners themselves, but until this is corrected with multiple
studies that meet the criteria described in Section 3, we cannot support the use of this evidence in criminal
proceedings.

4CTS used to treat inconclusives as errors, but in 1998 changed to treating inconclusives as correct decisions. The error
rates dropped from 12% (firearms) and 26% (toolmarks) to approximately 1.4% and 4% respectively. UNITED STATES OF
AMERICA, v. Joseph MINERD, Defendant., 2002 WL 32995663 (W.D.Pa.)
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If inconclusives are errors, even if these errors are not necessarily attributable to the examiners’ skill level,
then examiners make the correct decision in black-box tests of screwdriver and bullet evaluations at rates that
are worse than if they used coin flips to determine their answers (37.5% and 49.68%, respectively). Correct
source decision rates for many studies mentioned in this assessment are provided in Appendix A. Even if
inconclusives are considered correct decisions, as recommended by the Association of Firearms and Toolmark
Examiners, however, there are still other problems with this evidence.

The error rates on different types of toolmarks are substantially different, and there are not multiple studies
that even allow the estimation of the necessary error and accuracy rates (false positive rate, false negative
rate, and correct source decision rate) for most types of evidence. Multiple studies are necessary because
any set of participants and required comparisons may be non-representative in some way. Science thrives on
replication of studies in slightly different conditions over a period of time; firearms and toolmark examination
is no exception. In only one discipline (cartridge case evaluation) are there more than two studies which
are designed in such a way that the full set of error rates are estimable. In these studies, overall error rates
(counting inconclusives as correct decisions) are between 0% and 8.21%. While these error rates are relatively
low, the studies these error rates are based on still have fundamental flaws that suggest that the true error
rates in casework may be significantly higher.

One of the major issues with the studies that do exist is that they are plagued by non-response bias. In
many disciplines, non-response biases of greater than 20% are sufficient to invalidate study results, and rates
greater than 5% are sufficient cause for concern. Most studies in this discipline do not report non-response
rates. Few studies report sufficient details to begin to estimate the non-response rates, as seen for the studies
reviewed in Appendix B. For these studies, where sufficient details were reported, drop-out rates are up to
35% and item non-response are up to 17%. That most studies do not report drop-out rates is statistical
malpractice; failure to report or address this information when reported is particularly egregious in studies
that have practicing statisticians as authors. While it is theoretically possible that examiners who drop out
of studies or leave missing items are similar to examiners who complete the studies (leading to an unchanged
error rate), it is significantly more likely that if these examiners had completed the study, the error rate
would have been higher. In the worst case scenario, the actual error rate could be as high as the sum of the
dropout rate and the reported error rate. We stress again that there is no possibility of assessing the true
impact of non-response bias in these studies when the authors do not make their data available to other
researchers: as was the case in every study reviewed in Appendix A.

Even when non-response bias is ignored, there are further issues with the state of error rate studies in
firearm and toolmark examination: studies do not cover a wide enough range of firearms and ammunition to
generalize to the discipline as a whole. We know that not all firearm and ammunition combinations mark
equally well, but studies are conducted using firearms and ammunition that are known to mark. As a result,
there is a potential difference between the firearms and ammunition used in studies and those evaluated as
part of casework that impacts our ability to generalize error rates from studies to a specific combination of
ammunition and firearm in a particular case. Similarly, the firearms examiners who participate in studies
are likely to be fundamentally different from the full population of firearms examiners. This, too, means
that we cannot generalize error rates from studies conducted on volunteers the entire set of qualified firearms
examiners. What we can say with confidence is that the sampling issues with firearms examination studies are
problematic and cast doubt on the ability to generalize error rates from these studies to the wider population
of all examiners.

As a result of these compounding issues, it is our opinion as statisticians and researchers in forensic science
that error rates established from studies with sampling flaws, methodological flaws, non-response and attrition
bias, and inconclusive results are not sufficiently sound to be used in criminal proceedings.
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A Table of Reported Correct Source Decision Rates

Some Abbreviations:

e SS: Same Source comparisons
e DS: Different Source comparisons
e LEA: Land Engraved Area

Table 1: Correct source decision rates for many commonly-cited
studies, along with number of evaluations and type of mark evalu-
ated in the study.

Type of Mark

Study

# Evaluations

Correct Source Decision Rate

Obturation

Extractor
Aperture Shear
Screwdriver
Bullet LEA
Bullet LEA
Bullet LEA

Cartridge Cases
Cartridge Cases
Cartridge Cases
Cartridge Cases
Cartridge Cases
Cartridge Cases

Cartridge Cases

Cartridge Cases

Brian Mayland and Tucker

(2012)
Lyons (2009)

Mattijssen et al. (2020)

Giroux (2009)

Hamby et al. (2019)
Pauw-Vugts et al. (2013)
Smith, Smith, and Snipes

(2016)
Stroman (2014)

Bunch and Murphy (2003)
Pauw-Vugts et al. (2013)
Chapnick et al. (2021)
Baldwin et al. (2014)
Keisler, M. A., Hartman, S.,

and Kil, A. (2018)

Smith, Smith, and Snipes

(2016)
Duez et al. (2018)

192 SS, 7 DS

178 SS, ? DS
2947 SS, 1673 DS
29 S8, 51 DS
10455 SS, ? DS
188 SS, 124 DS
219 SS, 621 DS

75 SS, ? DS

70 SS, 290 DS
127 SS, 189 DS
491 SS, 693 DS
1090 SS, 2180 DS
1512 SS, 1008 DS

199 SS, 437 DS

336 SS, 112 DS

Not calculable

Not calculable
0.6816
0.3750
Not calculable
0.4968
0.8024

Not calculable
0.5222
0.6867
0.7508
0.7633
0.9179

0.9324

0.9375

Studies that have an unknown number of different source comparisons cannot be analyzed to produce a
correct source decision rate because the total number of comparisons performed (and the number of correct
eliminations) cannot be computed. These studies are usually closed-set designs, which have been cited as
problematic in President’s Council of Advisors on Science and Technology (2016). Totals from Smith, Smith,
and Snipes (2016) are recreated using reported marginal totals and internal counts; the study results are
internally inconsistent, so the approach with the least obfuscation and adjustment was taken for simplicity.
The discrepancy in Smith, Smith, and Snipes (2016) also stems from the study design’s inability to determine
how many comparisons were conducted, but it is at least designed in a way that allows for the calculation of

the minimal number of necessary comparisons.
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B Table of Participant Sampling, Data Availability, Drop-out
Rates, and Item Non-Response Rates

Drop-out Rate: Proportion of examiners who agreed to participate in the study and were not included in the
final analysis. “Unreported”" indicates the authors did not provide sufficient information to calculate this
number.

Item Non-Response Rate: This is a conservative measure. We are calculating the proportion of items
missing only for participants who are included in the final analysis. Note this is a lower bound for the
item non-response as it does not account for the items not responded to by participants who dropped out.
“Unreported” indicates the authors did not provide sufficient information to calculate this number.

Table 2: Participant sampling types, data availability, drop-out
rates, and item non-response rates. Only studies for which one
of drop-out rates and item non-response rates are specified are
included. This table focuses on data used to calculate accuracy of
examiners conclusions.

Item Non-

Volunteer Data Publicly Drop-out Response
Study Participants Available Rate Rate
Lyons (2009) Yes No Unreported 0%
B Mayland and Tucker Yes Partially® Unreported 0%
(2012)
Thomas G. Fadul, Jr et al.  Yes No 23%8 0%
(2013)
Stroman (2014) Yes No 17% Unreported
Baldwin et al. (2014) Yes No 23% 0.06%
Smith, Smith, and Snipes Yes No 34% Unreported
(2016)
Keisler, M. A., Hartman, S., Yes No Unreported 0%
and Kil, A. (2018)
Chapnick et al. (2021) Yes No > 29%7 3%
Chumbley et al. (2021) Yes No Unreported 17%
Smith (2021) Yes No 35% Unreported

5The authors did report the participant answers by test.

6This reflects the proportion of individuals who completed the test sets but were excluded from analysis because they had
not had two years of training.

"The authors did not report the number of participants who agreed to participate. 107 participants completed some the test
sets. The authors excluded all but 76 of them from analysis for the results reported in the abstract due to the participant being
“unqualified” or working outside of the United States or Canada. Note, other studies have explicitly included examiners outside
of the United States and Canada (e.g., Hamby et al. (2019) and Keisler, M. A., Hartman, S., and Kil, A. (2018)). The authors
indicated the excluded participants had committed more errors than those included.
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Innovative Research Grant. 1991. $3,810 over one year.

Carriquiry, A. L. and Jensen, H. H. Assessing the Health Risk Associated with Groundwater Contamination. lowa State
University Research Grant, Spring 1991 Competition. $7,500 over one year.

Bouzaher, A. and Carriquiry, A. L. Multiproduct Yield Prediction when Products are not Independent. May 1991. lowa
Corn Promotion Board. $17,000 over one year.

Bouzaher, A., Carriquiry, A. L., and Jensen, H. H. Efficiency Analysis of Ukrainian Agriculture. National Council for Soviet
and East European Research. May 1992. $48,000 over 15 months.

Carriquiry, A. L. and Jensen, H. H. Collection of Data on Inputs in the Ukraine for Estimating Agricultural Productivity and
Impacts of the Economic Reform. Office of International Cooperation and Development,
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USDA. January 1993. $6,761 over one year.

Jensen, H. H. and Carriquiry, A. L. NIS/Baltic Research Exchange, Agriculture Experiment Station, lowa State University.
March 1994. $2,700 over one year.

Johnson, S. R. and Carriquiry, A. L. Research Budget Expenses. Egyptian Cultural and Educational Bureau. March 1994.
$13,000 over two years.

Johnson, S. R., Fuller, W. A., Carriquiry, A. L., Jensen, H.H., and Nusser, S. M. Cooperative Agreement with Human
Nutrition Information Service (HNIS) USDA. October 1994. $203,625 over one year.

Carriquiry, A. L. International Travel Grant. American Statistical Association. June 1995. $1,600.
Carriquiry, A. L. International Travel Grant. College of Agriculture, lowa State University. July 1995. $1,600.

Carriquiry, A. L. and Martinez, S. International Cooperation Programs, National Science Foundation. October 1995.
$35,280.

Kliemann, W., Breidt, F. J., Budhiraja, A., Carriquiry, A.L., Mirkovic, D., and O'Donnell, B. Nonlinear Filtering Approaches
to Multitarget Tracking. Office of Naval Research (ONR). November 1995. $604,342 over 3 years.

Del Pino, G., Marshall, G., and Carriquiry, A. L. Topics in nonlinear mixed models. Fondo de Ciencia y Tecnologia
(FONDECYT), Chile. $15,000 over 2 years.

Carriquiry, A. L. and Nusser, S. M. Estimating usual intakes and biochemical measurement distributions for NHANES III.
National Center for Health Statistics, Department of Health and Human Services. October 1996. $25,000 for one year.

Carriquiry, A. L. International Travel Grant. American Statistical Association. June 1997. $1,800.
Carriquiry, A. L. Data collection and processing in Extension. Extension Service, lowa State University. June 1997. $5,500.

Carriquiry, A. L. International Travel Grant. College of Liberal Arts and Sciences, lowa State University. July 1997.
$1,050.

Carriquiry, A. L. and Nusser, S. M. Statistical issues associated to NHANES Ill. National Center for Health Statistics,
Centers for Disease Control and Prevention. October 1997. $48,000 for one year.

Nusser, S.M. and Carriquiry, A. L. Development of sampling methods to support the USDA. Nutritional Data Laboratory,
U.S. Department of Agriculture. April 1998. $31,650 for one year.

Carriquiry, A. L. Cooperation with Argentina. National Science Foundation. May 1998. $32,100 for one year.

Carriquiry, A. L. Analysis of nonresponse patterns in the Supplementary Nutrition Survey of Elderly Americans. National
Center for Health Statistics, Centers for Disease Control and Prevention. October 1998. $84,000 for one year.

Carriquiry, A. L., Daniels, M., and Stern, H. Statistical treatment of class evidence. Federal Bureau of Investigation (FBI).
October 1998. $150,000 for one year.

Carriquiry, A. L. Analysis of antioxidant intake data. Food and Nutrition Board, IOM. 1999. $9,045 over three months.

Carriquiry, A.L. and Rotniztky, A. Eighth Latin American Congress on Probability and Mathematical Statistics, La Habana,
Cuba. National Science Foundation, January 2001. $31,070 for one year.
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Devaney, B. and Carriquiry, A. L. Using the new Dietary Reference Intakes to assess nutrient adequacy among vulnerable
groups. Economic Research Service, USDA. May 2001. $247,000 for 18 months.

Carriquiry, A.L. PC software for dietary assessment. National Cancer Institute, NIH. November 2001. $25,000 for one
year.

Carriquiry, A.L. Ninth Latin American Congress on Probability and Mathematical Statistics. Punta del Este, Uruguay.
National Science Foundation, January 2004. $16,500 for one year.

Carriquiry, A.L. International Society for Bayesian Analysis 2004, Vina del Mar, Chile. National Science Foundation,
March 2004. $12,000 for one year.

Meeker, W.Q., Carriquiry, A.L., Cook, D., Maitra, R., Nettleton, D., Opsomer, J. Computing equipment for the Statistics
Department at lowa State University. SCREMS program, National Science Foundation. January 2004. $127,000 for one
year.

Carriquiry, A.L. Bayesian analysis of traffic safety data. lowa Department of Transportation. September 2004. $75,000
for three years.

Carriquiry, A.L., Meeker, W.Q., Morris, M., Vardeman, S. and Wu, H. Statistics for the Physical and Engineering Sciences:
A Research Training Group. $1,101,547 for four years. National Science Foundation, July 2005.

Jensen, H.H., Carriquiry, A.L. and Schalinski, K. Assessing intake of choline in at-risk groups. Egg Nutrition Council, August
2006. $45,000 for one year.

Wolt, J., Carriquiry, A.L., Correia, A., Hurd, S., Jensen, H.H., O’Connor, A., Rodriguez, L., Sandve, G. and Stecker, G.
Enabling graduate learning in risk analysis with emphasis on food, agriculture and veterinary medicine. Higher Education
Commission, May 2006. $146,813 over two years.

Srinivasan, R., Carter, D., Harkey, D., Eccles, K., Council, F., Persaud, B., Lyon, C., and Carriquiry, A.L. Evaluation of safety
strategies at signalized intersections. NCHRP 17-35 Transportation Research Board, June 2006. $750,000 over three

years.

Jahns, L. and Carriquiry, A.L. Epidemiologic tools to assess obesity-related energy and other nutrient intake. USDA NRI,
December 2006. $345,000 over three years.

Kurkalova, L., Kling, K., Carriquiry, A.L. Economic benefits and water quality consequences of ethanol production in the
upper Mississippi river basin. USDA NCR-SARE, October 2006. $676,000 over three years.

Hallmark, S., Maze, T., Carriquiry, A.L. and Boyle L.N. Development of analytical tools to evaluate road departure crashes
using naturalistic driving study data. Federal Highway Administration. December 2006. $99,000 over two years.

Hallmark, S., Maze, T., Carriquiry, A.L. and Boyle L.N. Development of analytical tools to evaluate road departure crashes
using naturalistic driving study data — Phase Il. Federal Highway Administration. April 2008. $130,000 over two years.

Carriquiry, A.L. Planning food fortification in developing nations. World Health Organization. January 1 2008 — December
312009. $79,400.

Welk, G., Nusser, S.M. and Carriquiry, A.L. A measurement error approach to estimating usual daily physical activity
distributions. National Institutes of Health. October 1 2008 — September 30 2012. $2,453,000.
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Carriquiry, A.L. Measurement error in non-linear models — An application to serum vitamin D. National Institutes of
Health. October 1 2009 — September 30 2011. $176,000.

Carriquiry, A.L. A comparison of various methods for estimating usual food intake distributions. National Institutes of
Health. October 1 2009 — September 30 2011. $162,000.

Carriquiry, A.L. XI Latin American Congress on Probability and Mathematical Statistics. National Institutes of Health,
Office of Dietary Supplements. October 1 2009 — March 31 2010. $8,500.

Genschel, U., Carriquiry, A.L., Dougherty, B., Johnson, E., Kliemann, W. Exploring the STEM gender gap: Introductory
college mathematics and statistics instruction and its association with self-efficacy. National Science Foundation. January
12011 - December 31 2012. $543,000.

Wiser, R., Balent-Kurti, P., Holland, J., Nelson, R. Lauter, N., Carriquiry A., Payne, G. Genetic and histological dissection
of phenotypic variation in quantitative resistance to maize diseases. National Science Foundation. November 15 2011 —
November 14 2014. $3,997,779. Carriquiry is Pl for the lowa State portion, which amounts to approximately $950,000.

Carriquiry, A.L. Bayesian methods in traffic safety. lowa Department of Transportation. January 2014. $125,000 for two
years.

Carriquiry, A.L., Baldwin, D., Fienberg, S.E., Kafadar, K., Stern, H. NIST Center of Excellence in Forensic Science and
Statistics. $19,999,722 over 5 years. June 12015 — May 31 2020.

Carriquiry, A.L., Garrett, B, Kafadar, K., Mejia, R., Morris, K., Stern, H. NIST Center of Excellence in Forensic Science and
Statistics Renewal. $20,000,000 over 5 years. June 1 2020 — May 31 2025.

PUBLICATIONS, REFEREED

1. Carriquiry, A. L., Gianola, D., and Fernando, R. L. 1987. Mixed Model Analysis of a Censored Normal Distribution with
Reference to Animal Breeding. Biometrics, 43:929-939.

2. Nusser, S. M., Carriquiry, A. L., Jensen, H. H., and Fuller, W. A. 1990. A Transformation Approach to Estimating Usual
Intake Distributions. Proceedings of the Second Annual Kansas State University
Conference on Statistics Applied to Agriculture. Manhattan, KS 120-132.

3. Carriquiry, A. L., Jensen, H. H., and Nusser, S. M. 1991. Modeling Chronic vs. Acute Human Health Risk from
Contaminants in the Food. In: J. A. Caswell (ed.) The Economics of Food Safety, Elsevier, New

York, 69-89.

4. Carriquiry, A. L., Ireland, W., Kliemann, W., and Uemura, E. 1992. Statistical Evaluation of Dendritic Growth Models.
Bulletin of Mathematical Biology, 53:579-589.

5. Bouzaher, A. and Carriquiry, A. L. 1992. Multiproduct Yield Prediction when Products are not Independent.
Proceedings of the Third Annual Kansas State Conference on Statistics Applied to Agriculture. Manhattan, KS 102-114.

6. Fink, D., and Carriquiry, A. L. 1992. Having Babies or Not — Household Composition in Rural lowa and Nebraska, 1900-
1910. Great Plains Quarterly, 12:157-168.

7. Harville, D. A., and Carriquiry, A. L. 1992. Classical and Bayesian Prediction as Applied to an Unbalanced Mixed Linear
Model. Biometrics, 48:987-1003.
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8. Bouzaher, A., Archer, D., Cabe, R., Carriquiry, A. L., and Shogren, J. F. 1992. The Effects of Environmental Policy on
Trade-Offs in Agri-chemical Management. Journal of Environmental Management, 36:69-80.

9. Bouzaher, A., Lakshminarayan, P. G., Cabe, R., Carriquiry, A. L., Gassman, P., and Shogren, J. F. 1993. Metamodels and
Nonpoint Pollution Policy in Agriculture. Water Resources Research, 29:1579-1587.

10. Mansur, L., Carriquiry, A. L., and Rao-Arelli, M. 1993. Resistance to Race 3 of the Soybean Cyst Nematode. Crop
Science, 33:1249-1253.

11. Johnson, S. R., Bouzaher, A., Carriquiry, A. L., Jensen, H. H., and Lakshminarayan, P. G. 1994. Production Efficiency
and Agricultural Reform in Ukraine. With discussion. American Journal of Agricultural Economics, 76:629-635.

12. Uemura, E., Carriquiry, A. L., Kliemann, W., and J. Goodwin. 1995. Mathematical Modeling of Dendritic Growth in
vitro. Brain Research, 671:187-194.

13. Jensen, H. H., Lakshminarayan, P. G., Bouzaher, A., Carriquiry, A. L., Johnson, S. R., and Sabluk, P. 1996. Stochastic
frontier analysis of technical efficiency of Ukrainian crop and livestock enterprises and implications for reform. Ukrainian

Economic Review, 2:4--22.

14. Nusser, S. M., Carriquiry, A. L., Dodd, K. W., and Fuller, W. A. 1996. A Semiparametric Approach to Estimating Usual
Intake Distributions. Journal of the American Statistical Association, 91:1440-1449.

15. Breidt, F. J., and Carriquiry, A. L. 1996. Improved quasi-maximum likelihood for stochastic volatility models. In: Lee J.
C., Johnson, W. O., and Zellner, A. (eds.) Modeling and Prediction: Honoring Seymour Geisser. Springer-Verlag, 228-247.

16. Babcock, B. A., Carriquiry, A. L., and Stern H. S. 1996. Evaluation of soil test information in agricultural decision
making. Journal of the Royal Statistical Society (C), Applied Statistics, 45:447-461.

17. Guenther, P. M., Kott, P. S., and Carriquiry, A. L. 1997. Development of an approach for estimating usual nutrient
intake distributions at the population level. Journal of Nutrition, 127:1106-1112.

18. Carriquiry, A. L. 1997. Bayesian legal decision-making: impossible task? In: Allen, R.J., and Redmayne, M. (eds.)
Bayesianism and Juridical Proof. International Journal of Evidence and Proof, Special Issue, 299-304.

19. Allen, R. J., and Carriquiry, A. L. 1997. Factual ambiguity and a theory of evidence reconsidered: a dialogue between
a statistician and a law professor. 31 Israel Law Review, 464-505.

20. Carriquiry, A. L., and Fienberg, S. E. 1998. Log linear models. Armitage, P., and Colton, T. (eds.). Encyclopedia of
Biostatistics 3:2333-2349.

21. Fienberg, S. E., and Carriquiry, A. L. 1998. Rasch Models. Armitage, P., and Colton, T. (eds.). Encyclopedia of
Biostatistics 5:3724-3730.

22. Carriquiry, A. L., Breidt, F. J., and Lakshminarayan, P. G. 1998. Sampling schemes for policy analyses using computer
simulation experiments. Journal of Environmental Management 22:505-515.

23. Carriquiry, A.L. 1999. Assessing the prevalence of nutrient inadequacy. Public Health Nutrition 2:23-33.

24. Breidt, F. J., and Carriquiry, A. L. 2000. Highest density gates for multiple target tracking. IEEE Transactions on
Aeronautics and Electronic Control, 36:47-55.
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25. Fernandez, S., Fernando, R., and Carriquiry, A.L. 2001. An algorithm to sample marker genotypes in a pedigree with
loops. Case Studies in Bayesian Statistics, Vol. V, Gatsonis, C. et al. (eds.). Lecture Notes in Statistics,
Springer-Verlag. 309-328.

26. Carriquiry, A. L., and Daniels, M. 2001. Adjusting for measurement error of a dietary risk factor in age-related
maculopathy. ISBA 2000 Proceedings: Bayesian Methods with Applications to Science, Policy, and Official Statistics. Italy:
European Communities Press. 51-61.

27. Fernandez, S. A., Fernando, R. L., and Carriquiry, A. L.. 2001. An algorithm to sample unobservable genotypes in
complex pedigrees. ISBA 2000 Proceedings: Bayesian Methods with Applications to Science, Policy, and Official Statistics.
Italy: European Communities Press. 125-135.

28. Fernandez, S. A,, Fernando, R. L., Guldbrandtsen, B., Totir, R., and Carriquiry, A. L. 2001. Sampling genotypes in large
pedigrees with loops. Genetics, Selection, Evolution, 33:337-367.

29. Daniels, M. J., and Carriquiry, A. L. 2002. Computing the posterior distribution of individual level usual intakes with
application to diseases models. Research in Official Statistics, 1: 67-81.

30. Kurkalova, L., and Carriquiry, A.L. 2002. An analysis of grain production decline during the early transition in Ukraine:
Bayesian inference. American Journal of Agricultural Economics, 84: 1256-1263.

31. Fernandez, S. A., Fernando, R. L., Guldbrandtsen, B., Stricker, C., Schelling, M., and Carriquiry, A. L. 2002.
Irreducibility and efficiency of ESIP to sample marker genotypes in large pedigrees with loops. Genetics, Selection,
Evolution. 34:537-555.

32. Carriquiry A.L., Nusser SM. 2002. Latent class analysis of complex sample survey data: Application to dietary data —
Comment. Journal of the American Statistical Association. 97:729-731.

33. Arab, L. Carriquiry, A.L., Steck-Scott, S., and Gaudet, M. 2003. Ethnic differences in the nutrient intake adequacy of
premenopausal women: results from the National Health and Nutrition Examination Survey lll. Journal of the American
Dietetics Association, 103:1008-1014.

34. Carriquiry, A.L. 2003. Estimation of usual intake distributions of nutrients and foods. Journal of Nutrition. 133:601-
608.

35. Jahns L, Arab L, Carriquiry A. 2003. Dietary reference intakes still used incorrectly in Journal articles. Journal of the
American Dietetics Association 103(10):1292-3; author reply 1293.

36. Kurkalova, L., and Carriquiry, A. L.. 2003. Input- and output-oriented technical efficiency of Ukrainian collective
farms, 1989-1992: Bayesian analysis of a stochastic production frontier model. Journal of Productivity Analysis, 20:191-
211.

37. Wang, H., Reitmeir, C. A,, Glatz, B.A, and Carriquiry, A. L. 2003. Mixed model analysis of sensory characteristics of
irradiated apple cider. Journal of Food Science. 68:230-237.

38. Mila, A.L, Zhao, J., Carriquiry, A.L., and Yang, X. B. Impact of management practices on regional prevalence of
soybean Sclerotinia stem rot in the north-central region of the United States and on farmers’ decisions under
uncertainty. 2003. Plant Disease, 87: 1048-1058.

39. Mila, A. L., Yang, X.B., and Carriquiry, A. L. Bayesian Logistic Regression of Soybean Sclerotinia Stem Rot Prevalence
in the U.S. North-Central Region: Accounting for Uncertainty in Parameter Estimation. 2003. Phytopathology, 93:758-
764
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40. Mila, A.L, Carriquiry, A.L., and Yang, X. B. 2004. Logistic regression modeling of prevalence of soybean Sclerotinia
stem rot in the north-central region of the United States. Phytopathology, 94: 102-110.

41. Kruzich LA, Marquis GS, Carriquiry AL, Wilson CM, Stephenson CB. 2004. U.S. youth in the early stage of HIV disease
have low intakes of some micronutrients important for optimal immune function. J Am Diet Assoc. 104:1095-1101.

42. Jahns, L. Carriquiry, A.L., Arab, L., Mroz, T., and Popkin, B. 2004. Within and between person variability of nutrient
intakes of Russian and US children differs by sex and age. Journal of Nutrition 134: 3114-3120.

43. Mila, A.L., and Carriquiry A. L. 2004. Bayesian analysis in plant pathology. Phytopathology 94:1027-1030.

44, Jahns, L. Arab, L., Carriquiry, A.L., Popkin, B. 2005. The use of external within-person variance estimates to adjust
nutrient intake distributions over time and across populations. Public Health Nutrition 6: 19-32.

45. Love, T.M., and Carriquiry, A.L. Statistical analyses of cDNA microarray data. 2005. Proceedings of the Xill
Conference on Statistics Applied to Agriculturel-32.

46. Carriquiry, A.L., and Camano-Garcia, G. Evaluating dietary survey data using the Tolerable Upper Level intakes.
2006. Journal of Nutrition, 136: 5075-513S.

47. Che, P., Love, T.M., Frame, B.R, Wang, K., Carriquiry, A.L., and Howell, S.P. 2006. Gene expression changes during
germination and maturation of somatic embryos in maize cultures. Plant Molecular Biology, 62(1-2):1-14. Epub 2006 Jul
15.

48. Pawlovich, M., Li, W. Carriquiry, A.L., and Welch, T. lowa’s experience with “road diet” measures: impacts on crash
frequencies and crash rates assessed following a Bayesian approach. 2006. Transportation Research Record 1953:163-

171.

49. Stout, T.B., Pawlovich, M. Souleyrette, R.R. and Carriquiry, A.L.. 2006. Safety impacts of road diets in lowa. Institute
for Transportation Engineers Journal 76:24-28.

50. Souleyrette, R.R, Tenges, B. J., McDonald, T., Maze, T.H. and Carriquiry, A.L. 2006. Safety effectiveness of stop
controls at ultra-low volume unpaved intersections. Transportation Research Record, 1967:58-65.

51. Traynham, T.L., Myers, D.J., Carriquiry, A.L., and Johnson, L.A. 2007. Evaluation of water-holding capacity for wheat-
soy flour blends. Journal of the American Oil Chemists Society, doi:10.1007/s11746-006-1018-0.

52. Zhang, W., Carriquiry, A.L., Nettlteon, D. and Dekkers, J.C.M. 2007. Pooling mRNA in microarray experiments and its
effect on power. Bioinformatics, doi: 10.1093/bioinformatics/btm081.

53. Welk, G.J., Calabro, M.A., Carriquiry, A.L., Nusser, S.M. 2007. Validation of a Computerized 24 Hour Physical Activity
Recall (24PAR) Instrument Using Pattern Recognition Monitors. Med Sci Sports Exerc. 39(5 Suppl):S28.

54. Murphy, S., Barr, S. and Carriquiry, A.L. 2007. Using the Dietary Reference Intakes in nutritional assessment. In:
Monsen, E.R., Van Horn, L. (Eds.) Research: Successful Approaches, 3™ edition. American Dietetic Association, Chicago, IL.

55. Carriquiry, A.L., and Kliemann, W. 2007. The modes of posterior distributions in mixed linear models. Proyecciones,
26: 281-308.
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56. Yang, L., Song, G., Carriquiry, A.L., and Jernigan, R. 2008. Close correspondence between the essential protein
motions from principal component analysis of multiple HIV-1 protease structures and elastic network modes. Structure,
16: 321-330.

57. Li, W., Carriquiry, A.L., Pawlovich, M. and Welch, T. 2008. The choice of statistical models in road safety
countermeasure effectiveness studies in lowa. Accident Analyses and Prevention, 40: 1531-142.

58. Hamner, H., Mulinare, J., Flores, A., Boyle, C.A., Prue, C.E. Cogswell, M., Wang, CY., and Carriquiry, AL. 2009.
Predicted contribution of folic acid intake for the US population, NHANES 2001-2004. American Journal of Clinical
Nutrition, 87: 305 — 315.

59. Love, T., and Carriquiry, A.L. 2009. Incorporating multiple cDNA microarray scans into analyses — an application to
maize embryogenesis. JASA, 104:524 — 540.

60. Calabro, M.A., Welk, G.J., Carriquiry, A.L., Nusser, S.M., Beyler, N.K., Matthews, C.E. 2009. Validation of a
computerized 24-hour (24PAR) physical activity recall instrument with pattern recognition activity monitors. Journal of
Physical Activity and Health, 6: 211 — 220.

61. Yang, Q., Cogswell, M., Berry, R.J., Hamner, H. and Carriquiry, AL. 2010. Sources of folic acid intake, tolerable upper
intake levels and folate status among US adults: findings from the National Health and Nutrition Examination Survey
2001-2004 American Journal of Clinical Nutrition, 91: 64 — 72.

62. Durazo-Arvizu, R.A., Dawson-Hughes, B., Sempos, C.T., Yetley, E.A., Looker, A.C., Cao, G., Harris, S.S., Burt, V.L.,
Carriquiry, A.L., Picciano, M.F. 2010. Parathyroid Hormone and the Estimation of Optimal 25-Hydroxyvitamin D Using
Several Statistical Approaches. Journal of Nutrition. 140: 595 — 599.

63. Sax, C.R., Maze, T.H., Souleyrette, R.R., Carriquiry, A.L. 2010. Optimal urban clear zone distance. Transportation
Research Record 2195: 27 — 35.

64. Arimond, M., Wiesman, D., Becquey, E., Carriquiry, A., Daniels M.C., Deitchler, M., Fagnou-Fogny, N., Joseph, M.,
Kennedy, G., Martin-Prevel, Y., Torheim, L.E. 2010. Simple Food Group Diversity Indicators Predict Micronutrient
Adequacy of Women’s Diets in 5 Diverse, Resourse-Poor Settings. Journal of Nutrition, 140:2233-2240.

65. Sempos, C.T., Carriquiry, A.L., Bailey L.R., Joseph, M.L., Looker, A.C., Durazo-Arvizu, R., Yetley, E.L., Dawson-Hughes,
B., Dwyer, J.T., Picciano, M.F. 2010. The impact of within person variation on prevalence estimates for serum 25-
hydroxyvitamin D in the National Health and Nutrition Examination surveys. Journal of Nutrition. In press.

66. Joseph, M., Carriquiry, A.L.. 2010. An error-in-the-equation approach to evaluating the association between diet
diversity and nutrient intake adequacy. Journal of Nutrition. 140: 2094S-2101S.

67. Li, W., Yu, C., Carriquiry, A.L., Kliemann, W. 2011. The asymptotic behavior of the R/S statistic fractional Brownian
motion. Statistics and Probability Letters, 81:83-91.

68. Yeung, L.F., Cogswell, M.E., Carriquiry, A.L., Bailey, L.B., Pfeiffer, C.M., Berry, R.J. 2011. Contributions of enriched

cereal grain products, ready-to-eat cereals and supplements to folic acid and vitamin B12 usual intakes in US children:
National Health and Nutrition Examination Survey (NHANES) 2003 — 2006. American Journal of Clinical Nutrition. 93:

172-185.

69. Cena, L., Li, W., Keren, N., Carriquiry, A, Pawlovich, M. 2011. A Bayesian Assessment of the Effect of Highway
Bypasses in lowa On Crashes and Crash Rate. Journal of Safety Research, 42: 241 - 252.
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70. Manijarrés, LM., Diaz, A., Carriquiry, A., 2011. Asociacion entre ingesta de nutrientes hematopoyéticos y tipo de
anemia nutricional en mujeres colombianas anémicas en edad fertile. Revista Panamericana de Salud Publica/Pan
American Journal of Public Health. In press.

71. Hotz, C., Loechl, C., deBrauw, A., Eozenou, P., Gilligan, D., Moursi, M., Munhaua, B., van Jaarsveld, P, Carriquiry, A.,
Meenakshi, JV. 2011. A large-scale intervention to introduce orange sweet potato in rural Mozambique reduces the
prevalence of inadequate vitamin A intakes among children and women. British Journal of Nutrition,
doi:10.1017/50007114511005174.

72. Carriquiry, A.L. 2011. Election forensics and the 2004 Venezuelan presidential recall referendum as a case study.
Statistical Science, 26: 471 - 478.

73. Sigle, K.J., Camano-Garcia, G. Carriquiry, A.L., Betts, D.M., Kuehn, M.H., McClellan, G.J. 2011. The effect of
dorzolamide 2% on circadian intra-ocular pressure in cats with primary congenital glaucoma. Veterinary Ophtalmology,
14: S48 — S53.

74. Dettmer, M., Alekel, D.L., Lasardo, J.A., Messina, M., Carriquiry, A.L., Haiberger, K., Stewart, J.W., Franke, W. 2012.
The Effect of Soy Protein Beverages on Serum Cell Adhesion Molecule Concentrations in Prehypertensive/Stage 1
Hypertensive Individuals. Journal of the American College of Nutrition, 31: 100-110.

75. Hotz, C. Loechl, C., Lubwova, A., Tumwine, J.K., Ndeezi, G., Masawi, A.N., Baingana, R., Carriquiry, A.L., de Brauw, A,,
Meeknashi, J.V., Gilligan, D. 2012. A large-scale intervention to introduce carotene-rich orange sweet potato was
effective in increasing vitamin A intakes among children and women in rural Uganda. Journal of Nutrition, 142: 1871 -
1880.

76. Cogswell, M.E., Zhang, Z., Carriquiry, A.L., Gunn, J.P., Kuklina, A.V., Saydah, S.H., Yang, Q. Moshfegh, A.M. 2012.
Sodium and potassium intake among US adults — NHANES 2003 — 2008. American Journal of Clinical Nutrition, 96: 647-
657.

77. Murphy, S., Ruel, M., Carriquiry, A.L. 2012. Should household consumption and expenditure surveys be used for
nutritional assessment and planning? Food and Nutrition Bulletin, 3: S235-241.

78. Wall, R, Litchfield, R., Carriquiry, A.L., McDonnell, E.T., Woodward-Lopez, G.M. 2012. Local wellness policy strength
and perceived implementation of school nutrition standards across three states. Childhood Obesity, 8: 331 — 338.

79. Bektas, B., Carriquiry, A.L., Smadi, O. 2012. Using classification trees for predicting national bridge inventory
condition ratings. Journal of Infrastructure Systems.19:425-433..

80. Love, T., Carriquiry, A.L.. 2012. Bayesian methods for microarray data. In: Handbook of Statistics, 28: 13 —38.
81. Gibbs, M.M., Carriquiry, A.L., Capanzana, M.V., Gibson, R.S. 2012. Establishing desirable fortificant levels for calcium,
iron and zinc in foods for infant and young child feeding: examples from three Asian countries. Maternal and Child

Nutrition, 10:112-125, DOI: 10.1111/j.1740-8709.2012.00405.x.

82. Nusser, S.M., Beyler, N.K., Welk, G.J., Carriquiry, A.L., Fuller, W.A., King, B.M.N. 2012. Modeling errors in physical
activity recall data. Journal of Physical Activity and Health, 9: S56 — S67.

83. Taylor, C.L. Carriquiry, A.L., Bailey, R.L., Sempos, C.T., Yetley, E.A. 2013. Appropriateness of the probability approach

with a nutrient status biomarker to assess population inadequacy: a study using vitamin D. American Journal of Clinical
Nutrition, 97:72 - 78.
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84. Armah, S.M., Carriquiry, A.L., Sullivan, D., Cook, J.M., Reddy, M.B. 2013. A complete-diet algorithm for predicting
nonheme iron absorption in adults. Journal of Nutrition, 143: 1136-1140.

85. Bailey, R.L., Durazu-Arvizu, R.A., Carmel, R., Green, R., Pfeiffer, C.M., Sempos, C.T., Carriquiry, A.L., Yetley, E.A. 2013.
Modeling a methylmalonic acid-derived change point for serum vitamin B12 for adults in NHANES. American Journal of
Clinical Nutrition, 98: 460-467.

86. Cogswell, M.E., Wang, C-Y., Chen, T-C., Pfeiffer, C.M., Elliot, P., Gillespie, C.D., Carriquiry, A.L., Sempos, C.T., Liu, K,
Perrine, C.G., Swanson, C.A., Caldwell, K.A., Loria, C.M. 2013. Validity of predictive equations for 24-h urinary sodium
excretion in adults aged 18 — 39 y. American Journal of Clinical Nutrition, 98: 1502-1513. doi: 10.3945/ajcn.113.059436.

87. Wang, C-Y., Cogswell, M.E., Loria, C.M., Chen, T-C., Pfeiffer, C.M., Swanson, C.A., Caldwell, K.A., Perrine, C.G.,
Carriquiry, A.L., Liu, K., Sempos, C.T., Gillespie, C.D., Burt, V.I. 2013. Urinary excretion of sodium, potassium and
chloride, but not iodine, varies by timing of collection in a 24-h calibration study. Journal of Nutrition, doi: 10.3945/
jn.113.175927.

88. Zhang, Z., Cogswell, M..E., Gillespie, C., Fang, J., Loustalot, F., Dai, S., Carriquiry, A.L., Kuklina, E.V., Hong, Y., Merritt,
R., Yang, Q. 2013. Association between usual sodium and potassium intake and blood pressure and hypertension among
U.S. adults 2005-2010. PloS One 8:1-10.

89. Mudgal, A., Hallmark, S., Carriquiry, A.L., Gritza, K. 2014. Driving behavior at a roundabout: A hierarchical Bayesian
regression analysis. Transportation Research Part D, 26: 20-26.

90. Perrine, C.G., Cogswell, M.E., Swanson, C., Sullivan, K.M., Chen, T.C., Carriquiry, A.L., Dodd, K.W., Caldwell, K., Wang,
C.Y. 2014. Thyroid, 24:748-757.

91. Orellana, M., Edwards, J., Carriquiry, A.L. 2014. Evidence of heterogeneous variances in multi-environment yield
trials for corn (Zea mays L.) hybrids. Crop Science, 54:1048-1056.

92. Dwyer, J.T., Woteki, C., Bailey, R., Britten, P., Carriquiry, A.L., Gaine, P.C., Miller, D., Moshfegh, A., Murphy, M.M.,
Smith Edge, M. 2014. Fortification: New findings and implications. Nutrition Reviews, 72:127-141.

93. Howard, R., Carriquiry, A.L., Beavis, W.. 2014. Parametric and nonparametric statistical methods for genomic
selection of traits with additive and epistatic genetic architectures. Genes, Genetics and Genomics, 4:1027-1046.

94. Da Silva, N., Carriquiry, A.L., O’Neill, K., Oppriessing, T., O’Connor, A.M. 2014. Mixed treatment comparison meta-
analysis of porcine circovirus type 2 (PCV2) vaccines used in piglets. Preventive Veterinary Medicine, 117:113-424.

95. Abdeen, Z., Ramelawi, A., Qaswari, R., Alrub, A.A., Dary, O., Rambeloson, Z., Shahab-Ferdows, S., Dror, D., Allen, L.H.,
Carriquiry, A., Salman, R., Dkeidek, S. 2014. Predicted efficacy of the Palestinian wheat flour fortification programme:
complementary analysis of biochemical and dietary data. Public Health Nutrition, 18:1358-1368.

96. Welk, G.J., Kim, Y., Stanfill, B., Osthus, D., Calabro, M.A., Nusser, S.M., Carriquiry, A.L.. 2014. Validity of 24-h physical
activity recall: physical activity measurement survey. Medicine and Science in Sports and Exercise, 46:2014-2024.

97. Gibson, R.S., Carriquiry, A.L., Gibbs, M.M. 2015. Selecting desirable micronutrient fortificants for plant-based
complementary foods for infants and young children in low-income countries. Journal of the Science of Food and
Agriculture, 95:221-224.

98. Mercado, C.I., Cogswell, M.E., Valderrama, A.M., Wang, C.Y., Loria, C.M., Moshfegh, A.J., Rhodes, D.G., Carriquiry,
A.L. 2015. Difference between 24-h urine excretion for assessing population sodium and potassium intake in adults 18
to 39y. The American Journal of Clinical Nutrition, 101:376-386. doi: 10.3945/ajcn.113.081604.
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99. Wang, C.Y., Carriquiry, A.L., Chen, T-C, Loria, C.M., Pfeiffer, C.M., Liu, K., Sempos, C.T., Perrine, C.G., Cogswell, M.E.
2015. Estimating the population distribution of usual 24-hour sodium excretion from timed urine void specimens using a
statistical approach accounting for correlated measurement errors. The Journal of Nutrition, 145:1017-1024.
doi:10.3945/jn.114.206250

100. Aburto, T., Cantoral, A. Hernandez-Barrera, L., Carriquiry, A., Rivera, J. 2015. Usual dietary energy density is
associated with excessive body weight in Mexican children. Journal of Nutrition, 145(7): 1524-1530. doi:
10.3945/jn.114.206359

101. Armah, S.M., Carriquiry, A.L., Reddy, M.B. 2015. Total iron bioavailability from the US diet is lower than the current
estimate. Journal of Nutrition, 145:2617-2621. doi: 10.3945/jn.115.210484.

102. Taylor, C., Bailey, R., Carriquiry, A.L. 2015. Use of folate-based and other fortification scenarios illustrate different
shifts for tails of the distribution of serum 25-hydroxyvitamin D concentrations. Journal of Nutrition, 145:1623-1629.
do0i:10.3945/jn.115.211185

103. Carriquiry, A.L., Spungen, J.H., Murphy, S.P., Pehrsson, P.R., Dwyer, J.T., Juan, W.Y., Wirtz, M. 2016. Variation in the
iodine concentration of foods: considerations for dietary assessment. American Journal of Clinical Nutrition, 104 (Suppl.
3): 877-887.

104. Juan, W.Y., Trumbo, P.R., Spungen, J.H., Dwyer, J., Carriquiry, A.L., Zimmerman, T.P., Swanson, C.A., Murphy, S.P.
2016. Comparison of two methods for estimating the prevalence of inadequate and excessive iodine intake. American
Journal of Clinical Nutrition, 104:8885-897S.

105. Shamah-Levi, T., Rodriguez-Ramirez, S., Gaona-Pineda, E.B., Cuevas-Nasu, L., Carriquiry, A.L., Rivera, J.A. 2016.
Three 24-h recalls in comparison with one improve the estimates of energy and nutrient intakes in an urban Mexican
population. The Journal of Nutrition, 146:1043-1050.

105. Lopez-Olmedo, N., Carriquiry, A.L., Rodriguez-Ramirez, S., Ramirez-Silva, ., Espinosa-Montero, J., Hernandez-
Barrera, L., Campirano-Nunez, F., Martinez-Tapia, B., Rivera, J.A. 2016. Usual intake of energy and macro-nutrients in the
Mexican population. The Journal of Nutrition, 146:1856S-1865S.

106. Orozco, A., Yeung, L.F., Guo, J., Berry, R.J., Carriquiry A. 2016. Characteristics of US adults aged 19 years and older
with usual daily folic acid intake above the tolerable upper intake level: National Health and Nutrition Examination
Survey, 2003-2010. Nutrients, 8:195, doi:10.3390/nu8040195.

107. Zimmermann, M.b., Hussein, |., Al Ghannami, S., El Badawi, S., Al Hamad, N,M., Abbas Hajj, B., Al-Thani, M.,
Winichagoon, P., Pongcharoen, T., van der Haar, F., Qing-Zheng, J., Dold, S., Andersson, M., Carriquiry, A.L. Estimation of
the prevalence of deficient and excessive iodine intakes in school-age children from the adjusted distribution of urinary
iodine concentrations from population surveys. The Journal of Nutrition, 146:1204-1211.

108. De Moura, F.F., Moursi, M., Angel, M.D., Angeles-Agdeppa, |., Atmarita, A., Gironella, G.M., Muslimatun, S.,
Carriquiry, A.L.. 2016. Biofortified beta-carotene rice improves intake of vitamin A and reduces the prevalence of
inadequacy among women and young children in a simulated analysis in Bangladesh, Indonesia and Philippines. The
American Journal of Clinical Nutrition, 104:769-775.

109. Pedroza-Tobias, A., Hernandez-Barrera, L., Lopez-Olmedo, N., Garcia-Guerra, A., Rodriguez-Ramirez, S., Ramirez-

Silva, I.,Villalpando, S., Carriquiry, A.L., Rivera, J.A. Usual intake of vitamins in the Mexican population: Results from the
National Health and Nutrition Survey 2012. The Journal of Nutrition, 146:1866S5-1873S.
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110. Sanchez-Pimienta, T.G., Lopez-Olmedo, N., Rodriguez-Ramirez, S., Garcia-Guerra, A., Rivera, J.A., Carriquiry, A.L.,
Villalpando, S. 2016. The usual intake of iron, zinc, calcium and magnesium in the Mexican population. The Journal of
Nutrition, 146:1874S-1880S.

111. Saheed, M.S., Gkritza, K., Carriquiry, A., Hallmark, S. 2016. Analysis of occupant injury severity in winter weather
crashes: a fully Bayesian multivariate approach. Analytic Methods in Accident Research, 11:33-47.

112. Fiorentino, M., Landais, E., Bastard, G., Carriquiry, A., Wieringa, F.T., Berger, J. 2016. Nutrient intake is insufficient
among Senegalese urban school children and adolescents: Results from two 24-h recalls in state primary schools in
Dakar. Nutrients 8:650-667.

113. Carriquiry, A.L. Understanding and assessing nutrition. 2017. Reviews in Statistics, 4:123-146

114. Hare, E., Hofmann, H., Carriquiry, A. 2017. Automatic matching of bullet lands. Annals of Applied Statistics.
4:2332-2356. Arxiv: 1601.05788v1.

115. Howard, R., Carriquiry, A.L., Beavis, W.. 2017. Application of response surface methods to determine conditions for
optimal genomic prediction. Genes, Genetics and Genomics, 7: 3103--3113.

116. Raatz, SK, Jahns, L., Johnson, LK., Scheett, A., Carriquiry, A., Lemieux, A., Nakajima, M., al’'Absi, M. 2017. Smokers
report lower intake of key nutrients than nonsmokers, yet both fall short of meeting recommended intakes. Nutrition
Research, 45:30 — 37.

117. Basulto-Elias, G., Carriquiry, A., De Brabanter, K., Nordman, D. 2017. Fourierin: an R package to compute Fourier
integrals. The R Journal, 9:72—83.

118. Hare, E., Hofmann, H., Carriquiry, A. 2018. Algorithmic approaches to match degraded bullet land impressions.
Law, Probability and Risk, 16: 203-221.

119. Denney, L., Angeles-Adepta, I., Capanzana, M.V., Toledo, M.B., Donohue, J. , Carriquiry, A.L. 2018. Nutrient Intakes
and Food Sources of Filipino Infants, Toddlers and Young Children are Inadequate: Findings from the National Nutrition
Survey 2013. Nutrients, 10: 1730- 1739 https://doi.org/10.3390/nu10111730.

120. Castellanos-Gutierrez, A., Sanchez-Pimienta, T.G., Carriquiry, A.L., da Costa, T.H.M., Ariza, A.C. 2018. Higher dietary
magnesium intake is associated with lower body mass index, waist circumference and serum glucose in Mexican adults.
BMC Nutrition Journal 17: 114-121. doi.org/10.1186/s12937-018-0422-2

121. Shook, R., Hand, G., O’Connor, D., Thomas, DM., Hurley, TG., Drenowatz, C., Welk, G., Reis, D., Carriquiry, A., Blair,
S. 2018. Energy intake derived from an energy balance equation, validated activity monitors, and dual X-ray
absorptiometry can provide acceptable caloric intake data among young adults. Journal of Nutrition, 148:490-496.
doi.org/10.1093/jn/nxx029.

122. Reis, D., Carriquiry, A. 2019. Measuring energy balance while correcting for measurement error via free knot
splines. PLoS. doi.org/10.1371/journal.pone.0201892

123. Park, S., Carriquiry, A. Machine learning methods to compare the elemental composition of glass fragments. 2019.
Annals of Applied Statistics, 13: 1068-1102.

124. Hubbard, D.W., Carriquiry, A.L. 2019. A straw man proposal for a new framework for statistical inference in
science. The American Statistician, 73 sup1: 46-55. doi.org/10.1080/00031305.2018.1543138.
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125. Allen, L.H., Carriquiry, A.L., Murphy, S.P. 2019. Proposed harmonized nutrient reference values for populations.
Advances in Nutrition, 00: 1-15. doi.org/10.1093/advances/nmz096.

126. Carriquiry, A.L., Reid, N., Slavkovic, A.B. 2019. Stephen Elliott Fienberg 1942-2016, Founding Editor of the Annual
Reviews of Statistics and Its Application. Annual Reviews of Statistics and Its Application, 6: 1-18.
doi.org/10.1146/annurev-statistics-030718-105334.

127. Angeles-Agdeppa, A, Ye, S., Denney, L., Tanda, K.V., Octavio, R.A.D, Carriquiry, A.L., Capanzana, M.V. 2019. Food
sources, energy and nutrient intakes of adults: 2013 Philippines National Nutrition Survey. BMC Nutrition Journal, 18: 1-
12. doi.org/10.1186/s12937-019-0481-z.

128. Angeles-Agdeppa, A., Denney, L., Toledo, M.B., Obligar, V.A., Jacquier, E.F., Carriquiry, A.L., Capanzana, M.V. 2019.
Inadequate intakes in Filipino schoolchildren and adolescents are common among those from rural areas and poor
families. Food and Nutrition Research, 63: 1-12.

129. Carriquiry, A., Hofmann, H., Tai, XH., VanderPlas, S. 2019. Machine learning in forensic applications. Significance
Magazine, 16(2): 29-35.

130. Basulto-Elias, G., Carriquiry, A.L., De Brabanter, K., Nordman, D. 2020. Bivariate kernel deconvolution with panel
data. Sankhia B. doi.org/10.1007/s13571-020-00226-x.

131. Crawford, A., Ray, A., Carriquiry, A. 2020. A database of handwriting samples for applications in forensic statistics.
Data in Brief, 28. doi.org/10.1016/j.dib.2019.105059.

132. Park, S., Carriquiry, A. 2020. An algorithm to compare 2D footwear outsole images using maximum clique and
SURF. Statistical Analysis and Data Mining. doi.org/10.1016/j.dib.2020.105508.

133. Garton, N., Niemi, J. Carriquiry, A.L. 2020. Knot selection in sparse Gaussian processes with a variational objective
function. Statistical Analysis and Data Mining, 13:324-336. doi.org/10.1002/sam.11459.

134. Crawford, A.M., Berry, N.S., Carriquiry, A.L. 2020. A clustering method for graphical handwriting components and
statistical writership analysis. Statistical Analysis and Data Mining. In press.

135. Murphy, S.P., Yaktine, A.L., Carriquiry, A.L.. 2020. Planning nutritionally adequate diets for groups: Methods used
to develop recommendations for a Child and Adult Care Food Program. Advances in Nutrition.
doi.org/10.1093/advances/nmaal19.

136. Park, S., Carriquiry, A. 2020. Similarity of two-dimensional images: An application to the forensic comparison of
footwear impressions. Journal of Applied Statistics. In press.

137. Raatz, S.K., Johnson, L.K., Carriquiry, A.L., King, W.C., Kalarchian, M.A., Devlin, M.J., Marcus, M.D., Mitchell, J.E.
2021. Reported nutrient intake over seven years after Roux-en-Y gastric bypass in the longitudinal assessment of

bariatric surgery — 3 (LABS — 3) psychosocial study. Surgery for Obesity and Related Diseases. In press.

138. Hofmann, H., VanderPlas, S., Carriquiry, A.L. 2021. Treatment of inconclusives in the AFTE range of conclusions.
Law, Probability and Risk. In press.

PAPERS SUBMITTED OR IN PREPARATION

1. Garton, N., Niemi, J., Carriquiry, A.L. Being revised for Journal of Machine Learning Research. January 2020.
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2. Crawford, A.M., Carriquiry, A.L., Ommen, D.M. A Bayesian approach to the forensic analysis of handwriting.
Submitted to Annals of Applied Statistics.

3. Garton, N., Carriquiry, A., Ommen, D., Niemi, J. Submitted to Statistical Science. December 2020.

4. Lee, H.N., Qiu, Y. Carriquiry, A., Ommen, D. Optimal matching rule with application in forensic science. In
preparation.

5. Reis, D., Carriquiry, A. A Bayesian two-part model to evaluate compliance with physical activity guidelines by US
adults. In preparation.

6. Moursi, M., Angel, MD., De Moura, FF., Angeles-Agdeppa, |., Atmarita, A., Gironella, GM., Muslimatun, S., Carriquiry,
A. An ex-ante analysis of the impact of rice biofortified with zinc on dietary zinc inadequacy: Evidence from
Bangladesh, Indonesia and the Philippines. Review requested, American Journal of Clinical Nutrition. August 2020.

7. Curley, B., Carriquiry, A.L., Fuller, W.A. Nonlinear measurement error approach to modeling the association
between vitamin D intake and serum 25(OH)D in adults. In preparation.

8. Joseph, M., Carriquiry, A.L., Fuller, W.A. A change-point model with errors in variables: An application assessing the
association between iPTH and 25(OH)D in adults. In preparation.

VOLUMES WRITTEN OR EDITED

Case Studies in Bayesian Statistics, Volume IV. 1998. Gatsonis, C., Kass, R., Carlin, B. Carriquiry, A. L., Gelman, A,,
Verdinelli, I., and West, M. (eds.). Springer-Verlag, Lecture Notes in Statistics, 138. New York.

Case Studies in Bayesian Statistics, Volume V. 2002. Gatsonis, C., Kass, R., Carlin, B. Carriquiry, A. L., Gelman, A,,
Verdinelli, I., and West, M. (eds.). Springer-Verlag, Lecture Notes in Statistics, 162. New York.

Case Studies in Bayesian Statistics, Volume VI. 2002. Gatsonis, C., Kass, R., Carriquiry, A. L., Gelman, A., Higdon, D.,
Pauler, D., and Verdinelli, I.(eds.). Springer-Verlag, Lecture Notes in Statistics 167, New York.

Dietary Reference Intakes: Applications in Dietary Assessment 2000. Murphy, S., Arab, L. Barr, S., Borra, S., Carriquiry, A.,
Devaney, B., Dwyer, J., Habitch, J.P., King, J., Kuhnlein, H. . Institute of Medicine, National Academy Press, Washington,
D.C. 285 pp.

Estimating Eligibility and Participation for the WIC Program: Phase | Report. 2001. Betson, D., Buescher, P. Carriquiry,
A.L., Currie, J., DaVanzo, J., Geweke, J.F., Greenberg, D., Inman, R.P., Lepkowski, J., Scholtz, J.K., Suitor, C.W. National
Academy Press, Washington, D.C. 86 pp.

Estimating Eligibility and Participation for the WIC Program: Final Report. 2003. Betson, D., Buescher, P. Carriquiry, A.L.,
Currie, J., DaVanzo, J., Geweke, J.F., Greenberg, D., Inman, R.P., Lepkowski, J., Scholtz, J.K., Suitor, C.W. National
Academy Press, Washington, D.C. 162 pp.

Dietary Reference Intakes: Applications in Dietary Planning. 2003. Barr, S., Agurs-Collins, T.D., Carriquiry, A.L., Coulston,
A.M., Devaney, B., Dwyer, J.T., Hunt, J.R., Murphy, S., and Tarasuk, V. Institute of Medicine, National Academy Press.

Intentional Human Dosing Studies for EPA Regulatory Purposes: Scientific and Ethical Issues. 2004. Childress, J., Taylor,

M.R., Bruckner, J., Carriquiry, A., Clayton, E.W., Doull, J., Greely, H.T., Harlow, S.D., Lave, L.B., Lo, B., Louis, T.A., Rodricks,
J.V., Schroeder, C.H., Temple, R. National Academy Press. 208 pp.
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Ballistic Imaging. 2008. Rolph, J.E., Meiran, E.S., Blumstein, A., Carriquiry, A.L., Chumbley, S., Cook, P.J., De Graef, M.,
Donoho, D.M., Eddy, W.F., Gray, G., Grimson, E., Huttenlocher, D., Meyer, M., Nair, V., Ninivaggi, A., Pisenti, D.W.,
Pregibon, D., Reininga, H.M., Stewart, J.K., Stonebraker, M., Weschler, H., Weertman, J. National Academy Press, 322 pp.

Gender Differences at Critical Transitions in the Careers of Science, Engineering, and Mathematics Faculty.2010.
Canizares, C., Shaywitz, S., Abriola, L., Buikstra, J., Carriquiry, A., Ehrenberg, R. Girgus, J., Leibowitz, A., Morawetz, C.S.,
Taylor, T., Wu, L., Yu, X. National Academy Press. National Academy Press, 365 pp.

Child and Adult Care Food Program- Aligning Dietary Guidance for All. 2011. Murphy, S.P., Birckhead, N.D., Carriquiry,
A.L., Chernoff, R. Coto-Moreno, S., Cullen, K.W., Fox, M.K., Henchy, G., Jensen, H.H., Russell-Tucker, C., Stallings, V.A.,
Tucker, K.L. National Academy Press, 296 pp.

Using Science as Evidence in Public Policy. 2012. Prewitt, K., Bohrnstedt, G.W., Bradburn, N.M., Carriquiry, A.L.,
Cartwright, N.D., Cooper, H., Farrell, M.J., Fienberg, S.E., Jasanoff, S.S., Jervis, R.L., Littan, R.E., Morning, A., Pollak, R.A.,
Schneider, S.H., Schwandt, T.A., Verba, S. National Academy Press. National Academy Press, 110 pp.

Options for Estimating lllegal Entries at the U.S.-Mexico Border. 2013. Carriquiry, A.L., Majmundar, M. Eds. National
Academy Press, 156 pp.

Furthering America’s Research Enterprise. 2014. Celeste, R.A., Griswold, A., Straf, M. Eds. National Academy Press, 200
pp.

Evaluation of the Department of Veterans Affairs Mental Health Services. 2018. Carriquiry, A., Mitchell, A., Aiuppa, L.
Eds. National Academy Press, 440 pp.

Statistics in the Public Interest: In Memory of Stephen E. Fienberg. Carriquiry, A.L., Eddy, W., Tanur, J.M. Springer. In
press.

TEACHING AND INSTRUCTION
PhD students:

e Kevin W. Dodd, 1999 (joint with W. Fuller, Statistics). National Cancer Institute.

e Chad Hart, 1999 (joint with S. Lence, Economics). lowa State University, Dept. of Economics.

¢ Soledad Fernandez, 2001 (joint with R. Fernando, Animal Science). The Ohio State University, Dept. of
Biostatistics.

e Tanzy Love, 2005. Tenured Associate Professor, University of Rochester, Dept. of Statistics.

e Gabriel Camano, 2006. Universidad de la Republica, Uruguay, Dept. of Statistics.

e Wuyan Zhang, 2007 Abbott Laboratories.

e Wen Li, 2009 (joint with C. Yu and W. Kliemann). Merck Laboratories.

e Wei He, 2011 (joint with R. Fernando). Monsanto.

e Kristian Schmidt, 2012. Capital One, Richmond, VA.

e Yu-Yi Hsu, 2013. Food and Drug Administration, Washington, DC.

e Maria Joseph, 2013. General Dynamics, Des Moines, IA.

e Hui Lin, 2013 (joint with Chong Wang). Google Research, Mountain View, CA.

e Reka Howard, 2016 (joint with W. Beavis). Tenure-track assistant professor, Dept. of Statistics, U Nebraska
Lincoln.

e Guillermo Basulto, 2016 (joint with D. Nordman and Kris de Brabanter). Scientist, INTRAN, ISU.

e Brenna Curley, 2017 — Tenure-track assistant professor, Dept. of Mathematics, Moravian College, PA.

e Eduardo Trujillo, 2017 (joint with D. Nordman) — Assistant research professor, Clinical Research and Leadership,
George Washington University.
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e Daniel Ries, 2017 — Scientist, Sandia National Laboratory, Albuquerque, NM.

e Soyoung Kim, 2018. Tenure-track assistant professor, National Pusan University, Busan, South Korea.
e Amy Crawford, 2020 (joint with D. Ommen). Statistical Scientist, Berry Consulting, Austin, TX.

e Nate Garton, 2020 (joint with J. Niemi). Commonwealth Computer Research, Inc., Charlottesville, VA.
e Jason Saporta, 2022 expected (joint with J. Tian).

MSc students:

¢ 38 students completed their MSc in Statistics under my supervision since 1990.
Have supervised, in addition, a Bachelor of Science and a Master of Science thesis from the Pontifical Catholic University
of Chile, a Master of Science thesis from the Catholic University of Valparaiso, Chile, a Master of Science thesis from the
Universidad Nacional Auténoma de México, and the MS of three students in the Department of Nutrition, University of
Antioquia, Colombia. Was member of the doctoral committee of Dr. Lisa Jahns, School of Public Health, University of
North Carolina at Chapel Hill. Was External Examiner of the doctoral dissertation of Mr. Robert Denham, The University
of Newcastle, Australia. Was External Examiner of a doctoral student in the University of Aaborg, Denmark.

Undergraduate students:

Honors Students: Anyesha Rey, Dept. of Statistics, ISU. Emily Allen, Dept. of Statistics, ISU.
Elsewhere: Alexandria Arabio, Forensic Science major in Cedar Crest College in Allentown, PA. Madison McGregor,
Forensic Science major in Columbia College in Columbia, MO.

Have mentored multiple undergraduate students who participated in Research Experiences for Undergraduates in the
Dept. of Statistics and in CSAFE, ISU.

Courses taught
Introductory Statistics Stat 101 (2 times).

Introduction to Business Statistics Stat 226 (1 time).

Business Statistics Stat 326 (1 time).

Applied Business Statistics Stat 328 (1 time).

Applied Multivariate Methods Stat 407 (4 times).

Statistical Methods for Research Workers Stat 401 (3 times).
Design of Experiments for Research Workers Stat 402 (1 time).
Introduction to Bayesian Data Analysis Stat 444 (6 times).

Honors Project Stat 490 (1 time).

Statistical Methods Stat 500 (1 time).

Multivariate Analysis Stat 501 (4 times).

Response Surface Methodology Stat 513 (3 times).

Bayesian Analysis Stat 544 (3 times).

Assessment of Nutritional Status FSHN 572 (1 time, as part of a team).
Mixed Linear Models and Longitudinal Data Analysis (1 time, Chile).

INVITED PRESENTATIONS AND SEMINARS (After 1990)

Bayesian estimation of variance components in mixed linear models. 1V Congress on Genetics Applied to Livestock
Production. Edinburgh, Scotland. July 1990.

Classical and Bayesian approaches to the estimation of variance components in mixed linear models. X Winter School on
Probability and Statistics. CIENES and Pontificia Universidad Catélica de Chile. July 1991.

Topics on Bayesian estimation from components of variance models. First Congress of Mathematics Capricornio.
Universidad Catdlica del Norte, Antofagasta, Chile. August 1991.
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Statistical aspects of the genetic evaluation of livestock. Forum on Livestock Production at the Onset of MERCOSUR.
Instituto Nacional de Investigaciones Agropecuarias (INIA). Montevideo, Uruguay, August 1991.

Approximate Inference for posterior means in mixed linear models. Department of Statistics, Universidad Nacional
Autdnoma de México. Mexico City, Mexico. February 1992.

Topics on estimation and prediction from components of variance models. Xl Winter School on Probability and Statistics.
Pontificia Universidad Catdlica de Chile and CIENES. Santiago, Chile.
July 1992. (Series of 5 invited lectures.)

Computation of posterior modes in mixed linear models. XX Annual Meeting of the Chilean Statistical Society,
Antofagasta, Chile. November 1992.

Posterior surfaces in mixed linear models. NSF-NBER Workshop of the Americas on Recent Advances in Bayesian
Statistics and Econometrics. Caracas, Venezuela. December 1992.

Bayesian approaches to prediction in mixed linear models. Department of Statistics, Carnegie-Mellon University,
Pittsburgh, PA. March 1993.

An overview of Bayesian prediction in components of variance models. Department of Statistics, Purdue University,
West Lafayette, IN. April 1993.

Modern approaches to prediction in mixed linear models. IV Statistics Symposium, Universidad Nacional de Colombia,
Bogotd, Colombia. June 1993.

Classical and Bayesian approaches to components of variance models. Semana de la Estadistica. Universidad Catdlica de
Valparaiso, Valparaiso, Chile. October 1993.

Estimation of usual intake distributions. Department of Statistics, Pontificia Universidad Catélica de Chile, Santiago,
Chile. October 1993.

Bayesian estimation of signal to noise ratios. NSF Conference on Bayesian Hierarchical Models. Rio de Janeiro, Brazil.
December 1993.

Stochastic volatility models: Introduction and an Application. Department of Statistics, lowa State University, Ames, IA.
January 1994,

Stochastic volatility models for futures returns. Department of Finance, lowa State University, Ames, IA. March 1994.

Estimating usual Intake distributions. U.S. Department of Agriculture, Human Nutrition Information Service. Hyattsville,
MD. April 1994.

Economic - environmental models: Applications in agriculture. Department of Natural Resources, Universidad Auténoma
de Chihuahua, Chihuahua, Mexico. May 1994.

Dietary assessment: A comparison of different procedures. Food and Drug Administration, Center for Food Safety and
Applied Nutrition, Washington, D.C. June 1994.

Robust QML for stochastic volatility. International NSF-NBER Forecasting, Prediction and Modeling in Statistics and
Econometrics Meeting. Hsinchu, Taiwan, December 1994.
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Improved quasi-maximum likelihood for stochastic volatility models. Learning and Knowledge: 19th Annual Conference
of the German Classification Society. Basel, Switzerland, March 1995.

Exploring stationary surfaces for Markov chain Monte Carlo iterations. Department of Statistics, University of
Washington, Seattle, WA. May 1995.

ISU Method and software for estimating distributions of usual nutrient intake. Agricultural Research Service (ARS), US
Department of Agriculture (USDA), Hyatsville, MD. May 1995.

Estimation of the usual intake distribution of ratios of dietary components. Agricultural Research Service (ARS), US
Department of Agriculture (USDA), Hyattsville, MD. May 1995.

[Métodos de estimacién en problemas de volatilidad estocastica.]. Il Congreso Iberoamericano de Estadistica, Oaxaca,
Mexico, September 1995.

Change-point problems in agriculture: The case of response to fertilizer. Il World Meeting of the International Society
for Bayesian Analysis (ISBA). Oaxaca, Mexico, September 1995.

Assessing the dietary status of populations. Department of Biostatistics, University of Minnesota, Minneapolis, MN.
October 1995.

Assessing the proportion of the population at dietary risk: A brief commentary. Meeting of the Food and Nutrition
Board, Institutes of Medicine, National Academy of Sciences. Washington, D. C., December 12 1995.

Statistical issues in multi-target tracking. Tracker Workshop. NRaD, U.S. Navy, San Diego, California, February 6 — 8 1996.
Transformation of dietary intake records into estimates of population intakes. Invited special address in the Session:
New Perspectives Underlying Recommended Dietary Allowances: Food and Nutrition Board Update, Washington, D.C.,

April 17 1996.

A Bayesian hierarchical approach to change point problems. German Cancer Research Institute, Heidelberg, Germany,
June 17 1996.

Mixed models with dynamic random effects. lll Congreso Latinoamericano de Sociedades de Estadistica (Ill CLATSE).
Santiago, Chile. October 9 1996.

Methodological issues in defining dietary recommendations. Defining Dietary Recommendations Workshop. Center for
Human Nutrition and Biostatistics Department, Johns Hopkins University, Baltimore. October 24 1996.

Improved maximum likelihood for stochastic volatility estimation. Department of Statistics, Pontificia Universidad
Catolica de Chile, Santiago, Chile. November 1997.

Estimation of genetic trend. IV World Congress of the International Society for Bayesian Analysis (ISBA). Capetown,
South Africa. December 19 1996.

Analyses of dietary intake data. Institute for Statistics and Decision Sciences, Duke University, Durham, NC. April 1997.

Highest density gates for multiple target tracking. V Congreso de Matematicas Capricornio. Antofagasta, Chile, July 30
1997.

Metamodeling for environmental policy evaluations. Joint Statistical Meetings, Anaheim, August 10, 1997.
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Risk assessment based on 24 — hr food intake data. Joint Statistical Meetings, Anaheim, August 13 1997.

Statistical issues in the analysis of dietary intake data. Department of Food Science and Human Nutrition, lowa State
University, Ames, IA. April 1998.

Bayesian methods in dietary assessment. VIl Annual Meeting of the Portuguese Statistical Association. Tomar, Portugal,
June 9 1998.

A maximum entropy approach to estimating the prevalence of nutrient inadequacy. Sixth Purdue Symposium on
Statistics, Workshop on Nutrition and Statistics. Purdue University, West Lafayette, Indiana, June 18 1998.

Assessing the prevalence of nutrient inadequacy. 81st Annual Meeting and Exhibition of the American Dietetic
Association. Kansas City, Kansas, October 19 1998.

Using reversible jump MCMC to estimate the density of usual nutrient intake. Department of Statistics, Purdue
University, West Lafayette, IN. March 1999.

Analyses of dietary intake data. Department of Statistics, University of lowa, lowa City, IA. April 1999.

Preliminary methodological investigation of the Supplementary Nutrition Survey of Older Americans. Experimental
Biology Meetings, Washington, D. C., April 19 1999.

Issues in the analysis of complex dietary intake surveys. Department of Statistics, Pontificia Universidad Catdlica de
Chile, Santiago, Chile. June 1999.

Analysis of the non-response in the Supplementary Nutritional Survey of Older Americans. National Conference on
Health Statistics, Centers for Disease Control and Prevention. Washington, D.C., August 4 1999.

A Bayesian approach to estimate the density of a random variable observed with measurement error. Department of
Biostatistics, University of Rochester, Rochester, NY. October 1999.

Adjusting intake distributions and estimating prevalence of nutrient inadequacy. Department of Nutrition and
Epidemiology, School of Public Health, University of North Carolina, Chapel Hill, NC. November 1999.

Do bullets have fingerprints? Fourth International Conference on Forensic Statistics, North Carolina State University.
Raleigh, North Carolina, December 6 1999.

A hierarchical model to adjust for heterogeneous measurement error. Sixth World Meeting of the International Society
for Bayesian Analysis, Crete, Greece, May 31 2000.

A method to assess the proportion of undernourished individuals in a population. Sixth International Conference on
Dietary Assessment. Tucson, Arizona. September 19 2000.

Technical efficiency in the use of a single input. Workshop of the Midwest Econometrics Group. Chicago, October 20-21
2000.

Exploring the surface of a product form poly-t density. Department of Biostatistics, University of Minnesota,
Minneapolis, MN. December 2000.

Estimation of the distribution of a random variable measured with error. Workshop on Robust Statistics. Argentinean
Academy of Exact Sciences, March 4 —9 2001. Buenos Aires, Argentina.
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Forensic statistical methods for ballistic trace evidence. Los Alamos National Laboratory, Santa Fe, NM. May 2001.

An analytical approach to estimation in mixed models. IV Bayesian Statistics Workshop. Northern Catholic University,
Antofagasta, Chile, October 1 2001.

Non-linear, non-Gaussian models for target tracking. Meetings of the Chilean Statistical Society, Antofagasta, Chile,
October 3 2001.

Assessing nutrient adequacy in the U.S. Meeting of the American Society of Public Health, Atlanta, GA, October 22 2001.

Statistical methods for assessing trace evidence. | Congreso Bayesiano de América Latina, Ubatuba, Brazil, February 4
2002.

An analysis of the volatility of the British pound to guide arbitration. Department of Statistics, Stanford University, Palo
Alto, CA. February 2002.

Using the Dietary Reference Intakes for group and individual assessment. School of Public Health, University of North
Carolina at Chapel Hill, NC. March 2002.

Estimating usual intake distributions. Workshop on the Integrated NHANES survey: What We Eat in America. United
States Department of Agriculture and Department of Health and Human Services, Rockville, Maryland, June 20-21 2002.

An analysis of the volatility of the British pound to guide arbitration. Fifth International Conference on Forensic
Statistics, Venice, Italy, September 1 2002.

Estimating the distribution of usual nutrient and food intakes. Fifth International Conference on Dietary Assessment,
Bangkok, Thailand, January 26 2003.

Estimated association between added sugar and micronutrient intake using nationwide food consumption data. ILSI,
March 22 2003.

Challenges in the application of the Upper Tolerance Levels (UL) to dietary assessment. ILSI, March 23 2003.
Assessing usual nutrient intakes. National Cancer Institute, September 3 2003.
Series of invited lectures at the Latin American Congress on Nutrition, Acapulco, Mexico, November 10 — 14 2003.

EDA, Bayes, and the subjectivist versus objectivist controversy. Panel discussion, Eighth World Meeting of ISBA, Vifia del
Mar, Chile, May 22 — 27 2004.

The probative value of bullet lead evidence. Sixth International Conference on Forensic Statistics, College of Law, Arizona
State University, Tempe, AZ, March 17-19 2005.

The analysis of microarray data. Keynote address, Conference on Statistics Applied to Agriculture, Kansas State
University, Manhattan, KS, April 25 2005.

Estimation of usual nutrient exposure. Workshop on Nutrient Risk Assessment, World Health Organization, Geneva,
Switzerland, May 2-6 2005.

An analysis of the volatility of exchange rates in a financial forensic problem. Dept. of Economics, lowa State University,
Ames, IA. May 2005.
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Quantitative approaches to dietary assessment. Conference of the Brazilian Society of Nutrition, Sao Paulo, Brazil,
November 17 2005.

Sampling issues in the construction of nutrient compositional databases. Conference of the Brazilian Society of Nutrition,
Sao Paulo, Brazil, November 18 2005.

Incorporating multiple array scans in the analysis of microarray data. Departments of Statistics and Biostatistics,
University of Wisconsin at Madison, WI. December 2005.

The many flavors of Bayesian analysis: an illustration using four-lane to three-lane conversion data from lowa. Annual
meeting of the Transportation Research Board, Washington, D.C., January 2006.

Sources of error in forensic analyses; what matters and what doesn’t. Joint Statistical Meetings, Seattle. August 7 2006.

Dietary assessment using intake data from complex surveys. Annual meeting of the Colombian Society of Nutrition,
Medellin, Colombia, August 10 2006. (Keynote address).

Estimating the probability of a coincidental match in bullet lead analysis. Department of Statistics, Michigan State
University, Lansing, MI. March 2007.

Graduate statistics education in Vietnam. Joint Statistical Meetings, Salt Lake City, Utah, August 2007.

Statistical issues in food intake assessment and planning. Academy for Educational Development, Washington, D.C.
August 2007.

Statistical methods to guide food and nutrition policy in developing countries. Infinite Possibilities Conference. Raleigh,
NC, November 1 2007.

Challenges in the analysis of periodically consumed foods and other substances. Office of Dietary Supplements, National
Institutes of Health. Bethesda, MD. December 5 2007.

Revisiting stochastic volatility models. Department of Statistics, Catholic University of Chile. May 2008.

Clustering posterior densities. Conference in Honor of Daniel Gianola’s 65" Birthday. University of Wisconsin — Madison,
May 6 —9 2009.

Divergence metrics to cluster densities. Department of Statistics, University of Toronto, Canada. September 2009.

Assessing the probative value of evidence. Plenary talk. Annual Meeting of the Texas Defense Lawyers Association,
Houston, TX., October 21 2009.

How well are women faring? A comparison of men and women in Rl universities at critical transition points. Washington
Statistical Society, Washington, D.C. October 28 2009.

Statistical challenges in the analysis of dietary intake observations. National Academy of Sciences, Washington, DC.
February 2010.

How well are women faring? A comparison of men and women in Rl universities at critical transition points. Presidential
Invited Address. Annual Meeting of the Western American Region of the International Biometric Society. June 2010.

Designing and analyzing dietary intake data. Conference on Probability and Statistics. Renmin University, Beijing, China,
July 2010.
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Evaluating and planning intakes and their impact on nutrition policy in The Philippines. Food and Nutrition Research
Institute. September 2010.

Dietary and physical activity assessment — some methodological issues. Joint Statistical Meetings, Miami, FL, August
2011.

Statistics in nutrition and health. Department of Biostatistics, University of Rochester, NY. October 2011.

Analyzing physical activity data to guide policy. Xl Latin American Congress on Probability and Mathematical Statistics,
Vifia del Mar, Chile, March 2012.

Software for dietary assessment. ICDAM, Rome, Italy, May 2012.

Using toxicological risk assessment principles from a nutrition perspective. ILSI, Washington, June 2012.

A risk/benefit approach to assess nutrient intake — Do we need a new DRI? ILSI Annual Meeting, Miami, January 2013.
Biomarkers in nutrition epidemiology. ENAR Meetings, Orlando, FL, March 2013.

A measurement error model for physical activity data. International Conference on Diet and Activity Methods. June
2013.

Argentina and its corrupt statistical system -- When intervention by the judiciary is a good thing. World Statistical
Congress, Hong Kong, China, August 2013.

Statistical issues in nutrition epidemiology. Department of Statistics, University of Nebraska, Lincoln, NE. September
2013.

IMAPP: A new tool to assess and plan intakes. International Congress on Nutrition. Granada, Spain, September 2013.
Statistics and public policy. StatFest. Rice University, Houston, TX. October 2013.

A statistician’s look at STAR METRICS — Sample size, validation, measurement error. STAR METRICS Level | Workshop.
Bethesda, MD, November 2013.

Measurement error in biomarker data. National Institutes of Health, Office of Dietary Supplements. Gaithersburg, MD.
November 2013.

Statistical tools to work with big data. Pontifical Catholic University of Chile, Santiago, Chile, November 2014.

Adjustment for within-person variability in serum 25(0OH)D. Workshop on Vitamin D Assessment, Office of Dietary
Supplements, NIH. Bethesda, MD. December 2014.

Design, analysis and interpretation of national food consumption surveys. Ministerio de Bienestar Familiar, Bogota,
Colombia. July 2015.

How to Lie with Statistics and the Veterans Administration. Joint Statistical Meetings, Seattle, WA. August 2015.

Statistical methods in nutrition epidemiology. International Center for Tropical Agriculture, Cali, Colombia. September
2015.
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Survey non-response and approaches to prevent and correct its effects. Annual Meeting, Sociedad Uruguaya de
Estadistica, Montevideo, Uruguay. October 2015.

From daily intakes to usual intake distributions. Latin American Congress on Nutrition, Punta Cana, Dominican Republic.
November 2015.

Introducing CSAFE. Midwest Crime Lab Directors’ Meeting, Kansas Criminal Bureau of Investigations, Topeka, KS, June
2016.

Statistics and applications in forensic evidence. Annual Meeting of the International Biometric Society. Victoria, BC, July
2016.

Statistics for pattern evidence. World Congress of ISBA, Sardinia, Italy, July 2016.

Bivariate kernel deconvolution density estimation: an application to vitamin D absorption. Workshop on Advances and
Critical Needs in Measurement Error Modeling. Banff International Research Station, Banff, Canada, August 2016.

Databases in forensic research and casework: completeness, representativeness, usefulness. Workshop on Probability
and Statistics in Forensic Science. Isaac Newton Institute, University of Cambridge, Cambridge, UK. September 2016.

Advances in automated matching of bullet lands. Annual Meeting of the Royal Statistical Society, Manchester, UK.
September 2016 (had to cancel at the last minute.)

Putting science in forensic sciences (and in many other places). Celebration of Stephen Fienberg. Carnegie Mellon
University, Pittsburgh, October 2016.

How to select a research topic. Conference for Women in Statistics. Charlotte, NC. October 2016.
Remembering Stephen E. Fienberg. International Conference in Forensic Statistics, Minneapolis, MN September 2017.

Statistics and the law. Annual Meeting of the Sociedad Uruguaya de Estadistica, Montevideo, Uruguay, September
2017.

Inference for the 21° century: beyond p-values. Symposium on Statistical Inference, Washington, DC October 2017.
Forensic statistics. Women in Statistics Conference, San Diego, CA, October 2017.

Statistics and the fair administration of justice. American Association for the Advancement of Science annual meeting.
Austin, TX, February 2018.

The analysis of dietary intake data. School of Medicine, Peking University, Beijing, China, May 2018.
Statistics and forensic evidence. Department of Statistics, Peking University, Beijing, China, May 2018.

Quantitative evaluation of evidence. American Bar Association annual meeting, Fordham University, New York City, NY,
June 2018.

Two-step approach for firearms examination. Association of Firearms and Toolmark Examiners annual meeting,
Charleston, WV, June 2018.

Design of food consumption surveys in Latin America. Meeting of the Pan-American Health Association, Mexico City,
Mexico, July 2018.
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Sample size estimation for nationwide food consumption surveys. National Institute of Nutrition, Hanoi, Vietnam, July
2018.

Machine learning in forensic science. ASA annual meeting, Vancouver, BC, August 2018.

Research program in CSAFE. International Association of Identification annual meeting, San Antonio, TX, August 2018.
Statistics in the Courts. American Bar Association, Judicial Section annual meeting. Chicago, IL, August 2018.

Design of a nationwide food consumption survey in Kenya. FAO, Nairobi, Kenya, August 2018.

Machine learning and forensic evidence. Division of Behavioral and Social Sciences and Education, National Academy of
Sciences, Washington, DC. October 2018.

Building successful professional collaborations. Conference for Women in Statistics (Plenary talk). Cincinnati, OH.
October 2018.

Nutrient and food consumption in Colombia. University of Antioquia, Medellin, Colombia, October 2018.

Statistics and the law. Science Achievement Lecture, College of Science, Pennsylvania State University, State College, PA.
November 2018. Inaugural Lecture.

Statistical challenges in the analysis of pattern evidence. Center for Integrity in Forensic Sciences Inaugural Meeting.
Washington University School of Law, St. Louis, MO. December 2018.

Learning algorithms and forensic evidence. Women in Data Science Conference, College of Engineering, Stanford
University. February 2019.

Statistics and the Fair Administration of Justice. Hari Shankar Lecture. Department of Mathematics, University of
Northern lowa. April 2019.

Statistics and the evaluation of forensic evidence. Sandia National Lab, Albuquerque, NM. May 2019.

Forensic analysis of handwriting. Latin American Congress on Bayesian Statistics (COBAL). Pilar Iglesias Lecture.
Pontifical Catholic University of Peru, Lima. June 2019.

Machine learning and forensic evaluation of pattern evidence. Joint Statistical Meetings, Denver, CO. July 2019.
Decisions in the forensic context. SAMSI Working Group on Statistical Decision Theory. Raleigh, NC. August 2019.

Similarities between outsole impressions using SURF. Annual meeting of the International Association for Identification,
Reno, NV. August 2019.

Using machine learning to match striae pattern on land-engraved areas of bullets. SimStat Conference, Salzburg,
Austria. September 2019.

Using machine learning to match striae pattern on land-engraved areas of bullets. Annual meeting of the European
Network of Forensic Science Institutes, Section on Firearms and Toolmarks. Krakow, Poland. October 2019.

Data science and forensic applications. 45" Annual Meeting of the Chilean Statistical Society. Puerto Varas, Chile.
October 2019.
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Statistics and the fair administration of justice. lowa Louis Stoke Alliance for Minority Participation (LSAMP) , University
of Northern lowa, Waterloo, IA. February 2020.

Statistical learning algorithms and the evaluation of forensic evidence. Third Data Science Symposium, College of Liberal
Arts and Sciences, South Dakota State University, Brookings, SD. February 2020.

A statistician’s look at Risk Assessment Tools. Annual Conference, Judicial Division of the American Bar Association.
Austin, TX. February 2020.

Quantifying the similarity between shoe outsole impressions. Annual Meeting of the American Academy of Forensic
Sciences, Anaheim, CA. February 2020.

Assessing and planning nutrient intake for populations. US-AID, Washington, DC. February 2020.
P-values are rarely used in forensic science — That is (not) too bad. NISS Webinar, May 6 2020. (Virtual)

Who wrote it? A hierarchical model for forensic handwriting analysis. Dept. of Statistics, University of California Irvine,
October 29 2020. (Virtual)

Research and training in CSAFE. Canadian Forensic Science Firearms Symposium, November 4 2020. (Virtual)

Statistics, mathematics, and the fair evaluation of evidence. Canadian Mathematical Society, Inaugural MITACS
Innovation Lecture, December 4 2020. (Virtual)

[Note: Most of the conferences to which | was invited to speak after March in 2020 were rescheduled for 2021.]
Toward more science in forensic science. Law School, College of William and Mary. March 3 2021. (Virtual)

The forensic analysis of handwriting. Webinar, CSAFE, March 11 2021. (Virtual)

Machine learning and the fair evaluation of forensic evidence. Women in Data Science, ISU. March 25 2021. (Virtual)

A hierarchical model for forensic handwriting analysis. Department of Statistics, University of Nebraska Lincoln. March
31 2021. (Virtual)

Forensic handwriting analysis at CSAFE. Annual Conference of the European Association of Questioned Document
Examiners (ENFHEX). June 17 2021. (Virtual)

CSl Bayes: Comparing and interpreting images in forensic evaluations. World Meeting of the International Society for
Bayesian Analysis, plenary Foundational Lecture. June 29 2021. (Virtual)

Footwear research in CSAFE. Annual meeting of the International Association for Identification. Nashville, August 3
2021.

Statistics in the pursuit of justice: A more principled strategy to analyze forensic evidence. Joint Statistical Meetings,
F.N. David Lecture. August 12 2021. (Virtual)

Pattern evidence research in CSAFE. Annual meeting of the American Society of Crime Lab Directors. Boston, August 24
2021.

Toward the quantitative evaluation of patterns evidence. Department of Forensic Science, University of Cordoba,
Argentina. September 4 2021. (Virtual)

33

C Alicia Carriquiry CV 48



Forensic handwriting analysis. Annual meeting of the Scientific Association of Forensic Examiners (SAFE). October 1
2021. (Virtual)

CSl Statistics: How the principled use of quantitative methods can contribute to the fair administration of justice.
Department of Mathematics and Statistics, Carleton College. Math Across the Cannon Lecture. Northfield, October 12

2021.

Quantifying the similarity between images for forensic analysis. Department of Mathematics and Statistics, Carleton
College and St. Olaf College. October 13 2021.

The forensic analysis of handwriting. Congreso Latinoamericano de Sociedades de Estadistica, Plenary Lecture. October
18 2021. (Virtual)

TBA. Department of Statistics, University of Michigan. Ann Arbor, November 5 2021.

SHORT COURSES TAUGHT (After 1990)

[Topicos sobre Regresion Lineal y No Lineal.] Curso-Taller Interamericano Para Usuarios de Estadistica. Organization of
American States/CIENES. Santiago, Chile. June 1990.

Bayesian Econometrics. Department of Agricultural Economics. University of California, Berkeley. May 1993.

[Modelo de Efectos Mixtos y Mejores Predictores Lineales, Insesgados (BLUP).] IV Statistics Symposium, Universidad
Nacional de Colombia, Bogotd, Colombia. June 1993.

Topics in Regression Analysis. Interamerican Center for Statistics. Organization of American States/CIENES. Santiago,
Chile. September 1993.

Sampling Techniques and PC CARP. Sampling Techniques and Applications. Organization of American States/CIENES.
Santiago, Chile. October 1993.

Applied Bayesian Analysis: hierarchical models, numerical methods, and applications in agriculture. International
Statistics Symposium: Statistics in Agriculture and the Environment. Santa Marta,

Colombia, June 1995.

Bayesian approaches to linear models. International Statistics Symposium: Bayesian Statistics. Santa Marta, Colombia,
June 1996.

Bayesian decision theory. African Educational Workshop. Capetown, South Africa, December 1996.

Using the new Dietary Reference Intakes (DRIs) to assess nutrient adequacy. Workshop on Measurement Error
Adjustment Evaluation. School of Public Health, University of North Carolina, November 4 1999.

Statistical methods in forensic science. Short course presented to investigators and agents at the Federal Bureau of
Investigations (FBI). May 8 and 9 2000.

Quantitative assessment of nutritional status, Latin American Congress on Nutrition, November 2003.

Bayesian methods in agriculture, Conference on Statistics in Agriculture, Kansas State University, Manhattan, KS. April 24
2005.
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An introduction to Bayesian data analysis. ENAR Meetings, Tampa, Florida, March 26 2006.
An Introduction to Bayesian data analysis. CDC, Atlanta, Georgia, May 2006.
Bayesian data analysis. Universidad de Costa Rica, May 2007. (Invited, but had to cancel at last minute)

Analysis of geo-spatial data. VI Escuela de Invierno de Analisis Estocastico y sus Aplicaciones, Universidad de Valparaiso,
Chile. July 2008.

Collection, analysis and interpretation of dietary intake data. Instituto Nacional de Salud Publica, Cuernavaca, Mexico.
August 2010.

Collection, analysis and interpretation of dietary intake data. Food and Nutrition Research Institute, Manila, Philippines.
September 2010.

Design and analysis of micro-array experiments. MS Program in Bioinformatics, Universidad de |la Republica, Uruguay.
November 2010.

Chewing over the numbers: how food consumption data drive Nutrition policy. lowa State University, College of Liberal
Arts and Sciences. Dean’s Lecture Series, November 2010.

An introduction to statistical thinking -- lowa Public Defender’s Office. Tama, lowa, June 2011.
Dietary assessment. Universidad La Molina, Lima, Peru. October 2011.

Collection, analysis and interpretation of dietary intake data. Food and Nutrition Research Institute, Jakarta, Indonesia.
May 2012.

Collection, analysis and interpretation of dietary intake data. Instituto Nacional de Salud Publica, Cuernavaca, Mexico.
August 2012.

Assessing and planning intakes. Ministry of Health. Jakarta, Indonesia. January 2013.

Design, analysis and interpretation of nationwide food consumption surveys. Ministry of Health and Human Services.
Quito, Ecuador, April 2013.

Design, analysis and interpretation of nationwide food consumption surveys. Ministry of Health and Human Services.
Bogota, Colombia, December 2013.

Design, analysis and interpretation of nationwide food consumption surveys. Ministry of Family Wellbeing. Bogota,
Colombia, July 2015.

Design, analysis and interpretation of nationwide food consumption surveys. School of Medicine, University of Buenos
Aires. Buenos Aires, Argentina, May 2016.

Introduction to statistics for forensic practitioners. Tri-County Regional Forensic Laboratory, Andover, MN. September
2016.

Using PC-SIDE to analyze the 2015 national food consumption survey of The Philippines. Food and Nutrition Research
Institute, Manila, Philippines. December 2016.

Evaluating and planning intakes. Institute of Public Health, Cuernavaca, Mexico. August 2017.
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Methods to analyze and interpret consumption information from the 2015 Food Consumption Survey in Colombia.
Ministry of Health and Human Services, Bogota, Colombia. September 2017.

Collecting, analyzing and interpreting food consumption information. Ministry of Health, Buenos Aires, Argentina.
December 2018.

Collecting, analyzing and interpreting food consumption information. Department of Nutrition, Universidad de La
Republica, Montevideo, Uruguay. October 2019.

An introduction to machine learning for forensic applications. Annual Meeting of the American Academy of Forensic
Sciences, Anaheim, CA. February 2020.

Statistical thinking for forensic practitioners. Texas Forensic Science Commission, Fall 2020.

Sampling for forensic practitioners. CSAFE, Fall 2021.

PROFESSIONAL PRACTICE
International (1991-2015, not updated between 2015 and 2017):
FAO Kenya. Design of a food consumption survey for Kenya. 2018 — 2019.

Food and Health International (FHI360). Technical assistance on design and analysis of food consumption surveys in
Nigeria, Vietnam and Kenya. 2018 — 2019.

New York Academy of Sciences. Planning intakes. 2018 — 2020.
Food and Nutrition Research Institute, Manila, Philippines. Analysis of the 2015 food consumption survey. 2018.
Ministry of Health. Bogota, Colombia. Design and methods in the 2015 national food consumption survey. 2013.

Ministry of Health and Human Services, Quito, Ecuador. Training on dietary assessment methods and analysis of the
2012 nutrition survey. 2013

Ministry of Health, Jakarta, Indonesia. Training on dietary assessment methods and analysis of the 2010 nutrition
survey. 2013.

Food and Nutrition Research Policy, Philippines. Analysis of the 2003 National Nutrition Survey and training of FNRI
personnel in the analysis and interpretation. 2009 —2011.

Harvest Plus. Baseline analysis and modeling of fortification strategies in Bangladesh, Philippines and Indonesia. 2010 —
2012.

Universidad de Chile, Departamento de Nutricion. Encuesta Nacional de Consumo de Alimentos (ENCA2010),
consultant. 2008 — 2012.

Pontificia Universidad Catolica de Chile, Escuela de Salud Publica Encuesta Nacional de Salud (ENS2008), co-
investigadora. 2008.
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Ministerio de Salud Publica, Chile Encuesta Nacional de Consumo de Alimentos (ENCA) — Statistical Consulting. May
2008 — 2010.

International Food Research Policy Institute Analysis of nutrient intake data from a survey of women and children in
Uganda. July — September 2008.

Academy for Educational Development Analysis of nutrient intake data from the 2005 food intake survey in Palestine,
2005. September — December 2008 and September — December 2009.

Academy for Educational Development Analysis of nutrient intake data from a multiregional food intake survey in
Uganda. 2008.

Academy for Educational Development Analysis of nutrient intake data from the 2003 Philippines survey of women and
children. June 2007 - 2010.

International Food Research Policy Institute Analysis of nutrient intake and diet diversity data using data collected in
Bangladesh. January 2007 — December 2007.

WHO Designing and evaluation food fortification programs in the developing world. A background paper and a suite of
computer programs (with their manuals) will be produced in the context of this project. June 2007 — December 2008.

WHO/FAO Expert on assessing exposure for nutritional risk assessment. May, 2005. A background paper and a report
were written in connection to this assignment.

Colombia 2004 — 2007 — Advisor to the Ministry of Health and Human Services on the design and analysis of a dietary
intake survey. Two reports written to the Ministry of Health and Human Services of Colombia.

New Zealand 2000 — 2002. Advisor to the Ministry of Health and Human Services in New Zealand on the design and
analysis of a dietary intake survey of children.

Center for Indigenous People's Nutrition and Environment, McGill University, Canada 1999 — 2000. Analysis of a
dietary intake survey conducted in Baffin Island to assess the nutritional status and intake patterns of Innuit populations.
A manuscript is under preparation. One MSc student in Statistics (D. Zaun) based his MSc Creative Component on this
project.

EUROSTAT 1997 — 2000. Joint organization of a meeting to discuss the uses of Bayesian methods in Official
Statistics. Collaboration resulted in ISBA 2000, the Sixth World Conference of ISBA, co-sponsored by EUROSTAT.

University of Pasto, Colombia. 1997 — 1999. Analysis of production data of cuyes, (guinea pigs), to assess the
performance of breeding programs. Cuyes provide the main source of protein in the diet of native Colombian and
Equatorian populations in the region. Report submitted to the Dean of the College of Agriculture, 2000.

National University of Colombia. 1993 — 1998. Advice on the establishment of a graduate program in Statistics in Santa
Fé de Bogotd, Colombia. Chaired the committee established by the ASA charged with accreditation of the MSc program
in Statistics at the National University in Colombia, and reviewed plans for a doctoral program in Statistics at the same
institution. A report was written and submitted to the President of the National University of Colombia.

Pontifical Catholic University of Chile. 1995 — 1997. Collaborated in the writing of the proposal for the creation of a PhD
in Statistics at the Catholic University in Chile, that was sent to the Secretary of Education of Chile for approval. The PhD
program in Statistics at the Pontifical Catholic University of Chile, the first in the country, was approved and launched in
1999.
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Ministry of Social Affairs, Vilnius, Lithuania. Spring 1993. Analysis of household expenditure survey data, including
design issues. Estimation of proportion of families living in poverty.

Agriculture CANADA. 1992 — 1994. Development of an integrated agro-ecological economic system to estimate
economic and environmental impacts of agricultural activities in Western Canada. Several reports were written under
this project.

Ministry of Agriculture/USAID, Lusaka, Zambia. Spring, 1992. Adjustment for nonresponse of the 1991 Household
Expenditure Survey. A final report to the Ministry of Agriculture and to USAID was written. Software for non-response
adjustment was written and provided to Zambian officials.

Ukrainian Institute of Agrarian Economics, Kiev, Ukraine. September 1991 — 1994. Issues relating to collection of data
on farm productivity, and efficiency analysis, including the estimation of efficient

frontiers. Several reports and three published articles have been written under this project.

Institute of Economics, Riga, Latvia. Fall 1991 — 1993. Design of household expenditure surveys, adjustment for
nonresponse, and impact analysis due to price restructuring. No report written.

National Association of Milk Producers/GTZ, Montevideo, Uruguay. June 1991 and June 1992. Organization of a
national scheme for selection of genetically superior dairy animals. Including sampling schemes, creation and
management of data bases, and development and adaptation of statistical procedures for estimating breeding values of
animals. A report was written.

National (1991-2013, not updated since then):

Consultant to CDC on development of calibration equations for of urine sodium collected from partial voids. 2011 -
2013.

Consultant to CDC on analysis of iodine intake data. 2012.

Consultant to the Institute of Medicine on estimation of the distribution of serum vitamin D biomarkers and their
association with levels of PTH. 2009 — 2011.

Consultant to Centers for Disease Control and Prevention (CDC) on analysis of folate and folic acid intake and its
association with the incidence of birth defects in the United States. 2010.

Consultant to Center for Disease Control and Prevention (CDC) on analysis of food and supplement intake data. 2007 —
2008.

Consultant to ABT Associates. Analysis of food intake data collected from a nation-wide school breakfast program. 2006.

Consultant to Mathematica Policy Research. Design and analysis of food intake data collected from a federally funded
nationwide school lunch program. 2003.

Expert witness in a murder trial in October 2001. Was certified as an expert in the State of Alaska.
Kemin Industries, Des Moines, |A. Design and analyses of lutein bioavailability trials. 2003.

Consultant to ABT Associates in project entitled Evaluation of the School Breakfast Program Pilot Project. 2001.
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Department of Public Safety, Oklahoma. Analysis of traffic stop, warning, and citation data by the special drug
interdiction units, to investigate whether troopers in certain special operations units engage in racially motivated stops
and citations. 2000 — 2001.

Collaboration with Dr. Hank Harris, School of Veterinary Medicine, lowa State University, Dr. Scot Hurd, National
Animal Disease Center, USDA, and Dr. Barry Weisman, Nextran, on estimation of the risk of public health impacts of
xeno-transplantations. The work involved estimation of risks, elicitation of expert opinion, and combination of expert
opinions into a probability model. 1999 — 2000.

Consulting for Nutrition Research Group, 1999. Analysis of boron intake data. Using boron intake data collected by
Nutrition Research Group, we estimated usual boron intake distributions for various gender/age groups. Report written.

Consulting for Environ, 1999 —2002. Analyses of iron, vitamin A, copper, and zinc intake data, and iron and vitamin A
blood biomarker data. Using data from the two major nationwide dietary surveys, we assessed the nutritional and
health status of all gender/age groups. Report written.

National Pork Producers Council, Des Moines, lowa. Statistical analyses of marketing data and data arising from taste
panel tests. 1997 — 1999. Two reports written.

National Center for Health Statistics, Centers for Disease Control and Prevention. 1996 — 1999. Analysis of the Third
National Health and Nutrition Examination Survey and of the Supplementary Survey of Older Americans. Work has
included research on non-response patterns and imputation for the surveys, assessment of the nutritional status of
populations, estimation of prevalence of nutrient inadequacy, and development of statistical methods to estimate
distribution of usual nutrient intakes with limited data on individual daily intakes. Various reports, several MSc Creative
Components (Y. Liu, G. Camafio) and two manuscripts have resulted from this project.

Affiliate, Law and Economics Consulting Group, San Francisco, California. Statistical analyses of financial data, including
derivatives in the S&P500, and foreign exchange spot, futures, and options returns. 1994 — 1997. Two reports written.
One published paper resulted from this work as well.

United States Environmental Protection Agency (USEPA), Office of Policy Analysis. 1992 — 1995. Development of an
objective system to evaluate the environmental and economic impacts of livestock production. Statistical aspects of the
project include sampling, experimental design, design of computer experiments, and model fitting. Various reports
written under this project. One published manuscript resulted from this work.

Consulting for the United States Environmental Protection Agency (USEPA), Washington, DC, USA. 1991 — 1995.
Assessment of risks from ground water, surface water, and air contamination from agriculture non-point source
pollution. One published manuscript resulted from this project.

Consulting for the United States Department of Agriculture, Human Nutrition Information Service, Washington, DC,
USA. January 1990 to 1998. Estimation of distributions of usual intake of nutrients, and of the proportion of individuals
in the (sub)populations deficient in those nutrients. Various reports, three published manuscripts, various MSc creative
components (B. Bai, J. Goyeneche, K. Dodd) and one doctoral dissertation (K. Dodd) resulted from this work.
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Heike Hofmann

Contact:

2413 Snedecor Hall
Department of Statistics and Statistical Laboratory
hofmann@mail.iastate.edu

Degrees:
Ph.D. Augsburg University (Germany) Statistics Dec. 2000
M.Sc.  Augsburg University (Germany) Mathematics Feb. 1998

(minor in Computer Science)

Professional Experience:

Towa State University appointment:

Professor in Charge Data Science Jan 2021 — June 2023
Interim Professor in Charge Data Science Nov 2019 — Dec 2020
Full Professor Statistics Aug 2013 — present
Associate Professor Statistics Aug 2007 — Aug 2013
Assistant Professor Statistics Jan 2002 — Aug 2007
Iowa State University affiliations:

Core CSAFE faculty Aug 2015 — present
Core Member Bioinformatics and Computational Biology May 2009 — present
Human Computer Interaction May 2009 — present

Positions elsewhere:
Post-Doc  AT&T Labs Florham Park NJ  Statistics March 2001 — Dec 2001
Post-Doc  Augsburg University Mathematics Department Dec 2000 — March 2001

Awards and Honors

ISI Elected Member 2021.

ISU Interdisciplinary Team Research Award 2021, Data Sciences for the Public Good with Todd Abra-
ham, Cassandra Dorius, Shawn Dorius, Jim Reecy, Christopher Seeger, and Adisak Sukul.

ISU Extension and Outreach Excellence in Research-Based Programming Award 2021 to the Data Sci-
ence for the Public Good Young Scholars Program team

Kingland Faculty Fellow 2020-2022
Outstanding Achievement in Teaching LAS, 2020

ASA SPAIG award for CSAFE and NIST partnership; key contributor, 2018.
Mid Career Fxcellence in Research/Artistic Creativity LAS, 2016

Elected Fellow of the ASA 2015.

Early Excellence in Research/Artistic Creativity LAS, 2006
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Resume of Heike Hofmann 2

Best Papers/Competitions:

Managerial Gender Diversity and Firm Performance: An Integration of Different Theoretical Perspec-
tives] Best Macro Paper 2016, with Schwab A., Werbel J.D., and Henriques P.L.. Published in
Group & Organization Management, 41(1), 5-31, 2016, doi: 10.1177/1059601115588641.

Visualizing statistical models: Removing the blindfold. ASA-Wiley Best SAM Paper Award 2016, with
H. Wickham and D. Cook.

Redesigning the traditional logo sequence plot First place in the Redesign Competition of IEEE VisWeek
(with H. Hofmann-Sieber), 2013.

Delayed, Cancelled, On Time, Boarding, ... flying over the USA Second Prize with Dianne Cook and
students from the Statistical Graphics working group, ASA Data Exposition 2009.

Glaciers melt as Mountains warm Second Prize with Dianne Cook and Hadley Wickham, ASA Data
Exposition 2006.

Boom and Bust of Technology Companies at the Turn of the 21st Century First Prize with Dianne Cook,
Hadley Wickham, Junjie Sun and Christian Rottger, IEEE InfoVis Data Contest 2005.

Best Student Papers (I was involved in an advisory role):

The generalized parallel coordinate plot. ASA Statistical Graphics Paper Competition, author: Yawei
Ge, 2020.

Matching Bullets. ASA Statistical Imaging Paper Competition, author: Eric Hare, 2016.

Using the geomnet Package: Visualizing African Slave Trade, 1514 — 1866. ASA Statistical Graphics
Paper Competition, author: Sam Tyner, 2016.

intRo. ASA Statistical Computing Paper Competition, authors: Andee Kaplan and Eric Hare (with
Di Cook), 2015.

The curse of three dimensions: Why your brain is lying to you. ASA Statistical Graphics Paper Com-
petition, author: Susan VanderPlas, 2014.

Are you Normal? The Problem of Confounded Residual Structures in Hierarchical Linear Models. ASA
Statistical Graphics Student Paper Competition, author: Adam Loy, 2013.

Where’s Waldo: Closer Look at Line-up Plots ASA Statistical Graphics Student Paper Competition,
author: Niladri Roy-Chowdhury (with Dianne Cook), 2012.

Visual Statistical Inference for Regression Parameters ASA Statistical Graphics Student Paper Com-
petition, author: Mahbub Majumder (with Dianne Cook), 2011.

External Grants

NISS 153701 Interactive Visualization for Education Data and Statistics $34,364.00, 09/01/2021-
05/31/2022

NSF 19-564 CNS - SCC: 2020-2023, $1,500,000 Overcoming the Rural Data Deficit to Improve Quality
of Life and Community Services in Smart Connected Small Communities, Kimberly Zarecor (PI),
Biswa Das, David J Peters, Susan VanderPlas, Zhengyuan Zhu, HH (senior personnel)

(Non-competitive) 2017-2021: $136,249 Statistical Computing for Exploratory Data Analysis, Schnei-
der Electric.
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Resume of Heike Hofmann 3

GSOC 2019: $6,000 in summer funding for graduate student on the project Parallel Coordinate Plots
in ggplot2 (with Dianne Cook).

GSOC 2017: $5,000 in summer funding for graduate student on the project Systematic living reviews
(with Annette O’Connor).

GSOC 2017: $5,000 in summer funding for graduate student on the project Methods for quantile-
quantile plots in ggplot2 (with Adam Loy).

GSOC 2016: $5,000 in summer funding for graduate student on the project ggmosaic: a geom for
mosaic plots in ggplot?.

NSF DMS 1007877: Collaborative Research on Statistical Inference for Data Displays, P1 with Co-Pls
Dianne Cook, Andreas Buja, Hadley Wickham, $189,974, funded Sep 2010 - August 2014

NIH proposal: Advancing Drug Development from medicinal plants using transcriptomics and metabolomics,
Co-PI (out of about 10), PIs: Joseph Chappell (University of Kentucky), Sarah O’Connor, Dean Del-
lapenna, $3,027,575, funded from Sep 30 2009 - Aug 31 2010. My contribution: statistical analysis of
plant material collected at Iowa State.

NSF DMS 0706949: Statistical Graphics Research in Association with GGobi, Co-PI with Dianne Cook
(PT), $416,461, funded 2007 - 2012

NSF MCB 0416730: Functional Genomics of the Biotin Metabolic Network of Arabidopsis, Co-PI,
$379,996.00, funded (09/01/04 - 08/31/06).

NSF DBI 050267: Arabidopsis 2010: MetNet: Integrated Software for Arabidopsis Systems Biology
Research, Senior Personnel, $969,634, funded (09/01/05 - 08/31/07).

Internal Grants
(Non-competitive) 20162021 subaward over $1,27m from CSAFE Statistical analysis of Bullet match-

ing.

2017 Honors Summer Research Grant: $1,000 funding for Freshman Honor student Ryan Goluch
2016 PIIR DDSI: Bridging the digital divide in data science: invention and refinement of shared data
science infrastructures PI: Hridesh Rajan, I am one of about ten Co-Pls.

LAS Strategic Initiatives Proposals, GE Health Data, $30,000 (with D. Cook), 2011.

LAS Foreign Travel Grant, $860, 2008.

LASCAC COLL grant, mysql Database for online storage of course material, $4,000.

LAS Foreign Travel Grant, $513, 2005.

Refereed Journal Articles

1. Hofmann H., VanderPlas S., Carriquiry A.: Treatment of Inconclusives in the AFTE Range of
Conclusions, Law, Probability and Risk, 19(3-4), 2021, 317-364.

2. VanderPlas S.,; Rottger Chr., Cook D., Hofmann H.: Statistical Significance Calculations for
Scenarios in Visual Inference, STAT, 10(1), €337, 2021, doi:http://dx.doi.org/10.1002/stad.
337.

3. Goode K.*, Hofmann H.: Visual Diagnostics of a Model Explainer — Tools for the Assessment
of LIME Explanations, Statistical Analysis and Data Mining, 14(2), 185-200, February 2021,
doihttps://doi.org/10.1002/sam.11500.

4. Ly A*, Berg E., Hofmann H.: Empirical Bayes small area prediction of sheet and rill erosion
under a zero-inflated lognormal model, Biometrical Journal, Dec 2020, 62 (8), 1859-1878, doi:10.
1002/bimj.202000029.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Laurent A.* | Lyu A.*, Kyveryga P. , Makowski D. , Hofmann H., Miguez F.: Interactive web-

based data visualization and analysis tool for synthesizing on-farm research networks data, Re-
search Synthesis Methods, 2020, doi:10.1002/ jrsm. 1440.

VanderPlas S., Hofmann H., Nally M., Klep T., Cardoval C.: Comparison of three similarity
scores for bullet LEA matching, Forensic Science International, Mar 2020, #110167, doi:10.
1016/j.forsciint.2020.110167.

VanderPlas S., Hofmann H., Cook D.: Testing Statistical Charts: What makes a good graph?, An-
nual Review of Statistics and Its Application, doi:10.1146/annurev-statistics-031219-041252.

. Rice K.*, Genschel U., Hofmann H., A Robust Approach to Automatic Groove Identification in

3D Bullet Land Scans, Journal of Forensic Sciences, 30(1), 2019, doi:10.1111/1556-4029.14263.

Krishnan G.*, Hofmann H.: Adapting the Chumbley Score to Match Striae on Land Engraved
Areas (LEAs) of Bullets, Journal of Forensic Sciences, 64 (3), 728-740, 2019, doi:10.1111/
1556-4029.13950.

Carriquiry, A., Hofmann, H., Tai, X.H. and VanderPlas, S.: Machine learning in forensic applica-
tions, Significance, 16, 29-35, 2019. doi:10.1111/3.1740-9713.2019.01252.x

VanderPlas S., Goluch R.*, Hofmann H.: Framed! Reproducing 150 year old charts , Journal of
Computational Statistics and Graphics, published online: Apr 2019, https://doi.org/10.1080/
10618600.2018.1562937.

Almeida A.*, Loy A., Hofmann H.: ggplot2 Compatible Quantile-Quantile Plots in R, The R Jour-
nal, 10(2); 248-261, 2018, doi:https://journal .r-project.org/archive/2018/RJ-2018-051/
RJ-2018-051.pdf.

Roy Chowdhury N., Cook D., Hofmann H., Majumder M., Zhao Y., Measuring Lineup Difficulty
by Matching Distance Metrics with Subject Choices in Crowd-Sourced Data. Journal of Graphical
and Computational Statistics, 27(1), 132-145, 2018, doi:10.1080/10618600.2017.1356323.

Hofmann H, Wickham H., Kafadar K.: Letter Value Boxplots, Journal of Graphical and Compu-
tational Statistics, 26(3), 469-477, 2017, doi: 10.1080/10618600.2017.1305277.

Hare E., Hofmann H., Carriquiry A.: Algorithmic Approaches to Match Degraded Land Impres-
sions., Law, Probability and Risk, 16(4), 203-221, 2017, doi:10.1093/1pr/mgx018.

VanderPlas S., Hofmann H.: All of this has happened before. All of this will happen again: Data
Science; a response to D. Donoho’s paper on Data Science , invited submission to Journal of
Graphical and Computational Statistics, 26 (4), 775-778, 2017, doi: 10.1080/10618600.2017.
1385474.

Hare E., Hofmann H., Carriquiry A.: Automatic Matching of Bullet Lands., Annals of Applied
Statistics, 11(4), 2332-2356, 2017, doi: 10.1214/17-A0AS1080.

Loy A., Hofmann H., Cook D.: Model Choice and Diagnostics for Linear Mixed-effects Models
Using Statistics on Street Corners, Journal of Graphical and Computational Statistics, 26(3),
478-492, 2017, doi:10.1080/10618600.2017 .1330207.

Tyner S., Briatte F., Hofmann H., Three approaches to visualizing networks in the ggplot2
framework, R Journal, 9(1), 27-59, 2017, doi: http://rjournal.github.io/archive/2017/
RJ-2017-023/index.html.

Kaplan A., Nordman D., Hofmann H.: An interactive graphical method for community detection
in network data, Computational Statistics, 32(2), 535-557, 2017, doi:10.1007/s00180-016-0663-5.
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21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

VanderPlas S., Hofmann H.: Clusters Beat Trend!? Testing Feature Hierarchy in Statistical
Graphics, Journal of Graphical and Computational Statistics, 26(2), 231-242, 2017, doi:10.1080/
10618600.2016.1209116.

Schloerke B., Wickham H., Cook D., Hofmann H.:, Escape from Boxland: Generating a Library
of High-Dimensional Geometric Shapes, R Journal, 8(2), 243-257, 2016, download: https://
journal.r-project.org/archive/2016-2/schloerke-wickham-cook-etal.pdf.

Cheng X., Cook D., Hofmann H.: Enabling Interactivity on Displays of Multivariate Time Series
and Longitudinal Data, Journal of Computational and Graphical Statistics, 25(4), 10571076,
2016 , doi:10.1080/10618600.2015.1105749.

Loy A., Follett L., Hofmann H.: Variations of Q-Q plots — the Power of our Eyes, The American
Statistician, 70 (2), 202-214, 2016, doi:10.1080/00031305.2015.1077728.

Schwab A., Werbel J.D., Hofmann H., Henriques P.L.: Managerial Gender Diversity and Firm
Performance: An Integration of Different Theoretical Perspectives, Group & Organization Man-
agement, 41(1), 5-31, 2016, doi: 10.1177/1059601115588641, selected as 2016 Best Macro Paper.

Cheng X., Cook D., and Hofmann H.. Visually Exploring Missing Values in Multivariable Data
Using a Graphical User Interface. Journal of Statistical Software, 68 (6), 2015, doi:10.18637/
jss.v068.106.

Loy A., Hofmann H.: Are you normal? The Problem of Confounded Residual Structures in
Hierarchical Linear Models, Journal of Computational and Graphical Statistics, 24(4), 1191-1209,
2015 (accepted in 2014), doi: 10.1080/10618600.2014.960084.

VanderPlas S., Hofmann H.: Signs of the sine illusion - why we need to care, Journal of Com-
putational and Graphical Statistics, 24(4), 1170-1190, 2015 (accepted in 2014), doi: 10.1080/
10618600.2014.951547.

Wickham H., Cook D., Hofmann H.: Visualizing statistical models: Removing the blindfold,
Statistical Analysis and Data Mining: The ASA Data Science Journal, paper with discussion,
2015, doi: D0I:10.1002/sam.11271.

Timo Sieber and Eric Hare and Heike Hofmann and Martin Trepel: Biomathematical Description
of Peptide Library Properties, PLoS ONE 10(6), 2015, 0129200, doi: 10.1371/journal.pone.
0129200.

Hare E., Buja A., Hofmann H.: Manipulation of Discrete Random Variables with discreteRV, R
Journal, 7(1), 185-194, 2015.

Alekel DL, Genschel U, Koehler KJ, Hofmann H, Van Loan MD, Beer B, Hanson LN, Peterson
CT, Kurzer MS. The Soy Isoflavones for Reducing Bone Loss (SIRBL) Study: Effect of a three-
year trial on hormones, adverse events, and endometrial thickness in postmenopausal women.
Menopause. 22(2):185-197, 2015. PubMed #25003624 (in process). PMCID:PMC4286538
NIHMSID #608546.

Stanfill, B., Genschel, U., Nordman D., Hofmann H. Nonparametric Confidence Regions for the
Central Orientation of Random Rotations, Journal of Multivariate Analysis, 125, 106—116, 2015,
doi:10.1016/j . jmva.2014.12.003.

Roy Chowdhury N., Cook D., Hofmann H., Majumder M., Lee E.K., Toth A.: Using Visual
Statistical Inference to Better Understand Random Class Separations in High Dimension, Low
Sample Size Data, Computational Statistics, 1-24, 2014, doi: 10.1007/s00180-014-0534~-x.
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35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Xie Y., Hofmann H., Cheng X.: Reactive Programming for Interactive Graphics, Statistical Sci-
ence, 29(2), 201-213, 5/2014, doi: 10.1214/14-STS477.

Follett L., Hofmann H., Genschel U.: Effects of the BP Oil Spill: A graphical Exploration,
Computational Statistics, Volume 29, Issue 1-2, pp. 121-132, February 2014

Stanfill B., Hofmann H., Genschel U.: rotations: An R Package for SO(3) Data, The R Journal,
6(1), 68-78, 06/2014.

Andee Kaplan and Eric Hare and Heike Hofmann and Dianne Cook: Can You Buy a President?
Politics After the Tillman Act, CHANCE, vol 27 (1), 2014.

Stanfill B., Genschel U., Hofmann H.: Point Estimation of the Central Orientation of Random
Rotations. Technometrics, 55(4), 524-535, 12/2013. DOI: 10.1080/00401706.2013.826145

Zhao Y, Cook D, Hofmann H, Majumder M, Roy Chowdhury N: Mind Reading: Using an Eye-
Tracker to See How People are Looking at Lineups. International Journal of Intelligent Technolo-
gies and Applied Statistics, 6(4), 393-413, 12/2013.

Loy A., Hofmann H.: HLMdiag: A Suite of Diagnostics for Hierarchical Linear Models in R.
Journal of Statistical Software, 56 (5), 23 pages, 2013, DOI: http://www. jstatsoft.org/v56/
i05b.

Majumder M., Hofmann H., Cook D.: Validation of Visual Statistical Inference, Applied to Linear
Models. Journal of the American Statistical Association, 108(503), 942-956, 2013. DOI:10.1080/
01621459.2013.808157

Hofmann H, Unwin A., Cook D.: Good Practices for Graphics in R, R Journal, Volume 5, number
1, pp. 117-130, June 2013.

Loy A., Hofmann H.: Diagnostic Tools for Hierarchical Linear Models, Wiley Interdisciplinary
Reviews: Computational Statistics., Volume 5, Issue 1, pp. 48 — 61, January/February 2013.

Emerson J., Green W., Schloerke B., Cook D., Hofmann H., Wickham H.: The Generalized Pairs
Plot. Journal of Computational and Graphical Statistics, 22:1, 79-91, 2013.

Newell, M., Cook, D., Hofmann, H. and Jannink, J.-L.: An algorithm for deciding the number
of clusters and validation using simulated data with application to exploring crop population
structure, Annals of Applied Statistics, Vol. 7, No. 4, 1898-1916, 2013. DOI: http://dx.doi.
org/10.1214/13-A0AS671

Wickham H., Hofmann H., Wickham C., Cook D.: Glyph-maps for Visually Exploring Temporal
Patterns in Climate Data and Models. Environmetrics, Volume 23, Issue 5, pp 382 — 393, August
2012.

Wickham H., Cook D., Hofmann H., Buja A.: tourr: An R package for exploring multivariate
data with projections. Journal of Statistical Software, vol. 40, no. 2, pp. 118, 2011.

Shedd-Wise KM, Alekel DL, Hofmann H, VanLoan MD: Three-year soy isoflavone intervention
has moderate effects on pQCT bone measures in postmenopausal women. Journal of Clinical
Densitometry, Assess Skeletal Health, 2011. DOI: 10.1016/j.jocd.2010.11.003.

Matvienko OA, Alekel DL, Bhupathiraju SN, Hofmann H, Ritland LM, Reddy MB, Van Loan
MD, and Perry CD.: Androidal fat mass is the strongest and most consistent predictor of car-
diometabolic risk in healthy postmenopausal women. Cardiology Research and Practice, Article
ID 904878, doi:10.4061/2011/904878, 2011.

David Rockoff, Heike Hofmann: How good is your Eyeballing? CHANCE, vol 24 (2), 2011.
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52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Hofmann H., Cook D., Kielion C., Schloerke B., Hobbs J., Loy A/., Mosley L., Rockoff D., Huang
Y., Wrolstad D., Yin T.: Delayed, Canceled, on Time, BoardingE Flying in the USA. Journal of
Computational and Graphical Statistics, Vol. 20, No. 2, 287-290, 2011.

Marie Vendettuoli, Erin Doyle, Heike Hofmann: Clustering microarray data to determine normal-
ization method. Advances in Computational Biology, Springer, pp. 145-153, 2011.

Hofmann-Sieber H., Wild J., Fiedler N., Tischer K., von Einem J., Osterrieder N., Hofmann H.,
Kostler J. and Wagner R.: Impact of ETIF Deletion on Safety and Immunogenicity of EHV-1
Vectored Vaccines. Journal of Virology, p. 11602-11613, 2010.

J. Hobbs, H. Wickham, H. Hofmann, and D. Cook: Glaciers melt as mountains warm: A graph-
ical case study. Computational Statistics, Invited submission. Special issue for ASA Statistical
Computing and Graphics, Data Expo 2007, 25(4), 569-586, 2010.

Mosley L., Cook D., Hofmann H., Kielion C., and Schloerke B.: Monitoring the Election Visually.,
CHANCE, vol 23 (3), 2010.

Buja A., Cook D., Hofmann H., Swayne D.F., Lawrence M., Lee E.K., Wickham H.: Statistical
Inference for Exploratory Data Analysis and Model Diagnostics. Philosophical Transactions of
the Royal Society, A (Invited), no 367, 4361-4383 2009.

Wickham H., Lawrence M., Cook D., Buja A., Hofmann H., Swayne D.: The plumbing of inter-
active graphics. Computational Statistics, May, 2009, 24, 2, 207-215.

Buja A., Swayne D.F., Littman M., Dean N., Hofmann H., Chen L.: Interactive Data Visualization
with Multidimensional Scaling. Journal of Computational and Graphical Statistics, 17, 2, 444-472,
2008.

Yan A, Kloczkowski A, Hofmann H, Jernigan RL.: Prediction of side chain orientations in proteins
by statistical machine learning methods. Journal of biomolecular structure & dynamics, 3, 275
288, 2007.

Hofmann H.: Interview with a Centennial Chart. CHANCE, 20 (3), pp. 26-35, 2007.

Cook D., Hofmann H., Nikolau B., Wurtele E., Lee Eun-kyung, Yang H.: Exploring gene expres-
sions using plots. Journal of Data Science, 5(2), 2007, pp. 151-182.

Ahn J.S., Cook D., Hofmann H.: A Projection Pursuit Method on the multidimensional squared
Contingency Table. Computational Statistics, Vol 18, pp. 605-626, 2003

Wurtele E.S., Dickerson J.D., Cook D., Hofmann H., Li J., Diao L.:MetNet: software to build
and model the biogenetic lattice of Arabidopsis. Comparative and Functional Genomics. Vol 4,
pp.239-245, 2003.

Hofmann H.: Constructing and reading mosaicplots. Journal of Computational Statistics and
Data Analysis, Vol 43, No. 4, pp. 565-580, 2003.

Unwin A., Hofmann H., Wilhelm A.: Direct Manipulation Graphics for Data Mining. Interna-
tional Journal of Image and Graphics, Vol. 2, No. 1, pp. 49-65, 2002.

Hofmann H.: Generalised Odds Ratios for Visual Modelling. Journal of Computational and
Graphical Statistics, 10, pp 628-640, 2002.

Hofmann H., Unwin A. Wilhelm A.: Data Mining and Statistics - Introduction. Computational
Statistics, 16(3),pp. 317-321, 2001.

Hofmann H., Wilhelm A.: Visual Comparisons of Association Rules. Computational Statistics,
16(3), pp 399-416, 2001.
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70. Wilhelm A., Hofmann H.: Graphics for Categorical Data and their Applications in Data Mining.
In C. Provasi (Ed.), Modelli Complessi e Metodi Computazionali Intensivi per la Stima e la
Previsione, pp. 51-56, 2001.

71. Hofmann H.: Exploring Categorical Data: Interactive Mosaic Plots. Metrika, 51(1), 11-26, 2000.

72. Hofmann H., Theus M.: Selection Sequences in MANET. Computational Statistics, 13(1), 77-87,
1998.

73. Unwin A., Hawkins G., Hofmann H., Siegl B.: Interactive Graphics for Data Sets with Missing
Values - MANET. Journal of Computational and Graphical Statistics, 5(2), pp. 113-122, 1996.

Refereed Proceedings from Major Conferences:

1. VanderPlas S. Hofmann H.: Spatial Reasoning and Data Displays, IEEE Transactions on Visual-
ization and Computer Graphics, InfoVis 2015, vol 22, no 1, pp. 459-68, Jan 2016. DOI:10.1109/
TVCG.2015.2469125 (Acceptance rate about 25%)

2. Hofmann H., Vendettuoli M., Common Angle Plots as perception-true visualizations of categorical
associations, IEFE Transactions on Visualization and Computer Graphics, InfoVis 2013, vol 19,
no 12, pp. 2297-2305, Dec 2013. DOI:10.1109/TVCG.2013.140 (Acceptance rate 25%)

3. Hofmann H., Follet L., Mahbub M., Cook D., Graphical Tests for Power Comparison of Competing
Designs, IEEE Transactions on Visualization and Computer Graphics, InfoVis 2012, vol 18, no
12, pp. 2441- 2448, Dec 2012. (Acceptance rate 27%)

4. Wickham H., Hofmann H.: Product Plots IEEE Transactions on Visualization and Computer
Graphics, InfoVis 2011, vol 17, no 12, pp. 2223 — 2230, 2011. (Acceptance rate 25%)

5. Wickham H., Cook D., Hofmann H., Buja A.: Graphical inference for infovis (best paper). IEEE
Transactions on Visualization and Computer Graphics, 16, pp. 973-979, 2010. (Acceptance rate
26%)

Books:

1. Unwin A., Theus M., Hofmann H. (co-editors): Graphics of Large Datasets. Springer, 2006.
2. Hofmann H.: Graphical Tools for the Exploration of Multivariate Categorical Data. BOD, 2001.
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Book Chapters:

1. Susan VanderPlas, Alicia Carriquiry, Heike Hofmann, James Hamby, Xiao-Hui Tai: An Introduc-
tion to Firearms Examination for Researchers in Statistics, in Handbook of Forensic Statistics,
ed. by D. Banks, K. Kafadar, D. Kaye, and M. Tackett, Boca Raton Florida: CRC Press, 2020.

2. Hofmann H.: Mosaic plots and their Variants. in Handbook of Computational Statistics (Volume
III) Data Visualization, 2008.

3. Hofmann H.: How to Visualize a Million Categories. in Graphics of Large Datasets, 2006.

4. Unwin A., Hofmann H.: New Interactive Graphics Tools for Exploratory Analysis of Spatial Data.
Innovations in GID 5, ed Carver, 1997.

Software

R packages (only CRAN published packages are listed):

- x3ptools — Summer 2018, on CRAN, now on version 0.0.3.9000

- toolmaRk (Jeremy Hadler) — Spring 2018, on CRAN, now on version 0.2.0
- qqplotR (Alexandre Almeida, Adam Loy) — Summer 2017, on CRAN

- ggmosaic (Haley Jeppson) — Summer 2016, on CRAN

- eechidna (with Di Cook, Rob Hyndman, Thomas Lumley, Ben Marwick, Carson Sievert,
Nicholas Tierney, Nathaniel Tomasetti, Fang Zhou) — Spring 2016, on CRAN

- bulletr (Eric Hare) — Fall 2015, on CRAN

- geomnet (Samantha Tyner) — Fall 2015, on CRAN

- gglogo — Fall 2014, on CRAN since Summer 2016, now on version 0.1.3
- peptider (Eric Hare) — Fall 2013, on CRAN

- vinference — Fall 2013

- discreteRV (Eric Hare) — Summer 2013, on CRAN

- ggboxplots — Fall 2012

- ggparallel — Fall 2012 — now, CRAN maintenance (version 0.2.0)

- dbData (Susan Vanderplas) — Fall 2012

- dbGUI (Dason Kurkievic) — Fall 2011

- HLMDiagnostics (Adam Loy), on CRAN

- lvboxplots (Hadley Wickham), on CRAN; added geom functionality in Spring 2016
- MergeGUI (Xiaoyue Cheng), on CRAN

- MissingDataGUI (Xiaoyue Cheng), on CRAN

Invited Talks

TBD
August 2022(7), Comstat, Bologna, Italy, originally planned for Aug 2020.
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Two-Pronged Study of Bullets Fired by Consecutively Rifled Barrels
(with Melissa Nally, Houston FSC) Dec 2021, NIJ Forensic Technology Center of Excellence
Firearm Webinar Series.

Drawing inference from lineups
Oct 2021, Seminar on Data Visualization, CIMAT /INEGI.

Scientific Advances in Toolmark Comparisons
Jan 2021, 6th Annual Questioning Forensics Conference.

Machine Learning in Forensic Science
July 2020, JSM, Philadelphia, online format.

Visualizing US Elections
July 2020, DSSV, Durham, NC, now online format.

A framework for visual inference
June 2020, SDSS, Pittsburgh, PA, now online format.

Immediate interactivity in statistical graphics

Sep 2019, Directions of Statistical Computing (DSC), Stanford University, CA.
Bullet matching with machine learning methods

Sep 2019, talk given by A. Carriquiry, SimStat, Vienna, Austria.
Lessons (To Be) Learned in Dynamic and Interactive Graphics

Aug 2019, JSM, Denver, Co.
Bullet matching with machine learning methods

June 2019, NISS workshop on Preventing Gun Violence, Arlington, VA
Visual Inference: leveraging the power of our eyes.

Mar 2019, DAGstat, Munich, Germany.
Visual Inference: leveraging the power of our eyes.

Oct 2018, Departmental Seminar, Carnegie Mellon University.
A discussion of visual inference.

Sep 2018, Fields Institute, Toronto.

Case validation studies for automatic bullet matching.
Aug 2018, JSM, Vancouver.

Interactive graphics - then and now.
May 2018, SDSS, Baltimore.

Visual Inference - Examples and Discussion.
July 2017, ISI conference, Marrakech, Marokko.

Cutting-edge research in modern statistical sciences: Modern Tools and Impact in data science.
August 2016, JSM.

Visualization for IDA.
July 2016, STRATOS initiative, Banff.
Visual Inference - Examples and Discussion.
April 2016, Seminar, WEHI, Melbourne, Australia.
April 2016, Department seminar, Melbourne University, Melbourne, Australia.
Mar 2016, Department seminar, UTS, Sydney, Australia.
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Matching bullets.
Mar 2016, Numbat working group, Monash University, Australia.

Visual Inference - Examples and Discussion.
Mar 2016, Department seminar, Monash University, Australia.

Clusters beat trend!? Testing feature hierarchy in statistical graphics.
Feb 2016, WOMBAT conference, Melbourne, Australia.

Powerland Significance of Visual Inference
April 2015, Data Visualization & Exploration Tools (Bio-IT World & Expo), Boston, MA.

Discitsston of Graphical Inference
Jan 2014, CCASA, Chicago, IL.

Discussion of Graphical Inference
Jan 2014, NORC, Chicago, IL.

Redesigning the traditional Logo plot
Oct 2013, BioVis, Atlanta, GA.

Discussion of Graphical Inference
Aug 2013, Meaningful Use of Complex Medical Data, Los Angeles, CA.

Tools for Interactive Graphics
Aug 2013, Census Bureau, Washington, D.C.

Painting a Picture of Life in the US - Statistics and the Census Bureau
Aug 2013, JSM 2013, Montreal, Canada.

Graphical Inference
April 2013, Interface Meeting, Orange County , CA.

Discussion of Graphical Inference
Jan 2013, Society for Technology in Anesthesiology Annual Meeting, Scottsdale, AZ.

Interdétive Graphic systems in R
Dec 2012, SAMSI-FODAVA workshop on Interactive Visualization and Analysis of Massive Data,
NC.

Discussion of Graphical Inference
Oct 2012, University of Chicago Illinois, IL.

Facing Off: Power of Visual and Classical Tests
May 2012, Interface Meeting, Houston, Texas.

Can we say that something’s there?
Mar 2012, Augsburg University, Germany.

Statistical Inference for Graphics
Feb 2012, Information Visualization, Visual Data Mining and Machine Learning, Dagstuhl Semi-
nar 12081, Germany.

Statistics Course: Visual Communication
Feb 2012, Miami University, OH.
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Visual Inference (Best of Interface)
Dec 2011, Joint Meeting of Taipei International Statistical Symposium and 7th Conference of the
Asian Regional Section of the TASC, Taipei.

Interactive Statistical Graphics for Data Ezxploration
May 2011, Conference on Probability, Statistics, and Data Analysis, IISA, Raleigh, NC.

Main Direction for Rotation Matrices
April 2011, Augsburg University, Germany.

Inferénde for Graphical Displays

Oct 2010, Workshop on Extreme Scale Visual Analytics, Salt Lake City, UT.
Let the Data Figure!

June 2010, Interface Symposium, Seattle, WA.

January 2010, Antony Unwin’s 60th Birthday, Augsburg, Germany.

Body Composition - Statistical Vantage Point
May 2010, NRWC Workshop, Ames, TA.

Graphical Exploration of Very Large Data
Oct 2009, Army Conference on Applied Statistics, Tempe. AZ.

Visual Assessment of Airline Carriers
May 2009, EURISBISO09, Sardinia, Italy.

Incorporating Interactive graphics into Metabolomics Data Pre-processing)
(with Dianne Cook, Michael Lawrence, Suh-yeon Choi, Eve Wurtele) March 2009, ENAR, San
Antonio.
Visualizing Large Data
May 2008, Large Data Vis Conference, Bremen.
Visualization of Categorical Data
May 2008, Augsburg University.
Statistical Lessons learned from the Netfliz Challenge (with ISU Statistics Team)
October 2007, Winona State University, Winona, MN.

Longitudinal Data in R (with Di Cook)
August 2007, useR! Conference, Ames, Iowa.

Scagnostics for Projection Pursuit
August 2007, Joint Statistical Meetings, Salt Lake City, UT.
Oct 2007, University of Iowa, Iowa City, MN.

Modeling Massive Data Sets: The Netfliz Challenge from a Statistical Perspective (with Dan Nettleton)
May 2007, Spring Research Conference, Ames, Iowa.

Scagnostics for Projection Pursuit
Feb 2007, ENAR meeting, Atlanta, GA.
Variations of Mosaic plots
Aug. 2006, CSC Conference: Workshop on Data and Information Visualization 2006, Berlin,
Germany.
Aug. 2006, Compstat 2006, Rome, Italy.

Boom and Bust of High-Tech Industry at the turn of the Millenium - Data Challenge
Oct. 2005, InfoVis, Minneapolis, MN (part of the award ceremony).
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Interactive biplots for visual modelling
Aug. 2004, Compstat 2004, Prague, Czech Republic.

How to visualize a million bins
Aug. 2003, Joint Statistical Meeting, San Francisco.

How to visualize a million bins
June 2003, International Meeting of the Psychometric Society, Cagliari, Italy.

Graphics - an Ace up a Statistician’s Sleeve
June 2003, WNAR President’s Invited Address June 2003, Golden, Colorado.

Graphical Opportunities in Exploring Microarray Data
May. 2003, Toxicogenomics: Through the Eyes of Informatics, organized by the Virginia Bioin-
formatics Institute and NIEHS, Washington D.C.

How to visualize a million bins
Oct. 2002, 3rd Workshop of Data Visualisation, Rain am Lech, Germany.

How to visualize one million points
Dec. 2001, University of Augsburg, Germany.

Visualisation of Association Rules
June 2001, Interface Symposium, Santa Ana, CA.

Mosaics, Mosaics, and Mosaics
May 2001, 2nd Workshop of Data Visualisation, Washington D.C.

Do you know your feelings? - A statistical analysis of linguistic data
Nov. 2000, Int’l Symposium on Data Mining & Statistics, Augsburg, Germany (talk in German).

Generalised Odds Ratios for Visual Modelling
May 2001, AT&T Research Labs, Statistics Seminar, Florham Park, NJ.
April 2001, Iowa State University, TA.
Feb. 2001, University of Madison, WI.
Aug. 2000, Towa State University, TA.

MANET - an interactive graphical system
Feb. 2000, Cambridge University, UK.
Aug. 1997, AT&T Research Labs, Florham Park, NJ.

Interactive Statistical Graphics
Oct. 2000, CWI Amsterdam, The Netherlands.

Visualisation in Data Mining - Screening Multivariate Categorical Data
Aug. 1999, IS99, Helsinki, Finland.

GUI and Command-line - Conflict or Synerqy?
June 1999, Interface 99, Chicago.

Interactive Biplots
Oct. 1998, NTTS’98, New Techniques and Technologies for Statistics, Sorrent, Italy.
Mosaicplots in an interactive graphical system

June 1998, Yale University, New Haven.

Visualising and Working with Categorical Data
June 1998, Lucent Technologies, Chicago.
June 1998, Visual Insight, Chicago.

Can we see what is not there? Ezploring and keeping track of missings
Aug. 1997, Joint Statistical Meetings, Anaheim.
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Advising:

Graduate Advising:

M.Sc. in progress
Andrew Maloney (Spring 2021)

M.Sc. completed
Wanggian Ju (Summer 2021)
Charlotte Roiger (Spring 2021)
Yawei Ge (Fall 2020)
Joseph Zemmels (Spring 2020)
Eryn Blagg (Spring 2020)
Taikgun Song (Summer 2018)
Kiegan Rice (Fall 2017)
Joe Papio (Summer 2017, Statistics with David Peterson, Political Science)
Sam Helmich (Spring 2015, Statistics)
Samantha Tyner (Spring 2015, Statistics)
Krisoye Smith (Fall 2014, Statistics)
Alex Shum (Spring 2014, Statistics)
Eric Hare (Spring 2014, Statistics)
Andee Kaplan (Spring 2014, Statistics, with Dan Nordman)
Lendie Follett (Spring 2014)
Takisha Harrison (Spring 2013, Statistics, with Ulrike Genschel)
Carson Sievert (Spring 2013)
Dason Kurkievicz (Spring 2012, Statistics, with Ulrike Genschel)
Karsten Maurer (Fall 2011, Statistics)
Bryan Stanfill (Summer 2011, Statistics, with Ulrike Genschel)
Xiang Wu (Fall 2010, Statistics)
Yunhui Cao (Spring 2010, Statistics)
David Rockoff (Spring 2010, Statistics)
Adam Loy (Fall 2009, Statistics)
Danielle Wrolstad (Summer 2009, Statistics)
Rachel Graham (Spring 2008, Statistics)
Dominik Birkmeier (Summer 2007) (Statistics)
Aimin Yan (Summer 2007) (Statistics)
Jie Zhu (Fall 2006) (co-major with Economics)
Hong Bai (Fall 2006) (co-major with Economics)
Junjie Sun (Spring 2006) (co-major with Economics)
Suzanna Stevens (Fall 2005) (Statistics),
Jeff Thostenson (Fall 2005) (Statistics)),
Lifeng You (Spring 2004) (Statistics),

Ph.D. in progress
Wanggian Ju (Statistics)
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Yawei Ge (Statistics, with Yumou Qiu)

Joseph Zemmels (Statistics, with Susan VanderPlas, UNL )
Ganesh-Krishnan (Statistics/HCI)

Jason Saporta (Statistics, with Alicia Carriquiry)

Ph.D. completed
Haley Jeppson (Statistics, Fall 2021)
Katherine Goode (Statistics, Summer 2021)
Xiaodan Liu (Summer 2020, Statistics, with Emily Berg)
Kiegan Rice (Summer 2020, Statistics, with Ulrike Genschel)
Natalia Acevedo-Luna (Summer 2019, BCB co-major with Geetu Tuteja)
Samantha Tyner (Fall 2017, Statistics)
Natalia da Silva (Summer 2017, co-major with Di Cook)
Eric Hare (Spring 2017, Statistics)
Carson Sievert (Fall 2016, Statistics)
Karsten Maurer (Summer 2015, Statistics)
Dr Maurer is an Assistant Professor at Miami University, OH.
Susan VanderPlas (Spring 2015, Statistics)
Dr VanderPlas is an Assistant Professor at the University of Nebraska Lincoln.
Niladri Roy Chowdhury (Spring 2014, co-advisor: Dianne Cook),
Dr Roy Chowdhury is working for Novartis Inc in New Jersey.
Yihui Xie (Fall 2013, co-advisor: Dianne Cook),
Dr Xie is Software Engineer at RStudio, Inc. He is the author of the R package knitr, which has
been transformative in that both he and Dr Wickham have been mentioned by name in David
Donoho’s white paper on ‘50 years of Data Science’ (http://courses.csail.mit.edu/18.337/
2015/docs/50YearsDataScience.pdf) as having large impact on the community: This effort
may have more impact on today’s practice of data analysis than many highly-regarded theoretical
statistics papers. (Donoho, 2015)
Mahbub Majumder (Summer 2013, co-advisor with Dianne Cook)
Dr Majumder is an Associate Professor of Statistics in the Department of Mathematics at the
University of Nebraska at Omaha.
Marie Vendettuoli (Summer 2013, BCB and HCI; co-advisors: Dianne Cook, Eve Wurtele),
Dr Vendettuoil is a Computer Scientist at USDA.
Adam Loy (Summer 2013)
Dr Loy is an Assistant Professor of Statistics in the Department of Mathematics and Statistics at
Carleton College, MN.
Hadley Wickham (Spring 2008, Statistics; co-advisor with Dianne Cook),
Dr Wickham is Chief Scientist at RStudio, Inc. He is adjunct assistant professor of Statistics
at Rice University, and Honorary Associate Professor of Statistics at Auckland University. He
has been elected a Fellow of the American Statistical Association in 2015. He is a member of
the R Foundation and currently serves as the President of the R Consortium. His work is hugely
influential among the statistical computing community: he authored six of the top ten R packages
in 2015; each of these packages was downloaded at least 400,000 times.

Professional Practice

1. Workshops & Conference Organization

- Data Science for the Public Good, lead of the Summer 2021 Young Scholar program for ISU (five
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faculty, nine undergrads, three graduate fellows, two graduate student assistants); mentor and
instructor for one of the projects and teams.

- Data Science for the Public Good, mentor and instructor in the Summer 2020 Young Scholars
program.

- Randomforests: properties and limitations / same gun or different gun? - Quantifying the Sim-
ilarity Between Bullet Striations, half day workshop (with Alicia Carriquiry), AAFS, Anaheim,
CA, Feb 2020.

- Visualization of Biological Data in R, 2.5 day program (with Dianne Cook), SISBID, Seattle,
July 2016. July 2017, July 2018, July 2019, July 2020 (online), July 2021 (online), July 2022
(online).

- Intro to R, Visualizing Data, two sessions (ca 6h total), Midwest Big Data Summer School, Iowa
State, June 2016, July 2017, June 2018.

- Statistical methodology in firearm examination CSAFE sponsored 1.5 day workshop to train
Firearm and toolmark examiners on statistical methodology, introduce participants to the lab
facilities on the ISU campus of CSAFE, and provide details on automatic matching (and some
of its limitation). 8 FTEs from different locations (Houston FSI, St Louis PD, Denver PD, and
Virginia PD) attended the workshop, as well as our technical advisor Alan Zheng from NIST,
Dec 2018.

- Workshop Series in R, five day program, organization, run by graduate students (Haley Jeppson,
Joe Papio, Sam Tyner) at Iowa State, May 2017.

- Workshop Series in R, four day program, organization, run by graduate students (Eric Hare,
Andrea Kaplan, and Samantha Tyner) at Iowa State, May 2016.

- Workshop Series in R, four day program, organization, run by graduate students (Carson Sievert,
Andrea Kaplan, and Eric Hare) at Iowa State, June 2015.

- Workshop Series in R, evening classes, organization, run by graduate students (Karsten Maurer,
Carson Sievert, Susan VanderPlas, and Eric Hare) at Iowa State, Fall 2014.

- Workshop Series in R, four day program, organization, run by graduate students (Karsten Mau-
rer, Susan VanderPlas, and Eric Hare) at lowa State, May 2014.

- Workshop Series in R, four day program, organization, run by graduate students (Karsten Mau-
rer, Susan VanderPlas, and Eric Hare) at Iowa State, August 2013.

- Workshop Series in R, five day program, organization, run by graduate students (Adam Loy,
Karsten Maurer, and Susan VanderPlas) at Iowa State, May 2013.

- Graphics in R and ggobi with Dianne Cook, Winston Chang and Yihui Xie, IEEE Infovis tutorial,
Oct 2012.

- Workshop Series in R, five day program, organization, run by graduate students (Adam Loy,
Karsten Maurer, and Dason Kurkievicz) at Iowa State, August 2012.

- Workshop Series in R, five 5h workshops, run with graduate students (Adam Loy, Karsten
Maurer, and Dason Kurkievicz) at Iowa State, May 2012.

- Graphics in R, invited one-day workshop, Miami University, Feb 2012.
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- SARMA /Ties workshop, Visualization of Climate Data, with H. Wickham and D. Cook, Reyk-
javik, Aug 14-18, 2011.

- Looking at Data (with Dianne Cook, Hadley Wickham), Washington DC, July 2009.
- Visualizing Data with R (with Dianne Cook), Iowa State University, July 2009.

- CE course Graphics of Large Datasets with Antony Unwin taught as a full day short course at
the Joint Statistical Meetings 2008 in Denver, CO.

- Member of the organizing committee of useR! 2007 conference, Ames, TA.

- CE course Graphics of Large Datasets with Antony Unwin taught as a full day short course at
the Joint Statistical Meetings 2007 in Salt Lake City.

- Workshop for the ASA Alaska chapter (with Dianne Cook), Visualizing Multivariate Data, June
2003.

- CE Workshop Visual Data Mining at the Joint Statistical Meetings, Indianapolis 2000.

- CE Short Course Graphical Methods for Categorical Data (with Antony Unwin) at the Interface
Meeting, Chicago 1999.

Service

1. Committee Work

Fall 2019 — VPR Internal Funding Proposal Evaluation Committee

Fall 2017 VPR committee member for internal review of the Virtual Reality Applications Center
Fall 2016 — University Curriculum Advisory Board for Data Science

Spring 2016 - Spring 2017 LAS Development Committee for Major in Data Science

Fall 2015 - Fall 2020 LAS P&T Committee

Spring 2019 Chair Search Committee

2. Committee Work (in the Statistics Department)
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Spring 2019 Data Science Curriculum Advisory Board (Chair since Spring 2020)

Fall 2019 Ad Hoc Committee for Improving Statistics MS and PhD Exam Procedures
Fall 2019 Search Committee (CSAFE)

Fall 2018 — Computation Advisory Committee

Fall 2018 — Honors and Awards Committee

Fall 2015 — Spring 2018 Advisory Committee on Tenure and Promotion (Chair: Fall 2017 — Spring 2018)
Fall 2017 Search Committee

Fall 2017 Search Committee (CSAFE)

Fall 2015 — Fall 2017 P&T Committee (Chair in 2017)

Fall 2014 Search Committee joint with Political Science

Fall 2012 Search Committee joint with Computer Science

Fall 2011 - Spring 2012 Curriculum Committee

Fall 2011 - Spring 2013 Admissions Committee

Fall 2011 - Spring 2012 Library

Fall 2011 - Spring 2015 Student/Faculty Committee on Instruction

Spring 2002 - Spring 2011,
Fall 2012 - Spring 2013 Computation Advisory Committee (Chair: Fall 2009 - Spring 2011)
Fall 2008 - Spring 2015 Undergraduate Committee

Fall 2008 - Spring 2009 Diversity Committee

Spring 2008 Search Committee

Fall 2007 Search Committee

Fall 2005-Spring 2007 MS Exam Committee

Fall 2005 Social Committee

Fall 2003 - Spring 2005 Graduate Admission

Spring 2003 Search Committee

MS Exam question May 2005, 2006, 2007, Jan 2006, 2007, 2008, 2009, 2010

3. Committee Work (for BCB) Spring 2014, Spring 2015, Spring 2016 Graduate Admission Committee

4. Statistical Society

- Member of ASA Advisory Committee on Forensic Science 01/2022 — 12/2024.
- Member of Program Committee Infovis 2013, 2015, 2016, 2017, 2018, 2019, 2020, 2021, 2022.

- Member of the Student Paper Competition Award committee of the Statistical Computing and
Graphics Sections 2018

- Ad-hoc Reviewer for the French Science Foundation, Fall 2021 (one proposal).
- Ad-hoc Reviewer for the Belgian Science Foundation, Fall 2017 (one proposal).
- NSF Panel Member, Oct 2013.

- Board Member of Interface, 2012-2014, 2017—.

- External Reviewer for Doctoral Thesis 2019

- Reviewer for the Austrian Science Foundation, Fall 2012 (one proposal).

- Judge of NSF IGERT Poster Competition 2011, May 15-16, (Evaluated and ranked 20 poster
contributions).

- ASA Statistical Graphics Past Chair, JSM 2013.
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- ASA Statistical Graphics Chair, JSM 2012.
- ASA Statistical Graphics Chair Elect, JSM 2011.
- ASA Statistical Graphics Program Chair, JSM 2010.

5. Conference Organization

- Analysis and interpretation of bullet and cartridge case evidence using 3D technologies, two day
NIST Center of Excellence workshop (with Alicia Carriquiry) at Iowa State - Dec 2020.

- Organizer Interface session: “Interactive Graphics in R”, 2015.
- Painting a picture of the United States session organizer, invited session, JSM 2013.
- Data Expo ’13: Soul of the Community, organizer, JSM 2013.

- Session Organizer of Invited Session, Man AND Machine: the Conversation using the language
of interactive graphics, Interface 2012.

- Session Organizer of Topic Contributed Session, Advances in Statistical Graphics, JSM 2011.
- Session Organizer of Invited Session, Dealing with Large Data, JSM 2008.

- Member of the program committee of the fourth International Conference on Coordinated &
Multiple Views in Exploratory Visualization (CMV2006), July 4th, London, UK.

- Session Organizer, Discrete Data, JSM 2002.

- Member of the Organizing Committee: Third International Workshop on Data Visualization for
large data sets and Data Mining, October 6 - 9, 2002, Augsburg, Germany.

- Member of the Organizing Committee: International Symposium on Data Mining and Statistics,
November 20-21, 2000, University of Augsburg, Germany.

6. Refereeing and Editing

Guest Editor of the Computational Statistics’ special issue on Soul of the Community, 2014.
Associate Editor for Journal of Computational and Graphical Statistics, Feb 2002 - Jan 2005.
Associate Editor for Computational Statistics, Oct 2002 - Oct 2004.

Co-Editor of “Graphics for Large Datasets”.

Guest Editor of the Computational Statistics’ special issue on Data Mining and Statistics, vol. 16
(3), 2001.

Referee for book and book chapters (Springer, Chapman &Hall), and journal submissions (JCGS,
TAS, CSDA, JSS, R Journal, TCGV, Bioinformatics, ...)
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KORI KHAN

1411 Snedecor Hall
2438 Osborn Dr.

Phone:  (515) 294-8929

Email: kkhaneiastate.edu

Ames, IA 50011

EDUCATION

THE OHIO STATE UNIVERSITY, Columbus, OH

MS, StaTisTICS, December 2016
PHD, StATISTICS, August 2020
Advisor: Catherine A. Calder
THE OHI10 STATE UNIVERSITY, Columbus, OH

JD cum laude, May 2015

THE UNIVERSITY OF NORTH CAROLINA AT CHAPEL HILL, Chapel Hill, NC

BSPH, with highest distinction, May 2012

ACADEMIC POSITIONS

IowA STATE UNIVERSITY, Ames, IA

ASSISTANT PROFESSOR IN STATISTICS

PROFESSIONAL EXPERIENCE

TEACHING

Iowa STATE UNIVERSITY
Regression for Social and Behavioral Sciences (Fall 2020)
Statistical Methods for Research Workers (Spring 2021)

OHIO STATE UNIVERSITY

Math and Statistics Learning Center

Recitation Leader: Statistics for Business Sciences

Teaching Assistant: Statistical Modeling for Discovery II

Teaching Assistant: Bayesian Analysis and Statistical Decision Making

CoLumBUS STATE COMMUNITY COLLEGE
Calculus and Statistics Learning Support Specialist

STATISTICAL RESEARCH

INSTITUTE FOR POPULATION RESEARCH AT OHIO STATE
Graduate Research Assistant

August 2020-Present

August 2020-Present

August 2016-August 2017

August 2014-Present

August 2017-August 2019
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MoriTz COLLEGE OF Law CrviL CLINIC May 2016-September 2016
Statistical Consultant

LegAL CrLiNIiCcAL WORK
MoriTz COLLEGE OF LAW JUSTICE FOR CHILDREN CLINIC January 2015-May 2015

Student Legal Intern, Columbus, OH

MoriTz COLLEGE OF Law C1viL Law CLINIC August 2014-May 2015
Student Legal Intern, Columbus, OH

LEGAL AID OF NEBRASKA Summer 2014
Migrant Outreach Law Clerk, North Platte, NE

LEGAL AID SOCIETY OF COLUMBUS Summer 2013
Litigation Law Clerk, Columbus, OH

LEGAL RESEARCH
PROFESSOR AMNA AKBAR AT THE OHIO STATE UNIVERSITY May 2013-August 2015

Research Assistant, Columbus, OH

PROFESSOR MARC SPINDELMAN AT THE OHIO STATE UNIVERSITY May 2014-May 2015
Research Assistant, Columbus, OH

PROFESSOR AMY COHEN AT THE OHIO STATE UNIVERSITY May 2013-May 2015
Research Assistant, Columbus, OH

ELEcTION LAW @ MoORITZ COLLEGE OF LAw January 2014-May 2015
Research Assistant, Columbus, OH

PUBLICATIONS

PEER-REVIEWED

1 Browning, C. R, Calder, C. A., Boettner, B., Tarrence, J., Khan, K., Soller, B., and Ford, J. L. (2021). Neighbor-
hoods, activity spaces, and the span of adolescent exposures. American Sociological Review, 86(2):201-233.

2 Khan, K. and Calder, C. A. (2020). Restricted spatial regression methods: Implications for inference. Journal of
the American Statistical Association, pages 1-13.

IN PROGRESS
1. Khan, K. & Barrett, C., Re-thinking spatial confounding in spatial generalized linear mixed models

2. Khan, K, Luo H., & Xi, W., Computing with R-INLA: Accuracy and reproducibility with implications for the
analysis of COVID-19 data (submitted)

3. Khan, K., The missing data problem in the American criminal justice system

4. Khan, K. & Hughes, E., A database of criminal trials in Franklin County, OH
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Kori Khan 3

TALKS

1. Universidad Publica de Navarra, January 28, 2021 (invited)
Spatial Confounding and Restricted Spatial Regression Methods

2. STAB Seminar, University of Washington, November 17, 2020 (invited)
Restricted Spatial Regression Methods and Implications

3. Computational and Financial Econometrics. London, UK. December 14-16, 2019 (contributed)
Restricted Spatial Regression Methods: Implications for Inference

4. Joint Statistical Meetings. Vancouver, B.C. July 28 - August 2, 2018 (contributed)
A Bayesian Multilevel Dirichlet Regression Model for Adolescent Activity Pattern Data

RESEARCH FUNDING

NIST Forensic Science Center of Excellence: Trial Transcipts (non-competitive) May 2021 - May 2022
(co-PI with Alicia Carriquiry)
Total Funding: $145,962

ADVISING

POS COMMITTEE MEMBER

Jason Saporta (Ph.D Stats) Fall 2021 - Present

Joseph Zemmels (Ph.D Stats) Fall 2021 - Present

Spencer Wadsworth (M.S. Stats) Fall 2021 — Present
SERVICE

ORGANIZED SEMINARS

Source Code on Trial (organizer) March 2021

PROFESSIONAL SERVICE AND OUTREACH

Organization of Scientific Area Committees Statistic Task Group October 2021 — Present
Medicine Scientific Area Committee’s Forensic Nursing Subcommittee October 2021- Present
Scientific Literacy Project August 2020 — Present
Organization of Scientific Area Committees Scientific & Technical Review Panel August 2020 — March 2021
AP Statistics Reader June 2016, June 2017, June 2018
Young Mathematicians Conference August 2016
Ohio State Science Fair Judge May 2016, 2017, 2018
Central District Science Day Judge March 2016
Julia Robinson Math Festival May 2015
COMMITTEES
MS and PhD Exam Committee 2021
Undergraduate Recruitment Committee 2021
Admissions Committee 2021
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Kori Khan 4

STATCOM Advisor 2020-Present
Policy Chair, Sexual Violence Committee at Ohio State University 2013-2014
REFEREE

Bayesian Analysis, Environmetrics, The American Statistician , Journal of the American Statistical Association

BAR ADMISSIONS

West Virginia, United States District Court for the Southern District of West Virginia, Iowa

HONORS AND AWARDS

Distinguished University Fellowship, 2 years, 2015, 2019

Whitney Award, 2019 (Best Research Associate)

Lubrizol Fellowship, Summer 2017

Hite Family Endowment Recipient, full tuition, 2012-2015

Dean’s Scholar 2013-2014 (Top 15%)

CALI Excellence for the Future Award, Middle East Conflict, 2014 (top grade)

CALI Excellence for the Future Award, Dispute Resolution in Employment, 2015 (top grade)
Taylor Summer Undergraduate Research Fellow, 2010

Last updated: December 21, 2021
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349a Hardin Hall North Wing
3310 Holdrege Street

S u Sa n Va n d e r p I a S Lincoln, NE 68483-0961

Curriculum Vitae

14. 2021
13. 2020
12. 2020
11. 2020

402-472-7290
53 susan.vanderplas@unl.edu
® srvanderplas

Education

PhD, Statistics, lowa State University.
Dissertation: The Perception of Statistical Graphics

MS, Statistics, lowa State University.

BS, Psychology & Applied Mathematical Sciences, Texas A&M University.

Professional Experience
Assistant Professor, Statistics Department, University of Nebraska, Lincoln.

Research Assistant Professor, Center for Statistics and Applications in Forensic Evidence,
lowa State University.

Statistical Consultant, Nebraska Public Power District.
Provided individual mentoring and project leadership to continue the Business Intelligence Embedded
Agent program and provide support for R-related projects.

Statistical Analyst, Nebraska Public Power District.

Postdoc, lowa State University Office of the Vice President for Research.

Scholarship

Contribution percentages estimated from git contributions using git fame where possible. Not all projects

have github repositories for which this is meaningful.

Journal Publications

Hofmann, Heike, Susan Vanderplas, and Alicia Carriquiry (2021). “Treatment of Incon-
clusives in the AFTE Range of Conclusions”. In: Law, Probability, and Risk. Submitted
Oct 2020, Accepted Dec 2020.

Contribution: Writing (50%).

Vanderplas, Susan, Christian Rottger, Di Cook, and Heike Hofmann (Nov. 2020). “Sta-
tistical Significance Calculations for Scenarios in Visual Inference”. In: Stat. Accepted Oct
2020.

Contribution: Programming and analysis (30%), Writing (65%).

Vanderplas, Susan, Alicia Carriquiry, Heike Hofmann, James Hamby, and Xiao Hui
Tai (2020). “An introduction to firearms examination for researchers in statistics”. In:
Handbook of Forensic Statistics. Ed. by Banks, D., Kafadar, K., Kaye, D., and Tackett,
M. New York: Chapman and Hall/CRC 2020. por: 10.1201/9780367527709.
Contribution: Writing (50%).

Vanderplas, Susan, Melissa Nally, Tylor Klep, Cristina Cadevall, and Heike Hofmann
(Jan. 2020). “Comparison of three similarity scores for bullet LEA matching”. In: Forensic
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10. 2020
9. 2019
8. 20.19
7. 2019
6 20917
5 20.17
4. 2016
3. 2015
2 20910
1. 29

2. 20.19

1. 20.13

Science International. DOI: 10.1016/j.forsciint.2020.110167.

Contribution: Programming and analysis (20%), Writing (55%).

Vanderplas, Susan, Dianne Cook, and Heike Hofmann (Mar. 2020). “Testing Statistical
Charts: What Makes a Good Graph?" In: Annual Review of Statistics and Its Application
7.1, pp. 13.1-13.28. DOI: 10.1146/annurev-statistics-031219-041252.
Contribution: Writing (85%).

Rutter, Lindsay, Susan VanderPlas, Dianne Cook, and Michelle Graham (2019). “ggeneal-
ogy: An R Package for Visualizing Genealogical Data”. In: Journal of Statistical Software
89.13, pp. 1-31. 1sSN: 1548-7660. DOI: 10.18637/jss.v089.113.

VanderPlas, Susan, Ryan Goluch, and Heike Hofmann (2019). “Framed! Reproducing
and Revisiting 150 year old charts”. In: Journal of Computational and Graphical Statistics.
DOI: 10.1080/10618600.2018.1562937.

Contribution: Programming and analysis (60%), writing (50%).

Sievert, Carson, Susan VanderPlas, Jun Cai, Kevin Ferris, Faizan Uddin Fahad Khan, and
Toby Dylan Hocking (2019). “Extending ggplot2 for linked and animated web graphics”.
In: Journal of Computational and Graphical Statistics 28.2, pp. 299-308. DO1: 10.1080/
10618600.2018.1513367.

Vanderplas, Susan and Heike Hofmann (2017). “Clusters Beat Trend!? Testing Feature
Hierarchy in Statistical Graphics”. In: Journal of Computational and Graphical Statistics
26.2, pp. 231-242. po1: 10.1080/10618600.2016.1209116.

Contribution: Programming and analysis (90%), writing (50%).

Submitted as an invited response to Donoho’s “50 years of Data Science".

Hofmann, Heike and Susan Vanderplas (2017). “All of This Has Happened Before. All
of This Will Happen Again: Data Science”. In: Journal of Computational and Graphical
Statistics 26.4, pp. 775-778. DOI: 10.1080/10618600.2017.1385474.

Contribution: Writing (75%).

Vanderplas, Susan and Heike Hofmann (2016). “Spatial Reasoning and Data Displays”.
In: IEEE Transactions on Visualization and Computer Graphics. DOI: 10.1109/TVCG.
2015.2469125.

Contribution: Programming and analysis (90%), writing (75%).

— (2015). “Signs of the Sine lllusion - why we need to care”. In:
Journal of Computational and Graphical Statistics 24.4, pp. 1170-1190. poI: 10.1080/
10618600.2014.951547.

Contribution: Programming and analysis (50%), writing (60%).

Towfic, Fadi, Susan VanderPlas, Casey A Oliver, Oliver Couture, Christopher K Tuggle,
M Heather West Greenlee, and Vasant Honavar (2010). “Detection of gene orthology from
gene co-expression and protein interaction networks”. In: BMC bioinformatics 11.Suppl 3,
S7. DOIL: 10.1186%2F1471-2105-11-83-87.

Hull, Rachel, Heather Bortfeld, and Susan Koons (2009). “Near-infrared spectroscopy
and cortical responses to speech production”. In: The open neuroimaging journal 3, p. 26.
DOI: 10.2174%2F1874440000903010026.

Other Publications

Carriquiry, Alicia, Heike Hofmann, Xiao Hui Tai, and Susan VanderPlas (2019). “Machine
learning in forensic applications”. In: Significance 16.2, pp. 29-35. bor: 10.1111/j.1740-
9713.2019.01252.x.

Contribution: Writing (50%).

Budrus, Sarah, Susan Vanderplas, and Dianne Cook (2013). “In tennis, do smashes win
matches?" In: Significance 10.3, pp. 35-38. DOI: 10.1111/3j.1740-9713.2013.00665.x.
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In Progress

2020
2023

2019
°

2019
@

2018
°

2018
L

Perception of Log Scales Assessment of perception and use of log scales to display
exponential growth. Data collection stage.

A Convolutional Neural Network for Outsole Recognition Use CNNs to automate
identification of class characteristics in images of footwear outsoles. Revision stage.
Bullet Signature Resampling Method for resampling bullet signatures used to calculate

match and non-match score distributions.

Grants

NIJ R&D in Forensic Science, Automatic Acquisition and Identification of Footwear
Class Characteristics, Pl, Funded, $380,650 total.

NIST, Center for Statistics and Applications in Forensic Evidence, Pl, Funded ($20 million
total, $456,930 sub-award).

USDA CIGOFF, Improving the Economic and Ecological Sustainability of US Crop
Production through On-Farm Precision Experimentation, Pl, Funded ($4,000,000 total,
$400,000 UNL subcontract split between 3 UNL Pls).

USDA NIFA AFRI, Corn Residue Adaptive Grazing Strategies, Collaborator, Funded,
$300,000.

USDA NIFA AFRI, Practical Framework to Facilitate Adoption of In-Season N Manage-
ment Technology in Commercial Fields, Collaborator, Not funded, $300,000.

NSF, Al Institute: AgroAl: The Institute for Advancing Agriculture and Food in a Changing
World Using Al, Collaborator, Not Funded, Total grant $20 million, UNL subcontract
request $3,555,327.

NSF, Overcoming the Rural Data Deficit to Improve Quality of Life and Community
Services in Smart & Connected Small Communities, Pl, Funded ($1,500,000 total, $123,445
subcontract).

USDA AFRI-SAS, A Cyber-Physical System for Data-Intensive Farm Management, P,
Not funded, $3,000,000 total.

NIJ R&D in Forensic Science, Statistical Infrastructure for the Use of Error Rate Studies
in the Interpretation of Forensic Evidence, Collaborator, Funded for FY 2019, $197,699
total, $57,596 ISU sub-award.

NIJ R&D in Forensic Science, Passive Acquisition of Footwear Class Characteristics in
Local Populations, Pl, Not funded, $383,104.

NIJ R&D in Forensic Science, Evaluating Photogrammetry for 3D Footwear Impression
Recovery, Pl, Not funded, $281,755.

Invited Talks

How do you define a circle? Perception and Computer Vision Diagnostics, JSM,
Section on Statistical Graphics, Seattle, WA.

!5 Siv ee Vv id eef "-;‘i FHHHHAAAA > e On A SIERISAP IR v=‘
Fasks, JSM, Section on Statistical Graphics, Online, Session Cancelled due to COVID.
Perception and Visual Communication in a Global Pandemic, Data Science, Statistics,
and Visualization Conference, SAMSI, Online.

A o1 »

One of these things is not like the others: Visual Statistics and Testing in Statistical
Graphics, Data Science Symposium, South Dakota State University, Brookings, SD.
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2021

2021

2021
@
2021

2020
@

2020

L 2
2019
2019
@

2018

2018

2018
°

2018
°

Big Data, Big Experiments, and Big Problems, Plant and Animal Genome, San Diego,
CA.

Statistical Lineups for Bayesians, JSM, Section on Statistical Graphics, Denver, CO.

Clusters Beat Trend!? Testing Feature Hierarchy in Statistical Graphics, SDSS,
Reston, VA.

Animint: Interactive Web-Based Animations Using Ggplot2's Grammar of Graphics,
JSM, Seattle, WA.

The curse of three dimensions: Why your brain is lying to you, JSM, Section on
Statistical Graphics Student Paper Session, Boston, MA.

Contributed Talks
Welcome to Forensic Statistics, Data Mishaps Night, Online.

Framed! Reproducing 150 year old charts, JSM, Vancouver, BC.
A Bayesian Approach to Visual Inference, JSM, Baltimore, MD.

Clusters Beat Trend!? Testing Feature Hierarchy in Statistical Graphics, JSM,
Chicago, IL.

Visual Aptitude and Statistical Graphics, InfoVis, Chicago, IL.

Animint: Interactive, Web-Ready Graphics with R, Great Plains R User Group, Sioux
Center, IA.

Do You See What | See? Using Shiny for User Testing, JSM, Boston, MA.

Signs of the Sine lllusion — why we need to care, JSM, Montreal, ON.

Internal Talks
Exploring Rural Quality of Life Using Data Science and Public Data, QQPM Seminar.

Inconclusive Conclusions: Biases and Consequences, Law and Psychology Brown Bag
Seminar.

Visual Statistics: Communication and Graphical Testing, Animal Science Seminar.
How to Make Good Charts, Biological and Systems Engineering GSA.

Statistical Evaluation of Firearms and Toolmark Evidence, Statistics Department
Seminar.

Software
Dates show initial involvement; only packages which are no longer maintained have end dates.

vinference, Analysis of visual inference experiments.

ShoeScrubR, Cleaning shoe print data for future statistical analysis.
groovefinder, Identification of grooves in scans of bullet land engraved areas.
ShoeScrapeR, Acquisition of Shoe Images and Metadata from Online Retailers.
bulletxtrctr, Automated matching of 3d bullet scans.

x3ptools, Reading, manipulating, and visualizing x3p files.

bulletsamplr, Resampling of bullet signatures.
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2018

2013
—
2015

2021

2020
L 2

2020
°

2013
|
2014

2021

2020
-
2021

2020
-
2021
2020
°

2019
|
2021

2019
-
2020

2018
-
2019

ImageAlignR, Image registration algorithms for forensics.

animint, animated, interactive web graphics for R using d3.js.

Teaching

Stat 218 - Introduction to Statistics, University of Nebraska, Lincoln, Online,
asynchronous.

Stat 850 - Computing Tools for Statisticians, University of Nebraska, Lincoln, Hybrid,
flipped classroom, synchronous, Course materials: https://srvanderplas.github.io/unl-
stat850//.

Stat 218 - Introduction to Statistics, University of Nebraska, Lincoln, In person
synchronous.
Mean evaluation: 4.2, Median: 4.0

Stat 585 - Data Technologies for Statistical Analysis, lowa State University, In person
synchronous.
Co-taught, assisted with curriculum development. Mean evaluation: 4.92, Median: 5.0

Business Intelligence Embedded Agent Program, Nebraska Public Power District,
Hybrid.
Design and implement a program to mentor employees, providing instruction in data science and
opportunities to apply new skills within the company. Lead one-on-one and group mentoring
sessions to create a sense of community and reinforce skills learned through online courses. 16
students.

R Workshops, lowa State, In person synchronous.

Introduction to R, ggplot2, data management and cleaning, package development, literate pro-
gramming, and Shiny.

Mentoring and Advising

Graduate Students
Jayden Stack, Statistics, MS, Automatic Recognition of Shoe Class Characteristics.

Emily Robinson, Statistics, Ph.D, Perception and Visual Inference.
Co-advised with Reka Howard

Denise Bradford, Statistics, Ph.D, Data Science and Interactive Graphics.

Ved Piyush, Statistics, MS, Machine Learning and Computer Vision.

Joseph Zemmels, Statistics, MS, Ph.D, Analysis and Matching of Cartridge Cases.
Completed MS (Spring 2020). Co-advised with Heike Hofmann.

Eryn Blagg, Statistics, MS, Ph.D, Analysis of Wear Development in Three-Dimensional
Shoe Scans. .
Completed MS (Spring 2020). Co-advised with Heike Hofmann

Miranda Tilton, Statistics, MS, Footwear Class Characteristics and Computer Vision. .
Completed MS (Spring 2019).

Undergraduate Students

Xinyu Liu, Actuarial Science and Computer Science, UNL FYRE Program, Machine
learning for shoe sole images.

Jason Seo, Computer Science and Statistics, Undergraduate Research, R package for
visualization of neural networks using the python library keras-vis..
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018 Talen Fisher, Computer Engineering, Undergraduate Research, Tools for working with

2019 .
' x3p files, database design for storing bullet scans and intermediate analysis products..
Summer Research Programs
2019 Molly McDermott and Andrew Maloney, Research Experience for Undergraduates,
Summer 2019, Bullet Scan Quality and Machine Learning.
2019 Syema Ailia, Emmanuelle Hernandez Morales, Tiger Ji, Research Experience for
Undergraduates, Summer 2019, Rapid Quality Control Tools for Confocal Microscopy
Scans.
20,18 Ben Wonderlin and Jenny Kim, Young Engineers and Scientists, Summer 2018, Footwear

Class Characteristics and Computer Vision.

I Outreach

Forensic Practitioners

20.21 Blog Post, CSAFE, Q&A - Treatment of Inconclusive Results in Error Rates of Firearm
Studies (Link).
20.21 Webinar, CSAFE, Treatment of Inconclusive Results in Error Rates of Firearm Studies.
2020 CSAFE Firearms Workshop, Invited Talk: Open Source Software in Forensics.

I SerV|Ce

Service to the Discipline

% Associate Editor, Journal of Computational and Graphical Statistics.
22%222 Associate Editor, R Journal.

2%0 Graphics Section Program Chair (2021), ASA, Official duties include planning JSM
sessions in 2020 and running the Data Expo in 2022.

2020 Program Committee (Graphics), Symposium on Data Science and Statistics 2020,
Visualization Track co-chair.
252&119 Gertrude Cox Scholarship Committee Member, ASA.
Assisted with selection of the Gertrude Cox Scholarship recipients and honorable mentions
20,19 Uncoast Unconference Organizing Committee, Des Moines, IA.
Organized the first R Uncoast Unconference to bring R developers in flyover country together for
a 3-day event. Over 50% of the participants at the conference were women or minorities, and
participants included students, academics, and industry R programmers with a variety of experience
levels in R programming.
2%7 Graphics Section Representative to the Council of Sections, ASA.
Department and Institutional Service
20.21 Data Science Joint Committee.
Committee of Math, Computer Science, and Statistics departments to develop a comprehensive
undergraduate data science program.
2022-1020 Seminar Organizer.
Arrange speakers for the department seminar.
2020 SCIL 101 Poster Judge, Fall Semester.
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a9 Undergraduate Program Committee.

2020
Design an undergraduate statistics major and submit the proposal to the university.

———  Training & Professional Development

20223021 Peer Review of Teaching Program.
Create a course portfolio for Stat 850 in order to assess course design and analyze student
engagement and learning

2020 New Faculty Development Program.

2020 Summer Institute for Online Teaching.

Online course structure and backwards design principles
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1 Preliminaries

1.1 Scope

The aim of this document is to respond to issues raised in Federal Bureau of Investigation'
and Alex Biedermann, Bruce Budowle & Christophe Champod?.

1.2 Conflict of Interest

We are statisticians employed at public institutions of higher education (Iowa State University
and University of Nebraska, Lincoln) and have not been payed for our time or expertise when
preparing either this response or the original affidavit.® We provide this information as a
public service and as scientists and researchers in this area.

1.3 Organization

The rest of the document precedes as follows: we begin by outlining our main points of agree-
ment with the Federal Bureau of Investigation® (hereafter, FBI) and Biedermann, Budowle,
and Champod® (hereafter, BBC) in Section 2. As a threshold issue, we consider the concept of
a general discipline-wide error rate in Section 3 in order to correct statistical misconceptions in
Biedermann, Budowle, and Champod®. We then describe the statistical concepts underlying
our assessment of the discipline of firearms and toolmark examiners in Section 4. Finally,
we address specific issues with participant and material sampling (Section 5), study design
(Section 6), and the use of inconclusives (Section 7).

LYFBI Laboratory Response to the Declaration Regarding Firearms and Toolmark Error Rates Filed in Illinois
v. Winfield (Aff. filed in US v Kaevon Sutton dated May 3, 2022).

2 Forensic feature-comparison as applied to firearms examinations: evidential value of findings and expert
performance characteristics (Aff. filed in US v Kaevon Sutton dated April 28, 2022).

3Susan Vanderplas et al., Firearms and Toolmark Error Rates (Aff. filed in Illinois v Winfield, January 2022).

4Supra note 1.

5 Supra note 2.

6 Supra note 2.



2 Introduction

Reading the responses submitted to our original affidavit, there are some areas of broad agree-
ment between the anonymous individuals at the FBI, Biederman, Budowle, and Champod,
and ourselves:

e There are very good firearms examiners who have a very low false-identification rate.

e Firearms and toolmark examiners are observing real phenomena - the conclusions they
draw are based in observable, verifiable markings on the evidence that can provide in-
formation about the likely source of the evidence.

e There should be additional research on firearms and toolmark examination focusing on
scientific foundations and error rates.

Additionally, we agree with BBC that the current studies are not useful for identifying a
domain-wide error rate.

However, we are statisticians. As statisticians, we regularly help other scientists design ex-
periments that are able to make scientifically valid claims about observable phenomena. We
have experience working in situations where lives hang in the balance when errors are made:
public health, nuclear engineering, and the law, among others. In these situations, it is even
more important that experimental designs be as rigorous as possible, and that the conclusions
from the studies be interpreted as carefully as possible, because the consequences for being
wrong are so serious. It is with this mindset that we approach the topic of error rate studies
in firearms and toolmark examination. We make no apologies for the fact that we offer what
may seem to be harsh critiques of the state of scientific evidence in this field. Our intent in ap-
proaching the discipline in this way is constructive: until the extent of the cancer is identified,
treatment cannot begin.

3 Should a Discipline-Wide Error Rate be the Goal?

A fundamental point of contention in BBC is that discipline-wide error rates are not useful or
productive. This point seems to be central to their argument, despite not being a focus of our
statement. Instead, they argue that the existing validation studies are valuable information
regardless of whether they can be generalized to the discipline.”

A domain-wide error rate is, ultimately, a practical impossibility because there is
constant variation in (i) the population of examiners (new examiners enter the
field, others leave; individual proficiency evolves over time), and (ii) the types
of firearms and ammunition manufactured (and subsequently present in general
circulation). Thus, it is always possible to argue that existing studies are somehow

"Biedermann, Budowle, and Champod, supra note 2, pgs 22-23.



imperfect, which renders the call for a domain-wide, contemporaneously valid error
rate ultimately self-defeating. (BBC, pg. 8)

The question of whether a discipline-wide error rate is useful to the court is outside our area of
expertise, so we do not address this. We note instead that, it is, in fact, possible to establish
valid discipline-error rates with properly designed studies, and we take a moment to address
some of BBC’s misconceptions about this possibility.

Statistical inference does not require a stable population of examiners or firearms. A common
example used to illustrate this fact in introductory statistics courses is a scenario where a
company would like to estimate the lifetime of a specific model of light bulb. The company
takes a random sample of 30 light bulbs from the production line and measures how long the
light bulb takes to burn out. The student is then asked to use the lifetimes of the 30 sample
light bulbs to calculate an interval describing the population average lifetime with a certain
level of confidence. These calculations are valid even though the company is still manufacturing
new light bulbs - that is, the population is not stable.

The perception that a stable population is required to derive inferences is not the only sta-
tistical misconception demonstrated by BBC. At the heart of this further confusion are two
types of statistics: descriptive statistics, and inferential statistics. Descriptive statistics are
statistics which describe characteristics of an observed data set, such as “The average height
of the men in this room is 5 feet, 9 inches.” Inferential statistics, by contrast, are statistics
which take an observed data set and generalize the information from this data set to a wider
set of individuals - the population. Inferential statements might include some discussion of
variability, because while the sample value is known, inference to a population involves ac-
counting for the variability inherent in the act of taking a sample from the population. An
example would be the statement “We are 95% confident that the average height of a male in
the United States is between 5 feet 8.5 inches and 5 feet 9.5 inches.”

None of the authors of BBC are statisticians, nevertheless, they state “statisticians’ primary
focus [is] on inferential statistics” (Biedermann, Budowle, and Champod® pg. 22). This is
incorrect. There are entire areas of statistical research focused on descriptive statistics. SV
and HH specialize in and conduct research on some of these areas. As trained and practicing
statisticians, both inferential and descriptive statistics are firmly within all of our areas of
expertise.

We assume that BBC meant to imply that we chose to focus on inferential statistics in our
initial statement as a matter of preference. We did not- we focused on how validation studies
are currently being used. All statements we have reviewed thus far in this case have been infer-
ential statements. For example, Federal Bureau of Investigation?, page 4 states “In sum, the
studies demonstrate that firearm/toolmark examinations, performed by qualified examiners
in accordance with the standard methodology, are reliable and enjoy a very low false positive

81d.
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rate”” A descriptive statement would have read as: “In sum, the studies demonstrated that
volunteer participants enrolled in the study enjoyed a low error rate on the test sets they chose
to respond to.” Similarly, the FBI/Ames study (cited by Federal Bureau of Investigation'’ on
page 4) makes the inferential statement “[This] study was designed to provide a representative
estimate of the performance of F/T examiners who testify to their conclusions in court.”!
A descriptive statement would read: “This study was designed to provide estimates of the
performance of the 173 F/T examiners who participated in the study.”

The FBI and BBC cannot have their cake and eat it too— if the use of inferential statements
persists, then the problems with study design continue to be a relevant issue ( Section 5 and
Section 6 ). The BBC authors argue that we are concealing useful descriptive information
by arguing that the validation studies’ designs makes them inappropriate for inference. As
previously stated, we made no arguments about descriptive information because no one is
using validation studies for that purpose. We take a moment to highlight a few points relevant
to using descriptive information in the context of error rate studies.

Descriptive information can be of varying quality. The following three statements are all
descriptive statements:

e My son only answered one question incorrectly on his math test.

o My son only answered one question incorrectly on his math test, but didn’t answer 30%
of the questions.

e My son only answered one question incorrectly, but didn’t answer 30% of the questions.
The questions he skipped were frequently answered incorrectly by his peers.

In day to day life, a speaker conveying the first statement when the third is true would
be considered misleading. Yet, error rate studies currently make claims resembling the first
statement, despite having collected sufficient information to make at least one of the other two
statements. These statements then, in turn, are conveyed to courts, including this one (see
Federal Bureau of Investigation'? at pg. 4). As this example shows, it is possible to create
misleading descriptive statistics, but the damage potential is much higher when such statistics
are then used for inferential purposes.

With complicated data, misleading descriptive statistics can be created unintentionally. To
counteract this, in most other scientific areas, honoring other researchers’ requests for de-
identified data (data which cannot identify an individual) is considered an essential part of
good science. On December 21, 2021 we requested the FBI/Ames study data from Ames lab
researchers and were told the FBI has not given Ames researchers permission to share the
data. On the same date, we requested the data from the FBI contact, Keith Monson. Our
requests have gone unanswered. In any case, whether because the researchers do not have the

1074,

1 Keith L Monson, Erich D Smith & Stanley J Bajic, Planning, design and logistics of a decision analysis
study: The FBI/ames study involving forensic firearms examiners, 4 FORENSIC SCIENCE INTERNATIONAL:
SYNERGY 100221 (2022).
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statistical sophistication to take a more nuanced look at their data, or because they do not
want to share the data so that others may provide that additional nuance, we are stuck in a
situation where the only solution is to describe the shortcomings of the data and studies that
are available.

4 Types of Validity

As we will spend the rest of this document discussing validation studies, it is worth taking
the time to discuss the different kinds of scientific validity. Different factors in the design of
firearms and toolmark studies affect different types of validity. In addition, the consequences
for sub-optimal experimental design, study execution, and statistical analysis are different
depending on which type of validity is impacted by the sub-optimal choices.

First, let us start off with the notion of validity in general. Validity is a measure of how the
results of research represent some facet of reality. That is, validity is a mapping between the
scientific process of experimentation and analysis of results and the real world. Throughout
this section, we’ll consider a simple question: How does the amount of water provided influence
the growth of plants as measured by the height of the seedling above the ground?

Internal validity'? is the extent to which the variable manipulated in the experiment (the
independent variable) can be linked to the observed effect (the dependent variable). In
our example, the independent variable is the amount of water provided and the dependent
variable is the height of the seedlings. Internal validity measures how well the experiment
can show cause-and-effect or rule out alternate explanations for its findings (e.g. sources of
systematic error or bias). Internal validity is often achieved by controlling other factors that
may affect the dependent variable. For instance, in our study of water and seed growth, it
would be useful to ensure that other factors affecting plant growth (fertilizer, soil quality, light
availability) are as consistent as possible so that only the effect of the amount of water is seen
in the results.

External validity'? is the extent to which the experimental results can be generalized beyond
the study. That is, given the results of the study, what can I say about the real world? In our
example, we would like to be able to say that if our study reveals that seeds grow better when
there is more water available, that this would also be true in a garden setting. External validity
is always affected by the amount of experimental control we implemented (which affects internal
validity) and the number of variables our experiment covers. If we are only varying the levels

13While Wikipedia is often not reliable for controversial topics, it does contain good information and examples
for many statistical concepts. We link to it throughout this section because it is easily accessible, unlike
the statistical textbooks which would provide more respectable citations but might require a library request.
The page on internal validity contains a number of good illustrations of how internal validity is established
and/or threatened by experimental design considerations. Internal validity, WIKIPEDIA (2022), https://en
.wikipedia.org/w/index.php?title=Internal validity&oldid=1089044842 (last visited Jun 20, 2022).

M External validity, WIKIPEDIA (2021), https://en.wikipedia.org/w/index.php?title=External_validity&oldid
=1060911552 (last visited Jun 20, 2022).



of water available, for instance, it would be hard for our conclusions to generalize effectively
to a garden where e.g. temperature fluctuations may also impact seed growth. When trying
to ensure both internal and external validity, experimenters must experimentally manipulate
many different factors, ensuring that all combinations of the factors are tested. While this
is tedious but feasible in some settings, it is more difficult in other settings where we have
less experimental control - for instance, we cannot assign sex to people for the purposes of
experimentation, but we can ensure that we test individuals of both sexes. When human beings
are involved in experiments as participants, external validity is partially dependent on whether
our sample matches our population on various dimensions of interest: in tests of examiner error
rate, for instance, we probably do not need to ensure that our sample participants’ height
is a match to the wider population, but we should ensure that the sample’s experience is
representative of the wider population of firearms and toolmark examiners.

External validity is closely related to the notion of statistical inference, which is the ability
to make broad statements about a population represented by an experimental sample.

A subset of external validity, construct validity!® is the extent to which an experiment
(method, study design, analysis, etc.) measures the real-life thing of interest. For instance,
if we are more broadly interested in plant health in our seedling study, we would need to
establish that seedling height is a good measure of overall plant health, at least over the range
of time we are studying'®. Showing construct validity requires that there is an unbroken link
between the experiment and the real-world phenomenon. Construct validity can be threatened
when participants are aware they are being observed (the Hawthorne effect), when there is
bias in the experimental design (intentional or unintentional), when participants are aware of
researcher expectations and desires, and when there are confounding variables that are not
measured or assessed in the experiment. One critique of the closed-set study design'” is that
it under-estimates the false identification rate (in addition to a complete inability to estimate
the false elimination rate)'®; this is a critique based on the study’s construct validity (and as
a result, its external validity ).

An additional concept contained within external validity is ecological validity'?: the ex-
tent to which the study’s procedures, measurements, and other design variables relate to the

15Construct validity, WIKIPEDIA (2021), https://en.wikipedia.org/w/index.php?title=Construct_ validity&old
id=1060911505 (last visited Jun 20, 2022).

16For instance, it is possible that during the germination and initial sprouting period, plant height is a good
measure of health, but that after the initial plant is established, we might need to consider e.g. plant color,
number of leaves, root depth, and so on as well. If this is the case, it is important that any statements about
the broader construct are careful to identify the time period for which those observations might be valid.

17A closed-set study is one in which every unknown to be examined corresponds to a provided known sample.
In closed-set studies, examiners can rely on the closest matching known sample to make an identification,
even if in a casework situation with the same unknown and known sample, the examiner would return a
different result.

8Heike Hofmann, Susan Vanderplas & Alicia Carriquiry, Treatment of inconclusives in the AFTE range of
conclusions, 19 LAW, PROBABILITY AND RIsK 317-364 (2021), https://doi.org/10.1093/lpr/mgab002.

19Ecological validity, WIKIPEDIA (2022), https://en.wikipedia.org/w/index.php?title=Ecological _validity&old
id=1078684982 (last visited Jun 20, 2022).



real-world context. That is, does a study performed in a laboratory setting generalize to the
outside world? For firearms and toolmark error rate studies, experimenters must establish
that the study procedures are a good representation of the process of firearms and toolmark
examination in casework - if, as in some historical studies, participants evaluated a low-quality
photograph of a bullet through a microscope for the study, but need to evaluate actual fired
ammunition in casework, the study might potentially lack construct validity. Mock-jury stud-
ies often provide individual participants with written transcripts, but this probably does not
adequately mimic the experience of sitting on a jury, listening to testimony, observing the dif-
ferent participants in the trial, and then deliberating in a room with other individuals to reach
consensus. Experimenters performing such studies may want to follow up the written tran-
script study with a study involving videos of a mock trial (to assess the effect of sitting through
the trial) and then perform an additional group study where participants must deliberate as
if on a jury in order to demonstrate that results have good ecological validity.

Another type of validity is statistical validity: the extent to which the statistical calculations
and tests which summarize the experiment’s results are believable. Statistical validity requires
that sampling procedures, measurement procedures, and the statistical calculations are all
appropriate for the experimental design and for the variables under investigation. This type
of validity affects both internal and external validity, because the relationship between the
independent and dependent variables is determined through statistical calculations (internal
validity) but the ability to make statements about the population (external validity) is also a
result of statistical calculations and statistical inference.

It is worth noting that almost any experiment conducted will not have perfect internal, external,
statistical, construct, and ecological validity. However, it is important when assessing an
experiment to determine whether there are threats to the different types of validity, and, if
multiple experiments have been conducted on the same basic topic, whether the total set of
experiments collectively demonstrates each type of validity. This is what is required to produce
convergent validity, an idea mentioned by BBC (pg. 21). As we demonstrated in our initial
statement, and will demonstrate again in this response, because the validation studies which
currently exist have consistent flaws, it is not possible to take the total set of validation studies
and argue that they have convergent validity.

5 Participant and Material Sampling: Threats to External Validity

One of the primary concerns with error rates provided by “well-designed” studies
is that even well designed, well-executed studies cannot compensate for sampling
bias in the participant pool. That is, no matter how well the experiment is laid
out, if the participants are not a representative sample from the population (in
this case, all qualified firearms examiners in the United States), the results of the
study do not generalize to that population. (Vanderplas et al., 2022)



In our initial statement, we identified sampling bias as a threat to external validity that we
could not bound numerically through statistical measures. That is, we do not have enough in-
formation to assess whether studies conducted to date have a representative sample of firearms
and toolmark examiners. While the FBI and BBC both remarked upon our “pessimistic” view
of e.g. treatment of participant dropout rates, claiming it was incredibly unlikely every non-
response would be an error. We stated as much in our initial statement. Our calculations
served the intended purpose of providing an upper bound for the possible error rate. Cur-
rently, the calculation of error rates are assuming that no additional errors would have been
made -which is also unlikely given the number of missing responses. This effectively calcu-
lates a lower bound for the error rate. However, unlike us, the researchers putting forth these
estimates do not explicitly state their assumptions or that they have calculated a bound. As
a result, casual observers (and the court) are left to assume that the error rate is the lower
bound, which is misleading.

In the case of participant sampling, however, we cannot create upper and lower bounds for
possible error rates. This does not mean that participant sampling concerns are not important
to consider, however: biased sampling procedures are a consistent source of potential bias that
affects every national validation study conducted in the US to date.

5.1 Voluntary Participation and Validity Concerns

We specifically identified that because studies use voluntary participants, the study partici-
pants are likely to differ from the wider population of firearms and toolmark examiners in
important ways, but in ways that we cannot statistically quantify.

The FBI correctly identified that there is no way to compel participation from participants in
research studies conducted according to current federal guidelines.

Since 1945, many organizations have adopted codes stating that voluntary and in-
formed consent of human subjects in research is essential. The importance of this
concept has been codified in the Code of Federal Regulations, which specifically
requires that researchers obtain informed consent when using human subjects (45
C.F.R. § 46.101-122). These rules are binding on all federal agencies and contrac-
tors. (FBI 5)

While we cannot speak to whether this type of participation meets the requirements set out
in 45 CFR 46.103, we note some error rate studies mention that participants were compelled

to participate by their employer?’. However, we agree that there are reasons why research

20«In order to get a broad cross-section of the latent print examiner community, participation was open to
practicing latent print examiners from across the fingerprint community. A total of 169 latent print examiners
participated; most were self-selected volunteers, while the others were encouraged or required to participate
by their employers.” (Bradford T. Ulery et al., Accuracy and reliability of forensic latent fingerprint decisions,
108 PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES 7733-7738 (2011), https://www.pnas.org/d
0i/full/10.1073/pnas.1018707108 (last visited Jun 20, 2022))



studies have to make do with voluntary participation.

With a self-selected sample, it becomes even more critical to take steps to ensure the par-
ticipants are representative of the population of interest. Interestingly, Federal Bureau of
Investigation?' mentions that clinical trials are conducted on volunteers. This comparison is
not perfect??, but the FBI's reliance on clinical trials is crucial because the sampling design in
validation studies is so egregious relative to medicine (and other fields). The National Institute
for Health (NIH) is our country’s medical research agency. The NIH has very strict funding re-
quirements: researchers are required to establish that their sample will be representative of the
population, inclusive of minority groups, and otherwise will meet the very high bar set for ex-
perimental design and composition®®. When working with volunteer participants, researchers
use strategies like case matching, where two individuals are matched on every dimension that
is feasible within the total set of volunteers and then these two individuals’ performance on
the drug vs. placebo is compared. In other studies, the full set of volunteers is not included in
the study; instead, a demographically representative sample of the wider population is chosen
from among the volunteers (within practicable constraints). Stated more broadly, medical
researchers take care to ensure that the study design provides for both external and internal
validity, working within the constraints of a population of volunteers. This additional care to
ensure both internal and external validity is missing in FTE validation studies, which is why
we raised the issue of representative samples in the first place.

Unlike medical trials, validation trials do not typically take steps to ensure the population is
representative. Some studies make an effort to at least not exclude participants, such as the
Ulery et al.?* study: “In order to get a broad cross-section of the latent print examiner com-
munity, participation was open to practicing latent print examiners from across the fingerprint
community.”

However, many arbitrarily adopt inclusion criteria requiring that participants be active exam-
iners employed by a crime lab, currently conducting firearms examinations, members of AFTE,
etc. For example, the FBI/Ames study cited by the FBI*® has a number of inclusion criteria.
It is not clear how the inclusion criteria were applied because the technical report?® of the
study’s inclusion criteria disagrees with a peer-reviewed paper’s?” description of the inclusion
requirements with the use of “and” and “or” for the listed conditions.

21 Supra note 1.

22Examiners control their response to the black-box studies, where most people do not have conscious control
over biological responses to e.g. drugs or vaccines, and we pointed out this distinction in our original response

23National Institutes of Health, Inclusion of Women and Minorities as Participants in Research Involving
Human Subjects | grants.nih.gov, NIH GRANTS & FUNDING (2022), https://grants.nih.gov/policy/inclusio
n/women-and-minorities.htm (last visited Jun 18, 2022).

24 Supra note 28.

25see Federal Bureau of Investigation, supra note 1 page 4

26Stanley Bajic et al., Validation Study of the Accuracy, Repeatability, and Reproducibility of Firearm Compar-
isons, 127 (2020).

2"Monson, Smith, and Bajic, supra note 17.
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e “Only respondents who returned a signed consent form and were currently conducting
firearm examinations and were members of AFTE, or else were employed in the firearms
section of an accredited crime laboratory within the U.S. or a U.S. territory were accepted
into the study.”?

e “Participation was limited to fully qualified examiners who were currently conducting
firearm examinations, were members of AFTE, and were employed in the firearms section
of an accredited public crime laboratory within the U.S. or a U.S. territory.”?"

There is never any justification given for the inclusion criteria, and there is some evidence
these inclusion criteria are not representative of practicing F/T examiners. For example, we
collected 60 unique expert witness curriculum vitae for F/T examiners from Westlaw Edge.
If we use some of the criteria listed for the FBI/Ames study in Monson, Smith, and Bajic*”
only 63% were current AFTE members, 65% were employed by a public agency, and only 38%
were both current AFTE members and employed by a public agency. In other words, 62% of
these examiners would have been excluded from the FBI/Ames study using less than half of
the inclusion criteria defined in that study. More problematically, there is also evidence that
some inclusion criteria that have been used have been associated with reduced error rates in
other disciplines. For example, Heidi Eldridge, Marco De Donno & Christophe Champod?!
reports that palmar print examiners employed outside of the U.S. disproportionately account
for false positives. The FBI/Ames study explicitly excludes F/T examiners employed outside
of the U.S.

These sources of bias discussed in this section are subtle, and require a close reading of the
study’s methods section. While many scientific journals rely on peer review to identify and
correct these issues, the review which takes place in trade journals such as the AFTE journal
do not necessarily catch and correct issues with the description and presentation of study
results. However, all journals rely on the study’s authors to describe the study recruitment
and selection methods clearly and in detail. This does not typically happen in validation
studies.

Statistically, what is required for external validity is to argue that the sample is represen-
tative of the population characteristics*?. This burden falls on the experimenters; it is up to
them to make the affirmative argument that the sample is representative of the population.
We have suggested that polling AFTE members might reach a set of participants who are more

28BAJIC ET AL., supra note 34.

29Monson, Smith, and Bajic, supra note 17.

301d.

31 Testing the accuracy and reliability of palmar friction ridge comparisons—a black box study, 318 FORENSIC
SCIENCE INTERNATIONAL 110457 (2021).

32Contrary to the selected quote in BBC pg. 19, we state this explicitly in our original statement. The
suggestion that a full census of the population of examiners is necessary is because such a census would
make it easier for researchers to make the representative argument about an individual study. The census
would need to consist of demographic characteristics: training, experience, gender, education; tracking this
same demographic information in the validation studies would allow researchers to compare the two sets of
values and make the argument that the sample is representative of the wider population.
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invested in the discipline and that individuals who have the time and/or lower caseloads to
participate in studies might not be representative of the wider population of firearms examin-
ers in part because these are things that were not addressed by study authors when describing
the participant selection in the study. In order to make this argument, study authors need
to track participation, compute demographic summaries of the sample which may be relevant
(geography, age, training level, case load, professional memberships), and compare these to
the wider population. To support this, it might be helpful if accrediting organizations main-
tained a register of people who have accreditation in each discipline to assist with having some
statistics of the population to compare against.

5.1.1 Statistical Language and Logic

Both the FBI and BBC raised the issue of hypothetical language which was used in our initial
affidavit, reproduced here to provide context.

there are many potential lurking covariates that would meaningfully affect the
error rates estimated by the studies. For instance, it is possible that experienced
examiners are more likely to volunteer to participate in these studies out of a sense
of duty to the discipline: these examiners might have lower error rates due to
their experience, which would lead to an estimated error rate that is lower than
the error rate of the general population of all firearms examiners (including those
who are inexperienced). In fact, in studies which differentiate between trainee and
qualified examiners, we find a higher error rate among trainees (Duez et al. 2018).
(Vanderplas et al., 2022, pg. 5)

There are many variables which might be expected to increase likelihood of volun-
teering for a study and also change the expected error rate: education, experience,
confidence, amount of time available for study participation. (Vanderplas et al.,
2022, pg. 5)

BBC specifically called out these statements:

This critique is a rhetorically subtle formulation because it uses a true statement
(here: higher error rate among trainees) to create a doubt for which no direct evi-
dence is provided. That is, Vanderplas et al. (2022) give no evidence for whether
experienced examiners are actually more inclined to participate than less experi-
enced examiners. (BBC pg. 25)

And the FBI also responded:

The Statement fails to cite any evidence to support this claim. In fact, less experi-
enced examiners were commonly represented as participants in numerous studies.
Several studies listed in Table 1 have queried the experience level of participant
examiners, and those analyses concluded that experience level did not significantly
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affect performance. If sampling bias had affected the outcome of one or more of

these studies, one would expect the rate of reported false positives to vary consid-
erably. (FBI pg. 7)

It should be noted that the rhetorical device employed in our original statement is common
in statistics; it is not intended to mislead, but it does make the implicit assumption that the
reader is familiar with scientific logic. The presence of a confounding variable (a variable
whose effect on the response cannot be separated from the explanatory variable) is sufficient
to remove our ability to make a causal statement about the association between two variables
(e.g. the explanatory variable causes the change in the response variable)®3. Thus, statisticians
will tend to make statements which raise the presence of a confounding (or “lurking”) variable
(in this case, an examiner’s experience, duty, education, confidence, and available time) that
might co-vary with the dependent variable (in this case, the likelihood that an examiner self-
selects into a study). These statements are almost always hypothetical because the presence
of such a variable is sufficient to raise doubt about the results®*. In this case, the presence
of such lurking variables without the ability to compare the volunteer sample’s demographics
to the wider demographics of the population makes it logically difficult to argue that results
from a self-selected sample can be generalized to the population.

In addition, we have asked for the information which would allow us to make these hypothetical
statements more concrete by applying statistical techniques for correcting estimates affected
by drop-out rates. Unfortunately, our requests have been rebuffed: it is common for forensic
scientists to decline or ignore requests to share study data with other researchers. This is
contrary to the widespread understanding of the requirements of ethical science® as well
as the norms for research practice in many other disciplines (even disciplines which collect
human-subjects data subject to federal protection). As statisticians, we commonly post our (de-
identified) data on sites such as GitHub or FigShare for archival purposes as well as to enable
other researchers to access the data, statistical computations, and manuscript preparation
records®¢.

33Section 4.1 Summary, NATHAN TINTLE ET AL., INTRODUCTION TO STATISTICAL INVESTIGATIONS (2015).

340ne easy example of a lurking variable is that the number of baby births are correlated with the number
of storks in European countries. It would be relatively easy to falsely draw the conclusion that storks are
associated with babies, but this ignores the lurking variable of the geographic size (and population size) of
the country. Causation cannot be inferred when there are lurking variables or when the study is observational
in nature. Alex Mayyasi, Do Storks Deliver Babies?, PRICEONOMICS (2014), https://priceonomics.com/do-
storks-deliver-babies/ (last visited Jun 23, 2022).

35Howard Bauchner, Robert M. Golub & Phil B. Fontanarosa, Data Sharing: An Ethical and Scientific Imper-
ative, 315 JAMA 1238-1240 (2016), https://doi.org/10.1001/jama.2016.2420 (last visited Jun 23, 2022);
Clifford S. Duke & John H. Porter, The Ethics of Data Sharing and Reuse in Biology, 63 BIOSCIENCE
483-489 (2013), https://doi.org/10.1525/b10.2013.63.6.10 (last visited Jun 23, 2022); Michael W. Ross,
Martin Y. Iguchi & Sangeeta Panicker, Ethical aspects of data sharing and research participant protections,
73 AMERICAN PSYCHOLOGIST 138-145 (2018); Carol Tenopir et al., Data Sharing by Scientists: Practices
and Perceptions, 6 PLOS ONE €21101 (2011), https://journals.plos.org/plosone/article?id=10.1371/journ
al.pone.0021101 (last visited Jun 23, 2022).

360ne example of this is the GitHub repository for our paper on inconclusives in the AFTE range of conclusions,
available at https://github.com/heike/inconclusives. All of the data and code are available for anyone to
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An additional point of contention here is that the FBI states that “those analyses concluded
that experience level did not significantly affect performance”. The FBI is overstating their
claim here, as well as selecting only studies which support their conclusion. Chapnick et
al. (2021)%7 found that error rates for trainees were higher than those for qualified examiners.
Baldwin (2014)3® explicitly did not examine trainee examiners:

Although it might be desirable to understand how non-practicing or untrained
participants might perform under the same circumstances as trained examiners,
there are important statistical reasons for not including trainees. The expected
rates of error are low enough that dividing our participant pool into subgroups
that are trained and not trained would add cost to the study without adding
enough participants to allow a precise measurement of error rates for this group
of trainees. It was deemed more important to measure the error rates for trained
practicing examiners accurately and precisely than to measure the effect of another
variable with much less precision and accuracy. (Baldwin 2014, pg. 7)

The only other mention of experience in Baldwin (2014) involves a finding of a weak correlation
between the number of inconclusive calls and years of training:

There are mild inverse correlations between the number of inconclusive /nonresponse
calls made with the known different-source cases, and the reported number of years
of training (correlation = -0.1393) and number of years of experience (correlation
= -0.1034); that is, there is a weak tendency for examiners with more training or
experience to make fewer inconclusive calls. (Baldwin 2014, pg. 16)

This is not a conclusion that experience does not affect error rates; while the findings reported
here are not evaluated for statistical significance, and may not rise to meet that bar, they
do explicitly highlight the possibility that experience is associated with an examiner’s rate of
reporting inconclusive results. In addition, there is no statistical test of whether error rates
are related to experience anywhere else in the Baldwin paper.

Finally, the FBI’s final response to our hypothetical, “If sampling bias had affected the outcome
of one or more of these studies, one would expect the rate of reported false positives to
vary considerably.”; is false, likely because it stems from a misunderstanding of the difference
between random error and bias. Sampling error is the error in an estimate due to the difference
between one sample and the next - that is, who is and is not included in the study - due to
random sampling. Random sampling ensures that over many different samples, we still produce
unbiased estimates because the sampling method itself is not biased. The problem is that
when the sampling method itself is biased (and, in many cases, biased in the same structural

access, in addition to the full set of edits to the manuscript draft over time.

37Chad Chapnick et al., Results of the 3D Virtual Comparison Microscopy Error Rate (VCMER) Study for
firearm forensics, 66 JOURNAL OF FORENSIC SCIENCES 557-570 (2021), https://onlinelibrary.wiley.com/do
i/abs/10.1111/1556-4029.14602 (last visited Dec 6, 2021).

38DAvVID P. BALDWIN ET AL., A Study of False-Positive and False-Negative Error Rates in Cartridge Case
Comparisons:, (2014), http://www.dtic.mil/docs/citations/ADA611807 (last visited Jan 29, 2020).
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way ), we have no statistical guarantees that the resulting estimates are similarly unbiased. In
fact, we have reason to suspect that the structural biases might be similar across different
studies because the sampling bias is of the same type in each study, which might well lead to
a bias in one direction for the collective set of studies.

5.1.2 Assessment of Significance

While participant selection and inclusion bias is one of the biggest issues we identified, in that
we cannot easily bound the effect it has on error rates, it is by no means the only issue with
existing black-box studies. If the only issue with the studies that are typically cited in court
in support of firearms and toolmark analysis as a discipline were that it included self-selected
volunteers who may meaningfully differ from the population, then it would be reasonable to
interpret the results of these studies with that caveat in mind. However, the situation as it
currently stands is one of a rowboat: if there is only one small hole in the rowboat, the boat
can stay afloat while its occupants bail it out; if there are many holes in the rowboat of varying
sizes, it is much more likely that the boat will sink. So it is with the error rates from these
studies: there are many flaws in the studies, and while we can bound the effect on the error
rates for some flaws, the overall effect is that the studies are sinking.

5.2 Material Sampling

In our original statement, we argue that as with examiners, we need to be able to make the
claim that firearms studies cover a representative set of ammunition and firearm combinations
in order to suggest that such studies are broadly generalizable. We are not the first group
of statisticians to highlight this issue: the problem is mentioned in the 2009 NRC report??,
follow-up experiments have been proposed for several different previously published studies®,
and the 2016 PCAST report?' described the necessary characteristics for studies establishing
foundational validity, including

“The studies must involve a sufficiently large number of examiners and must be
based on sufficiently large collections of known and representative samples from
relevant populations to reflect the range of features or combinations of features
that will occur in the application.” (PCAST pg. 52)

39STRENGTHENING FORENSIC SCIENCE IN THE UNITED STATES: A PATH FORWARD, (National Research Council
(U.S.) ed., 2009).

40C. Spiegelman & W. A. Tobin, Analysis of experiments in forensic firearms/toolmarks practice offered as
support for low rates of practice error and claims of inferential certainty, 12 LAW, PROBABILITY AND RISK
115-133 (2013), https://academic.oup.com/lpr/article-lookup/doi/10.1093/lpr/mgs028 (last visited Oct 23,
2018).

HPRESIDENT’S COUNCIL OF ADVISORS ON SCIENCE AND TECHNOLOGY, Forensic Science in Criminal Courts:
Ensuring Scientific Validity of Feature Comparison Methods, (2016), https://obamawhitehouse.archives.g
ov/sites/default/files/microsites/ostp/PCAST /pcast_ forensic_ science_report_ final.pdf (last visited Mar
7, 2019).
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The FBI response misstates our position as much more extreme than the reality:

The Statement claims that existing firearms error rate studies cannot reflect an
accurate error rate because they fail to encompass the full range of firearms and
ammunition available to the public and are thus not representative of samples
encountered during casework. (FBI pg. 8)

Instead, they argue that it would be better to focus on manufacturing methods:

No single study (or even numerous studies) can fully capture all firearms and
ammunition that currently exist in the United States. However, the more relevant
variable to study is the manufacturing processes used to create these firearms that
impart the class and individual characteristics analyzed during an examination.
(FBI pg. 8)

We largely concur, despite the attempts to paint our position as so extreme as to require
that studies exist for all combinations of firearms and ammunition which currently exist in
the United States. However, it is important for those conducting such studies to identify the
manufacturing method and to list the types of weapons a study might be reasonably applied
to on the basis of similar manufacturing. That is, the authors of a study should be responsible
for outlining the reasonable scope of generalization for a study, and this should be explicitly
stated in the discussion of the study’s results.

BBC have similar objections to our desire to see better combinatorial studies, but for different
reasons.

“In Section 5 of Vanderplas et al. (2022, at pp. 6-7), the authors mention that
existing studies cover only a limited number of firearms and ammunition types,
thus preventing the possibility to generalize..” (BBC pg. 25-26; additional quotes
from our affidavit are provided)

In their response, they highlight their insistence that there is no average examiner and no
average combination of firearm and ammunition.

“Second, as much as there is no”average” examiner, there is no “average” combina-
tion of firearm and ammunition. Instead, there are many firearm and ammunition
categories (or types) for which a single average error rate could not meaningfully
reflect examiner performance. It would be a too optimistic figure for reputedly
difficult firearm and ammunition types, and too conservative one for less challeng-
ing comparison pairs. However, it would be exaggerated to require that an expert
has previously seen (i.e., worked with) all possible combinations of firearms and
ammunition.” (BBC pg. 26)
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The critique of our position by BBC represents a fundamental misunderstanding as to why
we want to see a broad set of studies on manufacturing methods and ammunition types: it
is not to determine an average combination of firearm and ammunition, or an average error
rate, or to ensure that experts have worked with all possible combinations of firearms and
ammunition. Statistics tends to be only peripherally concerned with averages: instead, we
study variability and its effect on the different estimates we compute. When we indicate
that part of the scientific foundation for firearm and toolmark studies is that we understand
the ways in which marks might vary based on firearm manufacturing method and/or type
of ammunition, it is because we want to be able to assess the external validity of the error
rate studies across the wide range of conditions found in case work. While we addressed the
issue of a general discipline-wide error rate as being within the range of statistics in an earlier
section, this further illustrates the misconceptions that BBC have about the use of statistics.
It is precisely because of the variability in difficult firearm and ammunition types vs. less
challenging comparison types that we need broad studies: we recognize that variability and
want to scientifically establish the consequences for error rates.

If we return momentarily to the grade-school science study we proposed in the validity section,
we are essentially arguing that it is important to understand not only how plant growth changes
with watering, but to ensure that those same findings hold across different temperature ranges
and soil types commonly encountered in spring gardens. Without systematic manipulation
of those variables across some studies that rely on the same principles of plant biology and
development, we cannot ensure that our study’s findings generalize well to new conditions.

Just as we want to ensure that validation studies can be generalized to the population of
examiners and do not contain systematic biases that might over- or under-estimate the error
rate of firearms and toolmark comparisons, we also want ensure that error rate studies are
conducted on types of firearms (or manufacturing methods) and ammunition which are likely
to be compared in casework. That is, our concerns about firearm manufacture and ammunition
materials boil down to concerns about the external validity of error rate studies. At the risk of
making another hypothetical statement, if error rate studies are conducted on combinations of
firearms and ammunition which are known to mark well*?, then there is a risk that the error
rate studies under-estimate the error rates which might be encountered in casework, where
not all combinations of ammunition and manufacturing method are idealized. When there has

42We are not experts on the intricacies of different types of ammunition, but it is well known (and oft referenced
in scientific publications in the field) that some types of ammunition do not “mark” well due to coatings
or other material treatments of the ammunition surface. Examples of studies which investigate or discuss
the phenomena of “marking well” include Nicole Groshon, The effects of: Lacquered ammunition on the
toolmark transfer process, 2020, https://indigo.uic. edu/artlcles/thesw/The Effects_of Lacquered__
Ammunition on_ the Toolmark Transfer Process/13475034 /files/25862940.pdf (last visited Jun 20,
2022);Valentina Manzalini et al., The effect of composition and morphological features on the striation of
.22LR ammunition, 296 FORENSIC SCIENCE INTERNATIONAL 9-14 (2019), https://www.sciencedirect.co
m/science/article/pii/S0379073818310624 (last visited Jun 20, 2022); Deion P Christophe, Approaching
Objectivity in Firearms Identification: Utilizing IBIS BULLETTRAX-3D’s Sensor Capturing Technology,
2011, https://shareok.org/bitstream/handle/11244/324663/ChristopheDP2011.pdf?sequence=1 (last
visited Jun 20, 2022).
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not been any systematic attempt to assess the impact of these factors on error rates or on the
visual information available to examiners that would be expected to influence error rates, this
issue of external validity remains unresolved.

It is also worth noting that we are not the first statisticians to suggest thorough study of the
discipline is necessary, nor the first to be accused of making impossible requests.

“without understanding the proper design of experiments, modelling and sampling
procedures, numerous articles in the firearms/toolmarks domain literature assert,
and several judges have mistakenly observed or implied, that assessing rates of
examiner error are impossible because every firearm ever made cannot be tested.”*?

There are multiple means by which such external validity might be achieved, lest we be accused
of failing to offer constructive solutions to the problems we have identified**. First, of course,
would be to conduct error rate studies that consider ammunition and/or weapon type as a
variable of interest and manipulate that variable as part of the experimental design, then
test whether error rates are different across different types of ammunition and manufacturing
methods. This would be the most direct way to address this premise, because error rates
would be directly tied to the manufacturing method and ammunition type. Unfortunately,
most validation studies cover only one design and one or two types of ammunition, as shown
in Table 1*°. Those studies which are conducted over multiple types of ammunition and/or
firearms do not break down responses by firearm and ammunition type.*6

Another way to address this premise would be to conduct several studies assessing the num-
ber, quality, and/or variety of individual or accidental markings suitable for comparison across
multiple types of ammunition and/or manufacturing methods. This method would not specif-
ically address error rates, but it would be reasonable to argue that if the type and quantity of
individual markings suitable for comparison was similar across ammunition and/or manufac-
turing methods that the error rates for such comparisons should also be similar because the
fundamental information available to the examiners would be expected to be similar. Note

43Spiegelman and Tobin, supra note 48.

44Asin BBC, pg. 8, “The dismissive attitude towards existing error rate studies, i.e., their wholesale rejection, is
not helpful in that it offers no constructive advice on how the data could be used with properly acknowledged
limitations.”

450ne type of ammunition and one primary type of weapon (with several known non match comparison weapons
of similar manufacture) in Jaimie A Smith, Beretta barrel fired bullet validation study, 66 JOURNAL OF
FORENSIC SCIENCES 547-556 (2021); one type of firearm and one type of ammunition in Baldwin et al.,
supra note 46; one type of firearm and two types of ammunition in Alfred Biasotti, A statistical study of
the individual characteristics of fired bullets, 4 JOURNAL OF FORENSIC SCIENCES 34 (1959); one type of
firearm and one type of ammunition in James E. Hamby et al., A Worldwide Study of Bullets Fired From
10 Consecutively Rifled 9MM RUGER Pistol Barrels—Analysis of Examiner Error Rate, 64 JOURNAL OF
FORENSIC SCIENCES 551-557 (2019), https://onlinelibrary.wiley.com/doi/abs/10.1111/1556-4029.13916
(last visited Jan 29, 2020).

46Tasha P. Smith, G. Andrew Smith & Jeffrey B. Snipes, A Validation Study of Bullet and Cartridge Case
Comparisons Using Samples Representative of Actual Casework, 61 JOURNAL OF FORENSIC SCIENCES 939—
946 (2016), https://onlinelibrary.wiley.com/doi/abs/10.1111/1556-4029.13093 (last visited Dec 12, 2021);
Keisler, M. A., Hartman, S. & Kil, A., Isolated Pairs Research Study, 50 AFTE JOURNAL 56-58 (2018).
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that this requires an additional degree of abstraction (ammunition/manufacturing -> mark-
ings -> error rates), but that the scientific logic still holds, even if the connection is more
tenuous. An additional complication with this option is that we are not aware of an objec-
tive method for assessing the quantity of accidental information present in a fired cartridge
case or bullet, nor for assessing how much individualizing information is necessary to make
an informed comparison. Introducing an additional degree of subjective assessment for the
marking quality would introduce additional variability that may mask the coupling between
the ammunition and firearm combination and the error rates in black-box studies. However,
there are certainly exploratory studies which assess the quality of markings for different types
of ammunition in a specific firearm.*” It might also be reasonable to assess the quantity of
individual characteristics using an automatic system, such as NIBIN or IBIS*® and make the
argument that if a computer system can make the distinction it is reasonable for a human
examiner to do so as well®”.

5.3 Consecutive Manufacturing

Another concern we originally raised in our affidavit was that of the use of consecutively
manufactured firearms for error-rate studies.

Several studies used consecutively manufactured barrels and/or slides to increase
the difficulty of the comparisons, since these types of samples create the greatest
potential to produce toolmark patterns and/or subclass characteristics that are
similar in appearance although produced from two different sources. (FBI pg. 3)

Our concern is one of external validity. We agree that consecutively manufactured barrels
may provide a higher degree of challenge in some circumstances, but this additional difficulty
comes with a cost: it is harder to generalize results to the broad class of firearms of X type
when you have only tested e.g. 10 consecutively manufactured barrels. Instead, the results of
such a study can only be generalized to a specific point in time. This is one facet of an oft-
discussed tradeoff in experimental design: you can increase experimental control, randomize
subjects to treatment conditions, and take other precautions to ensure that your experiment
is providing the answer to your experimental question (internal validity), but many of these
control measures reduce the ability to generalize the results to wider settings because the

4"Manzalini et al., supra note 50; Groshon, supra note 50; Brian Mayland & Caryn Tucker, Validation of
Obturation Marks in Consecutively Reamed Chambers, 44 AFTE JOURNAL 167-169 (2012), https://afte.o
rg/uploads/documents/paid_ for__download_ products/44 2 2012_Spring.pdf (last visited Jun 27, 2022).

48Jan De Kinder, Frederic Tulleners & Hugues Thiebaut, Reference ballistic imaging database performance, 140
FORENSIC SCIENCE INTERNATIONAL 207-215 (2004), https://www.sciencedirect.com/science/article/pii/S0
379073803005371 (last visited Jun 20, 2022); Christophe, supra note 50.

P Of course, it is much easier to test a computer algorithm’s ability to make these comparisons, with the added
benefit that such algorithms do not usually provide inconclusive decisions.
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Table 1: Firearms studies listed by the FBI along with gun manufacturer and ammunition
type, where specified. Note that studies using the same weapons have been grouped
together, deviating from the otherwise chronological ordering. Proficiency tests with
various firearms AND bullets (e.g. not systematically manipulated) were excluded

from this table.

Study Year Type Consec  Gun Ammo
Brundage 1998 Bullet Yes Ruger P85 9mm ‘Winchester
J. Hamby et al. 2019 Bullet Yes Ruger P85 9mm Winchester
Bunch & Murphy 2003 Cartridge Yes Glock Luger 9mm Unspecified
DeFrance & Van Arsdale 2003 Bullet Yes Smith & Wesson .357 Magnum Unspecified 158 grain jacketed
soft-point
E. Smith 2005 Both No Ruger P89 Remington UMC 115 grain,
copper-jacketed
Lyons 2009 Extractor Yes Colt 1911 A1, Caspian Arms Speer Lawman .45 Auto 230 grain
Extractors FMJ
Fadul 2011 Bullet Yes Glock EBIS Federal 9mm
Mayland & Tucker 2012 Chamber Yes Kel-Tec, Hi-Point, Ruger Winchester, Remington, Federal
9mm Luger 115 grain FMJ
Fadul et al. 2012  Slides Yes Ruger Unspecified 9mm
Cazes & Goudeau 2013  Slides Yes Hi-Point 9mm C-9 Winchester 9mm Luger 115 grain
FMJ
Stroman 2014 Cartridge No Smith & Wesson Independence .40 S&W, 180 grain
FMJ
Baldwin et al. (aka Ames I) 2014 Cartridge No Ruger Remington 115 grain FMJ
Smith et al. 2016 Both No Taurus, Sig Sauer, Glock 92 UMC CC, 92 UMC Bu, 92
WIN BEB CC, 92 WIN BEB Bu,
92 Hi-Shok/Hydra-shok Bu, 92
American Eagle CC, 92 Speer GD
CC, 92 Speer GD Bu
Duez et al. 2018 Cartridge No Colt Ruger P95 DC Taurus PT PMC
24/7
Keisler et al. 2018 Cartridge No Glock 22,23,27 HK USP Compact CCI 40 S&W 180-grain gold dot
S&W 40V, 40VE
Kerkhoff et al. 2018 Cartridge No Glock (x39) Sig Sauer (x1) Various
J. Smith 2021 Bullet Yes Beretta Federal 9mm FMJ
C. Chapnick et al. 2021 Cartridge No Various 9mm Luger, 40 S&W, Unspecified
and 45 Auto
Law & Morris 2021 Cartridge No Various 9mm Luger Federal American Eagle 124 grain
FMJ
Bajic et al. (aka Ames II) 2021 Bullet Some Ruger, Beretta Wolf Polyformance 9mm Luger
115 grain FMJ
Bajic et al. (aka Ames II) 2021 Cartridge Some  Jimenez, Beretta Wolf Polyformance 9mm Luger

115 grain FMJ
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experimental control doesn’t mirror natural conditions.’® This paradox is also mentioned by
Spiegalman & Tobin®! in their 2013 assessment of the state of firearms validation and error
rate studies.

As not all studies conducted use consecutively manufactured firearms, this is one of the less
critical threats to external validity. Its inclusion here serves primarily to highlight the difference
between the statistical concept of good experimental design and that of firearms and toolmark
examiners, whose gaze is much more narrowly focused on the process of toolmark creation.

6 Study Design: Threats to Internal and External Validity

Our concerns about the design of firearms and toolmark error rate studies are also related to
concerns about validity, but study design impacts both internal validity and external validity.
Before we discuss the nuances of experimental design and appropriate, scientifically supported
conclusions, we want to quickly address some broad claims about the importance of good
experimental design in validation studies.

The FBI maintains that the various study designs which have been conducted since Daubert
(which is a much earlier threshold than expected given the sea change that has occurred in
forensics since the 2009 National Research Council and 2016 PCAST reports) provide mean-
ingful ways to assess examiners’ abilities.

Since the Daubert decision in 1993, there have been 25 firearm/toolmark error rate
studies conducted. They include black box studies with open set designs, studies
with partially open set designs, and closed set study designs. These various exper-
imental designs have provided meaningful ways to assess the ability of examiners
to make accurate source conclusions. (FBI 2)

While we will not entirely discount the idea that there may be some amount of usable data in
some of the poorly designed studies, we do feel that it is important to state in strong terms that
the design flaws in many of these studies are significant enough to threaten the study’s external
validity. This means that they are not meaningful for assessing the broad capability
of FTEs to make accurate source conclusions.

6.1 Closed and Open Set Studies

Study designs which are closed-set and involve multiple knowns threaten internal validity, as
the study design is such that it does not allow us to estimate the number of comparisons

50Donald T. Campbell, Factors relevant to the validity of experiments in social settings., 54 PSYCHOLOGICAL
BULLETIN 297-312 (1957), http://doi.apa.org/getdoi.cfm?doi=10.1037/h0040950 (last visited Jun 19,
2022).

51Spiegelman and Tobin, supra note 48.
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performed by the examiner (and thus, an overall error rate cannot be calculated). In addition,
these designs introduce constraints that allow conclusions based on factors unrelated to the
firing process. As a result, closed-set, multiple-known studies produce a biased error rate
that reflects other factors in addition to the examiners’ proficiency in making evidence based
conclusions.

The community of researchers and practitioners appears to have taken this concern
to heart. In a recent review of selected studies between 1998 and 2021, Monson et
al. (2022, pg. 2) find that the closed set design is mainly used in studies prior to
the publication of the PCAST Report (seven out of twelve summarized pre-PCAST
studies). In turn, only two of six post-PCAST studies summarized by Monson et
al. (2022, pg. 2) use the closed set design. (BBC pg. 24)

We acknowledge that most studies conducted since the PCAST report have used improved
designs, however, we still feel the need to emphasize the issues involved in closed-set designs
because some expert witnesses (and the FBI) still cite these studies and argue that they are
useful when estimating examiner error rates.

The FBI uses the term a “partially open set study” to indicate a study with multiple knowns
and one unknown.

A “partially open” test design is an inter-comparison design where there are some
unknowns having no matching pair. (FBI pg. 2)

This is what we would call an open-set design; the FBI is conflating two different experimental
design considerations: whether or not every unknown sample has a known in the set, and
whether there are multiple knowns included in the set. This distinction is important, because
it speaks to how we derive the number of comparisons made by the examiner:

e In an open set with multiple known samples, if there is a match between the unknown
and one of the knowns (which is not guaranteed), the examiner does not have to examine
the correspondence between the unknown and any remaining, unexamined knowns. This
means that we do not know how many elimination comparisons were completed by the
examiner. If there is no match between the unknown and any of the knowns, then we
can assume the examiner compared the unknown to all of the known samples. We can
arrive at an upper bound and a lower bound for the number of comparisons performed,
but we cannot precisely estimate the overall error rate, the sensitivity, or the specificity.

¢ In a closed set with multiple known samples, we cannot determine how many comparisons
were performed for any of the unknown samples, because examiners stop looking once a
match is found. Because examiners tend to assume that studies are closed-set even when
not directly told that this is the case, it is possible to use logical deduction to reduce the
potential for error in these studies.
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e In an open set with only one known (a “kit” style set), we know that the examiner
could only perform one comparison. These studies make the calculation of the error rate
much easier by removing any statistical guesswork and/or ambiguity from the error rate
calculation process.

o No one has attempted (nor should attempt) a closed-set study with only one known,
because this would be reductive to the point of providing no information.

The number of comparisons made by the examiner is essential when calculating the error rate
for the study, since the total comparisons is the denominator of that ratio. The unfortunate
term “partially open” suggests that the FBI does not fully understand that the open-set issue
is only part of the design problem; the inter-comparison designs which include multiple knowns
are in fact a large issue as well.

Fundamentally, the problem with closed-set studies is that they under-estimate the false elim-
ination rate (because examiners know that the unknown matches one of the knowns) and also
under-estimate the rate at which examiners provide inconclusive decisions. This is a threat to
the internal validity of the study (in that error rates cannot be calculated properly) and the
external validity of the study (because information is present in the test which is not present
in case work). The problem with inter-comparison designs (designs with multiple knowns) is
that they threaten the internal validity of the study, because we cannot calculate the number
of comparisons completed by the examiner.

6.2 Human-in-the-Loop Study Design and Analysis

One argument put forth by BBC suggests that we cannot validate tests which require subjective
human judgement in the same way as chemical and medical laboratory tests are validated. This
is fundamentally wrong.

In such validation studies, many test items with known ground truth status are
processed and the number of correct and incorrect responses are recorded, leading
to standard performance metrics such as sensitivity and specificity. Results of
such validation studies can then serve as an indication of the performance with
which a test can be expected to operate when applied by consumers (assuming,
again, they properly operate the test). Consequently, there can be discussion about
whether the performance characteristics of a candidate test are “good enough” to
be deployed in a particular context of application. (BBC pg. 16-17)

Arguably, there is no generic and human-independent performance measure for
feature comparison in forensic firearm examination, akin to performance character-
istics used for traditional laboratory testing procedures. (BBC pg. 18)
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First, there is nothing in the description of validation studies in general which would seem to
not apply to firearms and toolmark examination, other than the idea that a consumer is the
one operating the test. If we consider a “standard” chemical test such as a home pregnancy
test, the examiner is analogous in this case to the test strip (which is a slightly dehumanizing
comparison, but we will work within the analogy set up by BBC). The goal of any entity
regulating the use of such tests, whether the court or the FDA, would be to determine whether
the test is reliable in discriminating between the possible states of nature the test is designed
to discriminate between: pregnant or not pregnant, same source or different source. If there
is variability in the test’s performance under different circumstances (or different examiners),
then it is important to know that at the outset, before the test is approved for general use -
that variability will factor into the overall error rate, leading to a range of possible error rates
(which is something that statistical calculations are designed to handle: after all, statistics
is the study of variability). So while we agree that there is variability in the performance of
different examiners, we do not agree that it is useless to consider a discipline-wide error rate for
the comparison of different types of marks on the basis that there is additional variability due
to the human “in-the-loop”. We would expect that impression-based marks would potentially
need to be considered separately from striation-based marks (because the necessary features
for comparison are very different), but unlike BBC, we do not consider a general summary
statistic about the error rate of evaluating one type of marks to be a useless measure. In
fact, their insistence that discipline-wide error rates are useless is at odds with a number of
statements from researchers in the discipline that are found in error rate studies as well as
in reports such as those issued by PCAST and NAS. More fundamentally, the error rate of a
technique is at the heart of any scientific evaluation of that technique; this is one reason why
it is listed in the criteria for admissibility under Daubert.

Even if we concede that the human-in-the-loop nature of firearms examination makes it unlike
validation of a chemical test, that does not meant that error rates are invalid or that study-
ing the performance of humans in a general sense is not important. Many medical imaging
procedures also require a human to make a qualitative and even binary judgements (cancer or
benign lump? appendicitis or not?) that include the presence of inconclusive results (when,
e.g. the appendix cannot be identified on a scan of the abdomen),’® but the medical com-
munity also actively studies the error rates of these diagnostics and the performance of the
human examiners, calculates discipline-wide error rates and diagnostic utility rates (including
inconclusives as negative outcomes), and is actively investigating the clinical use of algorithms
that support human decision-making.?®

There are other ways in which comparing pattern forensics black-box studies to medical studies
is useful. Like black-box studies, medical studies are typically conducted on volunteers, how-
ever, there are significant differences in the statistical and scientific rigor in medical studies

52Jacob L. Jaremko et al., Incidence and Significance of Inconclusive Results in Ultrasound for Appendicitis
in Children and Teenagers, 62 CANADIAN ASSOCIATION OF RADIOLOGISTS JOURNAL 197-202 (2011), https:
//doi.org/10.1016/j.carj.2010.03.009 (last visited Jun 9, 2022).

53Nan Wu et al., Deep Neural Networks Improve Radiologists’ Performance in Breast Cancer Screening, 39
IEEE TRANSACTIONS ON MEDICAL IMAGING 1184-1194 (2020).
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that are worth examining:

e Medical studies take great pains to ensure that the volunteers selected for a study are
demographically representative of the population®.

o There are strict guidelines for preregistration of study designs.’

e Study results for preregistered designs must be reported even if the conclusions from the
study are not statistically significant. This requirement is intended to combat the “file
drawer problem”, an area of potential bias that we did not even start to address in our
initial affidavit. The file drawer problem is a well known phenomena in many other areas
of science, however, and it is reasonable to expect that forensic science is not exempt.

e Study results are reported and analyzed accounting for participant drop-out biases

o Collected data (in anonymized form) are published along with the study so that other
scientists can repeat the analysis for themselves.

5

What is remarkable about the comparison to medical studies is that none of the conventions
for appropriate scientific rigor in medicine are observed in studies of firearms and toolmark
examiner error rates. Granted, study preregistration is not a convention observed in all dis-
ciplines, but if we accept the analogy to clinical trials because of the serious consequences of
the results, it stands to reason that validation studies should be observing this level of exper-
imental and scientific rigor. One of the biggest issues with forensic validation studies is that
the collected data are not made available to other researchers for reanalysis - this is contrary
to basic conventions of scientific ethics.

6.2.1 The Use of Objective Assessment Tools

Although research is currently underway on computer-based methods for compar-
ing questioned and known items, and assigning probative value to comparisons, in
the current state of forensic practice such methods are not yet widely employed
for case-specific evaluations, if at all. Instead, automatic comparison methods are
mainly used for investigative purposes, such as the screening of large databases and
retrieving specimens with similar features and ranking these specimens according
to their degree of similarity with respect to a searched item. (BBC pg. 10)

Many of the problems identified with participant sampling become less problematic for exter-
nal validity if objective methods are used which reduce the variability of examiner conclusions
by providing quantitative information that is similar across examiners, reliable for decision-
making, and the result of audit-able, explainable calculations. We firmly believe that this is
the best path forward for pattern-based forensic evidence, and we have been actively involved

54NIH funding guidelines now require that studies proposed ensure inclusion of women and minorities in propor-
tions that allow generalization to the relevant population under investigation (National Institutes of Health,
supra note 31).

55David T. Mellor & Brian A. Nosek, Easy preregistration will benefit any research, 2 NATURE HUMAN BE-
HAVIOUR 98-98 (2018), https://www.nature.com/articles/s41562-018-0294-7 (last visited Jun 18, 2022).
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in developing, implementing, and validating algorithms intended for direct item-to-item com-
parisons®®. These algorithms are different from database searches such as NIBIN and IBIS
that are designed to return the N closest matches from the database in that they provide a
direct measure of feature similarity between two specified samples.

One issue raised by both the FBI and BBC, as well as other expert witnesses, is that researchers
at the Center for Statistics and Applications in Forensic Evidence (CSAFE) has used data from
error rate studies in our own research. One reason we have been able to make use of this data
is that because we design algorithms, we can be sure that some of the biases which exist in
validation studies do not exist in our research. This distinction is illustrative of the differences
between algorithm validation studies and examiner validation studies. Consider, for instance,
our use of data from closed-set studies®” when developing an algorithm for assessing the simi-
larity of different bullets. We obtained several test sets used in the study and, using a digital
microscope, created 3D scans of the surface of the fired bullets. Then, we developed statistical
methods to calculate features from those 3D scans; these features were fed into an algorithm
that takes two scans, computes the features, and evaluates the similarity of the two features,
eventually boiling down all of that data into a number between 0 and 1, where 0 indicates
extreme dissimilarity and 1 indicates extreme similarity between the two scans. We know that
our algorithm is not capable of using any of the information about the fact that the scans are
from a closed-set study, because we can see exactly what features are being computed and
how those features are combined to arrive at the final similarity score. That is, our algorithm
is audit-able and fundamentally transparent in a way that the examiner’s conclusion is not.
We know exactly what information was used to train the algorithm, and how generalizable
the algorithm is to data outside of the training set (for instance, its performance on a differ-
ent model of firearm with similar manufacturing techniques)®®. Because our algorithm does
not depend on examiner responses to the validation study, but instead depends only on the
3D scans of bullets sent to examiners, we can use the bullet scans without compromising our
algorithm’s internal or external validity.

In addition, some CSAFE researchers who are not part of this discussion have used validation
study data in order to demonstrate the use of statistical analysis techniques in forensics con-
texts. We are not the extremists that BBC and the FBI have painted us as: we will continue
working within the system to improve statistical analysis methodology at the same time as
we push for better study designs and the use of objective assessment methods. We see this
as the most pragmatic approach to improve the discipline as a whole: while we will continue
to argue that error rates derived from FTE validation studies are not sufficiently reliable for
use, we will also push for the adoption of better statistical analysis methods in the academic

56Eric Hare et al., Automatic matching of bullet land impressions, 11 THE ANNALS OF APPLIED STATISTICS
2332-2356 (2017); Susan Vanderplas et al., Comparison of three similarity scores for bullet LEA matching,
FORENSIC SCIENCE INTERNATIONAL 110167 (2020), http://www.sciencedirect.com/science/article/pii/S037
9073820300293 (last visited Feb 10, 2020); JOE ZEMMELS, HEIKE HOFMANN & SUSAN VANDERPLAS, CMCR:
AN IMPLEMENTATION OF THE 'CONGRUENT MATCHING CELLS’ METHOD (2022).

5"Hamby et al., supra note 54.

58Vanderplas et al., supra note 65.
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forensic evaluation literature.

6.3 Are Tests Like Casework? An Assessment of External Validity

One of BBC’s arguments against the calculation of a general domain-wide error rate is that
existing studies fall short of mimicking casework and may not apply to a particular case:

[Black box]| studies give only a snapshot of the performance of a selected number of
examiners in conducting a particular task under more or less controlled experimen-
tal conditions. The experimental nature of these studies implies that, by definition,
they fall short of mimicking casework conditions to at least some extent and may
not apply to the circumstances in a particular case. (BBC pg. 18)

There is at least one study”® that used blind proficiency testing, which mimics casework better
than most studies in that 1) it is truly blind, that is, the participants are not aware that they
are being tested®’, and 2) the study incorporates the verification protocols used at Houston
Forensic Science Center (HFSC), which are not usually incorporated into the error rate cal-
culations in black-box studies. In addition, this study is free from some of the participant
selection biases present in other studies by virtue of the fact that examiners were essentially
compelled to participate as part of continued employment, and thus sampling and selection
biases were not a concern. As with most things, however, there are trade-offs: the more narrow
the study’s participants, the lower our ability to generalize results to a wider population. This
study only covered the Houston Forensic Science Center, so it is difficult to generalize the
results outside of examiners at HFSC, where different protocols would be used and examiners
would be expected to have different training and mentoring opportunities.

A similar statement is found in the FBI’s response:

Another important point is that these studies capture the participants’ conclusions
without the benefit of the verification process and other quality control measures
utilized during actual casework. These measures include independent examination
of the evidence by another qualified examiner (i.e., verification) before a report may
be issued. They also include administrative and technical review of an examiner’s
report. These quality control measures would likely lower the error rates reported
in these studies even further. (FBI pg. 4)

59Maddisen Neuman et al., Blind testing in firearms: Preliminary results from a blind quality control program, 67
JOURNAL OF FORENSIC SCIENCES 964-974 (2022), https://onlinelibrary.wiley.com/doi/abs/10.1111/1556-
4029.15031 (last visited Jun 18, 2022).

60note that this definition of “blind” is more strict than that sometimes used by forensic scientists, in which
a blind test means that the person being tested doesn’t know the answers (cite Bunch & Murphy).In
experimental design, the notion of “blind” testing refers to participants and experimenters not knowing who
was assigned to each treatment group because such knowledge might influence the test evaluation. In order
for the same aim to be achieved in forensic tests, we must instead ensure that the examiner does not know
that they are being tested so that we can more accurately measure how they respond to case work.
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We would love to see more error rate studies conducted using blind proficiency tests; such
studies clearly have better external validity in some respects, even if they often cannot be
generalized outside of the laboratory where they were conducted. We recognize that not all
laboratories have the resources of HFSC, and that such testing is expensive; as a result, it is
still beneficial to the discipline to have error rate studies which serve as estimates of examiner
error without the benefit of verification processes, because such estimates are usually derived
from examiners across multiple laboratories and thus can, under the right sampling procedures,
be generalized to a wider population of examiners. If the data from these proficiency tests were
made available to the community in an anonymized way, it might even be possible to assess
the effect of the verification process on the error rates, which would be useful information for
interpreting studies without that verification process (it might be possible to estimate e.g. the
magnitude of the reduction in error based on a verification process similar to that used at
HFSC).

If the circumstances of a particular case are such that error rate studies are not applicable, as
suggested by BBC, then that is something that should likely be brought up when the firearms
and toolmark expert is testifying and during cross-examination. While it is unlikely that a
specific error rate or numerical adjustment could be identified, this would at least allow the
judge and/or jury to identify a starting point and a direction in which the error rate might be
revised.

Our prior statement, and this statement, address the general discipline of firearms and tool-
mark examination. We focus on assessing the question of whether firearms and toolmark
evidence has broad scientific support, with the conclusion that while there is some scientific
evidence to support the idea that firearms and toolmark examination is useful for assessing
questions of source, the quality of that evidence falls well short of that required for “broad sci-
entific support” due to fundamental issues with internal and external validity in the validation
studies which exist to date.

6.4 Nonresponse Bias

It is common for studies involving human subjects to involve some degree of drop-out or
nonresponse. Individuals may agree to participate in a survey and then fail to actually engage
(drop out) or they may leave some survey questions unanswered (item nonresponse). There
are many statistical methods to handle these problems.5!

In order to begin to address these problems, researchers first have to acknowledge them. In
every study we have reviewed, the limitations due to nonresponse and drop-out bias are not

61There are in fact, entire areas of statistical research devoted to such methods. For some examples, see
Roderick JA Little & Donald B Rubin, 793, STATISTICAL ANALYSIS WITH MISSING DATA (2019) and Jae
Kwang Kim & Jun Shao, STATISTICAL METHODS FOR HANDLING INCOMPLETE DATA (2014).
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acknowledged. No study utilizes common statistical methods for assessing the impact of nonre-
sponse and drop-out bias®2. More troubling, these studies do not release any data to facilitate
other researchers filling in these gaps.

As the holders of the data, the researchers conducting validation studies are the ones who
bear the burden of addressing the missingness in their analyses. Choosing the correct meth-
ods depends on exploring the patterns of missingness in the data. Instead, currently, these
researchers ignore the problem and proceed with inappropriate statistical analyses- despite the
availability of existing appropriate methods that could be used.

The authors of BBC and the FBI responses do not refute these statements. Instead, they
attempt to distract from the issue.

This assertion is a further example of the use of a true statement (here: the exis-
tence of non-responses) for suggesting conclusions based on assumptions for which
actual evidence is lacking. That is, Vanderplas et al. (2022) provide no basis to
believe that all non-respondents would render erroneous answers; an error rate
based on such an extreme assumption is hypothetical and not conducive of advanc-
ing a constructive discourse over what the potential of error could realistically be.
In line with our discussion throughout this document, we reiterate that (i) the
imperfection of existing studies and related data is not contested, (ii) imperfect
data should not be dismissed entirely (provided that limitations are properly ac-
knowledged), but interpreted within the relevant scope (e.g., limiting conclusions
to those examiners who properly responded), and (iii) even if data were perfect (in
strict statistical terms), the resulting domain-wide error rate would characterize
an abstract question and, hence, be of limited practical usefulness. (BBC pg. 27)

As we have discussed, limitations are not being acknowledged. We are also not arguing im-
perfect data needs to be dismissed entirely. Instead, we assert the simple fact: researchers
are inappropriately using methods developed for completely observed data for data which are
far from completely observed. Deflecting again from this issue, the authors of BBC take um-
brage with our suggestion that the nonresponse is likely leading to underestimates of the error
rates.

The Statement claims that “[g]iven what we know about why people drop out of
black box studies; we would expect that studies with non-response bias underesti-
mate the error rate.” It is unclear what the Statement “knows” about why people
drop out of black box studies, as it cites no data that supports this claim. (FBI

pg. 11)

Research into testing and assessment in the educational setting has consistently indicated that
“intuition and empirical evidence” support that “[E]xaminees are more likely to omit items

62Angela M Wood, Ian R White & Simon G Thompson, Are missing outcome data adequately handled? A
review of published randomized controlled trials in major medical journals, 1 CLINICAL TRIALS 368-376
(2004), https://doi.org/10.1191/1740774504cn0320a (last visited Jun 23, 2022).
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when they think their answers are incorrect than items they think their answer would be
correct.”%3 If an examinee is proficient enough to know when they are likely to be incorrect, then
this type of behavior will lead to an underestimate of error rates if missingness is ignored.

We rely on what is known about testing more generally to suggest a direction of bias because
the data from validation studies are typically not shared. To our knowledge, no ballistics
validation study has released any data capable of being analyzed by a third party. However,
a recent study for palmar prints by Eldridge, De Donno, and Champod® did release some
data. While the released data does not contain sufficient information to apply methods to
adjust for missingness, it does allow for the beginning of an exploration of the patterns of
missingness. For example, Eldridge, De Donno, and Champod®® identified two factors that
were at associated with higher false positive error rates among examiners. These factors were
being a non-active examiner and being employed by an agency outside of the United States. We
explored both characteristics and their relationships with missingness. Our analyses indicated
that being employed by an agency outside of the United States was also associated with a
higher likelihood of examiners failing to respond to over 50% of their assigned comparisons. In
other words, a group of examiners who were disproportionately likely to make false positives
were also disproportionately likely to skip comparisons. Thus, for this study, there is evidence
that the false positive error rate calculated ignoring the missingness is an underestimate.

7 Inconclusives

7.1 The Importance of Both ldentification and Elimination

When courts choose to consider the known or potential rate of error as a factor
bearing on reliability, the key concern for admissibility is the frequency of false
identifications. (FBI pg. 1-2)

The FBI is not alone in their assertion that only false identifications are important. Such claims
are made by expert testimony® and even in the PCAST report, the criteria for foundational
validity of a forensic discipline are the sensitivity rate and the false-positive rate.5” We agree
that the false positive (false identification) rate is important, but there are fundamental issues

63Robert J Mislevy & Pao-Kuei Wu, Missing responses and IRT ability estimation: Omits, choice, time lim-
its, and adaptive testing, 1996 ETS RESEARCH REPORT SERIES i-36 (1996) pg. 16. See also, Steffi Pohl,
Linda Grafe & Norman Rose, Dealing with omitted and not-reached items in competence tests: FEvaluating
approaches accounting for missing responses in item response theory models, 74 EDUCATIONAL AND PSYCHO-
LOGICAL MEASUREMENT 423-452 (2014) and Shenghai Dai, Handling missing responses in psychometrics:
Methods and software, 3 PSYCH 673-693 (2021).

64 Supra note 39.

651d.

66Todd Weller in People v. Ross, 68 Misc. 3d 899, 129 N.Y.S.3d 629, 2020 N.Y. Slip Op. 20153 (N.Y. Sup. Ct.
2020)

S"PRESIDENT’S COUNCIL OF ADVISORS ON SCIENCE AND TECHNOLOGY, supra note 49, pg. 159.
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with the focus only on identifications when we look at the structural setup of evaluating
examiner conclusions, summarized in Figure 1.

Similacity ! = Similarity

Differences >

Identification Inconclusive Elimination Identification Inconclusive Elimination

Same Source Same Source

Different Source Different Source

Figure 1: If examiners only spot similarities, then the classification scheme on the left is ap-
propriate and examiners should confine themselves only to claiming to be able to
make identifications, grouping inconclusives and eliminations together as having in-
sufficient similarity to make an identification. If examiners spot similarities and
differences, then it is important to evaluate the error rate of both false identifica-
tions and false eliminations, as it speaks to the fundamentals of the claims examiners
make about their abilities.

If examiners are only able to spot similarities, then there should be only one threshold: either
the samples under comparison are sufficiently similar, or they are not. This results in a binary
classification problem - one which neatly matches the true state of the evidence: either the
two items were from the same source, or they were from different sources.

If examiners can spot similarities and differences, but only focus on similarities, then they
are ignoring available evidence which might be exculpatory, either because of training biases
to look for similarities or because identifying differences is a harder cognitive problem. In
this case, the system is set up to evaluate examiners based on whether they can identify
both similarities and differences, with a middle category of inconclusive for examiners to use
when there is insufficient evidence in either direction. Using such an evaluation system while
focusing only on one type of error is problematic from the standpoint of objectively evaluating
examiners’ claims about the scientific nature of their discipline.

The FBI’s discussion of the concept of the “Best Known Non Match” suggests that they are
looking only at similarities:

The ability to assess pattern agreement develops during training when an examiner
evaluates the “best” agreement between two specimens known to have originated
from different sources — “the Best-Known Non-Match.” (FBI pg. 3)

while BBC suggest that there is not even agreement on what different examiners might consider
similarities and/or differences:
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different examiners may assign different evidential values to observed features, and
they may even disagree about what exactly constitute similarities and differences
(in accidental characteristics) for a given pair of compared items. (BBC pg. 10)

We bring up the issue of how errors are counted in part to point out that even the basic criteria
underlying subjective assessment of firearms and toolmark evidence are not agreed upon by
examiners, and in part because there is a fundamental mismatch between the evaluation criteria
examiners appear to use and the way the errors assessed in the community. This issue is at
the heart of our paper on inconclusives®®. While BBC identify statements made in this paper
as inconsistent with statements in our affidavit, we would like to highlight the difference in
context: in the Law, Probability, and Risk paper, we were examining specifically the use
of inconclusives in error rate studies; in our affidavit we were examining the utility of error
rate studies when evaluating the discipline of firearms and toolmark examination. The latter
is a much broader question which requires consideration not only of study design, but also
of sampling and general statistical procedures. We are accustomed to the nuances of data
collection and analysis, including framing the question under investigation in such a way that
it can be precisely answered within the bounds of the data which has been collected.

7.2 Probative Value of Inconclusives

“... a typical item of evidence (or observation made by a scientist) may not only occur
when one hypothesis (i.e., one version of a contested event) is true, but also when
an alternative hypothesis is true.” .. “We note that what is of crucial importance
for our discussion throughout this document is that, in general, for evidence to have
probative value with respect to two competing hypotheses, the probability that the
evidence would arise under one hypothesis must be different from the probability
of that evidence to arise under the respective alternative hypothesis. In essence, we
would like to have evidence that is (much) more typically encountered if one version
of a contested event is true rather than some alternative version. Evidence that
has this property is said to have discriminative capacity — i.e., it has (probative)
value” (BBC pg. 10-11)

Using this definition, we have previously shown%’ that inconclusives have probative value - they
are much more likely to occur when evidence is from different sources than when evidence is
from the same source. While we acknowledge that there is considerable disagreement between
experts in the area of inconclusives, we firmly believe that the treatment of inconclusives as
correct decisions by FTEs and error rate studies is not correct based on the logic that underlies
most scientific studies: statistical hypothesis testing.

68Hofmann, Vanderplas, and Carriquiry, supra note 26; It is customary in statistics to cite the print edition
once the paper has been released; this is why in the responses the paper is given the year 2020 and in our
citation it is listed as 2021. The paper was released online before the official release of the print edition.
69Hofmann, Vanderplas, and Carriquiry, Id.
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In a statistical hypothesis test, we start out with a conclusion that we want to disprove, called
the null hypothesis (H, in mathematical notation). The null hypothesis might be “Plant
growth is not associated with increased moisture”, or it might be “the two items originate
from different sources”. Then, a statistical experiment is conducted and evidence is assembled,
with the assumption that the null hypothesis is true. A probability is calculated which rests
on the assumption that H is true; if that probability is sufficiently small, then we conclude
that we are unlikely to have observed our data if H is true, and that it is more likely that H,,
is false and that the alternative is true.

On the left side of Figure 1, it is possible to see how this plays out in firearm and toolmark
assessment. We start by assuming that the two pieces of evidence come from different sources.
As the FBI has indicated, examiners are trained to look for similarities, suggesting that as
similar features accumulate, the conclusion moves from “different sources” to “same source” -
that is, the accumulation of similarities between the two items causes the examiner to reject the
null hypothesis and conclude that the items must have been originated from the same source.
If sufficient evidence to refute H,, does not accumulate, we cannot say anything about H, or
the alternative, H,. That is, we do not ever “accept” that H, is true (that is, an examiner
would never need to conclude that the sources of the items were different); we simply do not
have enough similarities to reject the hypothesis that the two items are from different sources.
It would, of course, be possible to start from the opposite conclusion: we could start with a
null hypothesis that the two items are from the same source, and look for differences. This
is not, however, how examiners seem to arrive at their conclusions. Rather, it seems that by
training and in describing how they arrive at their decisions, examiners overwhelmingly focus
on similarities.

This statistical hypothesis testing logic is very similar to the framework of the criminal justice
system. If the jury is convinced “beyond a reasonable doubt”, then the defendant is declared to
be guilty (the presumption of not guilty, H,, is rejected in favor of the H 4 of guilt). Otherwise,
the defendant is declared to be “not guilty”. There is no way for the defendant to be declared
innocent, because the system is set up to refute the starting premise that the defendant is
not guilty, with evidence presented that accumulates against that hypothesis until a certain
threshold is met.

What the FBI and BBC are advocating for, that is, the utility of inconclusives, is akin to having
a legal system in which individuals are judged guilty, not guilty, or unknown. While that is
something that would reduce the probability that the innocent are convicted or the guilty go
free, it also allows for a large grey area in what is set up to be a decisive, binary system. The
judicial system would not function well if a large proportion of cases were inconclusive and
did not reach some sort of decisive resolution, but forensic disciplines tolerate this situation
because it decreases nominal error rates.
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8 Conclusion

As we have demonstrated in this document and our previous affidavit, there are substantial
threats to both the internal and external validity of currently available firearms studies. Sta-
tistically, these concerns are primarily the result of the design and analysis of firearms and
toolmark error rate studies, rather than as a result of the work that examiners do on a day-
to-day basis. The external validity of FTE error rate studies is threatened by participants’
self-selection into the sample population, limited assessment of the impact of different combi-
nations of ammunition and firearms, and poor assessment of the impact of nonresponse bias
on the error rates reported in each study. In addition to these threats to the generalizability
of results, there are also threats to the internal validity of the studies: past use of closed-set
and multiple-known comparison set study designs, poor statistical practice, and the treatment
of inconclusives.

We remain firm in our conclusion that the estimates established from fundamentally flawed
studies with threats to both internal and external validity are not sufficiently sound to be
used in high-stakes situations, including medicine, law, and engineering applications where
individuals’ lives, health, or freedom are at stake.

We declare under the penalty of perjury and pursuant to the laws of the state of Illinois that
the statements above are true and accurate to the best of our knowledge.

Alicia Carriquiry Heike Hofmann Kori Khan Susan Vanderplas
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US v Kaevon Sutton (2018 CF1 009709) Biedermann, Budowle and Champod

1 Preliminaries

1.1 Authors’ biographic abstracts

1.1.1 Alex Biedermann, Ph.D.

I, Alex Biedermann, Ph.D., am an Associate Professor (since 2016) at the School of Criminal Justice (SCJ) of
the Faculty of Law, Criminal Justice and Public Administration of the University of Lausanne (UNIL, Lausanne,
Switzerland).! T hold a Master of Science degree in Forensic Science. My Ph.D. thesis focused on graphical
models and probabilistic inference for evaluating scientific evidence in forensic science (2007).

From 2003 to 2010, I worked as a scientific advisor on forensic evidence in the Swiss Federal Department of
Justice and Police (Berne, Switzerland) in cases investigated by the Office of the Attorney General of Switzerland.
Subsequently, I worked as a co-developer of the worldwide first postgraduate education program (e-learning)
in forensic interpretation,? delivered by the Foundation for Continuing Education UNIL-EPFL? (Lausanne,
Switzerland, 2009-2015). I am currently affiliated with this program as a member of the board of academic
directors.

In my position as Associate Professor at UNIL, I teach interpretation of scientific evidence and decision
analysis for Master students in law (at UNIL’s School of Law) and Master students in forensic science (at
UNIL’s SCJ), with previous visiting appointments at partner institutions in China and Australia. The teaching
for Master students in forensic science includes a series of specialized lectures on the interpretation of results of
firearms examinations and of gunshot residue analyses. I also co-developed UNIL’s MOOC (Massive Open Online
Course) Challenging Forensic Science: How Science Should Speak to Court (freely available on coursera.org in
English, French and Italian).

I have conducted visiting research stays in Australia, Italy, the United Kingdom and the United States. I
am the principal investigator of the research project NORMDECS (Normative Decision Structures of Forensic
Interpretation in the Legal Process),? initially funded by the Swiss National Science Foundation (2016-2021), and
hosted at UNIL’s SCJ. This project studies fundamental questions of forensic interpretation through probability
and decision theory. It aims at conceptualizing and substantiating forensic inference, both on a theoretical and
practical account, as an integral part of a wider framework for coherent decision analysis in the law. The
project features a highly multidisciplinary perspective by connecting core forensic science and the law with
computational statistics and philosophy of science acting as supporting disciplines.

I have authored or co-authored 150 publications (peer-reviewed articles, law review articles, commentaries,
chapters and books), including 3 books on probabilistic and decision theory methods for forensic evidence
interpretation. I publish in English, German and French. Some of my articles have been translated into Chinese,
Spanish and Italian. I served on the writing committees of the ‘ENFSI Guideline for Evaluative Reporting in
Forensic Science’ (2015),° issued by the European Network of Forensic Science Institutes (ENFSI) and, more
recently, the document ‘The Use of Statistics in Legal Proceedings: A Primer for Courts’ (2020),° jointly issued
by The Royal Society (UK) and The Royal Society of Edinburgh.

I am a fellow of the Royal Statistical Society (RSS, since 2013), a member of the American Association for
the Advancement of Science (since 2015) and a councilor of the International Association of Evidence Science
(since 2017). From 2018 to 2021, I served on the RSS Section Committee ‘Statistics and the Law’.

My qualifications are summarized in my resume (see Appendix A).

IThe SCJ was founded in 1909 and was the first forensic science school in the world. It remains one of the only
institutions in Europe to offer complete training in forensic science covering Bachelor, Master and Ph.D. levels, as well as
continuing education. The SCJ has a longstanding international reputation of excellence for research in forensic science,
education, casework and expert consultancy.

2Certificate of Advanced Studies in ‘Statistics and the Evaluation of Forensic Evidence’ (https://www.formation-
continue-unil-epfl.ch /formation/statistics-evaluation-forensic-evidence-cas/), currently in 11th edition, along with a fur-
ther 6 specialized courses. Since the launch of these courses in 2010, over 200 practicing forensic scientists (laboratory
analysts, expert witnesses, case managers, etc.) from across the world (mainly Europe, U.S./Canada and Australia/New
Zealand) have successfully completed one or more of these courses (course lengths vary between 6 and 18 months).

3Swiss Federal Institute of Technology Lausanne (Ecole Polytechnique Fédérale Lausanne, EPFL)

4www.unil.ch /forensicdecision

Shttps://enfsi.eu/wp-content /uploads/2016/09/m1_guideline.pdf

Shttps://royalsociety.org/- /media/about-us/programmes /science-and-law /science-and-law-statistics-primer.pdf
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1.1.2 Bruce Budowle, Ph.D.

I, Bruce Budowle, recently retired as Regents Professor in the Department of Microbiology, Immunology, and Ge-
netics at the University of North Texas Health Science Center at Fort Worth Texas. I also served as the Director
for the Center for Human Identification where I performed research and managed an operational criminal jus-
tice agency dedicated to anthropology and DNA services. I maintained an active role in research, development,
validation, and implementation of forensic genomics methods to increase capabilities for human identification,
microbiome research and bioinformatic solutions for genomic applications. Prior to these appointments, I was
employed for 26 years at the Federal Bureau of Investigation’s Laboratory Division where I was involved in the
research, development, and validation of numerous DNA methods. I led the team that developed DNA typing
capabilities at the FBI Laboratory in Quantico, Virginia. I ended my tenure at the FBI as Senior Scientist in
the Laboratory Division.

I have extensive experience in all aspects of forensic DNA analyses, including analyses of low-level samples,
mixture analyses, population genetics, statistical interpretations, STR markers, SNP markers, and mitochondrial
DNA. I worked on laying some of the foundations for the current statistical analyses in forensic genetics and
defining the genetic parameters of relevant population groups. I have published more than 700 articles, made
more than 800 presentations (many of which were as an invited speaker at national and international meetings),
and testified in well over 300 criminal cases in the areas of molecular biology, population genetics, statistics,
quality assurance, and forensic biology. In addition, I have authored or co-authored books on molecular biology
techniques, electrophoresis, protein detection, forensic genetics, and microbial forensics.

I was directly involved in developing quality assurance (QA) standards for the forensic DNA field in my role
serving on the DNA advisory Board. I served as Chair and a member of the Scientific Working Group on DNA
Methods, Chair of the DNA Commission of the International Society of Forensic Genetics, and a member of
the DNA Advisory Board. I was one of the original architects of the CODIS National DNA database, which
maintains DNA profiles from convicted felons, from evidence in unsolved cases, and from missing persons. Over
the past two decades I also worked in counterterrorism specifically efforts involving microbial forensics and
bioterrorism. I was involved directly in the scientific aspects of the anthrax letters investigation. I was one
of the architects of the field of microbial forensics and served as the Chair of the Scientific Working Group
on Microbial Genetics and Forensics (hosted by the FBI), whose mission was to set QA guidelines, develop
criteria for biologic and user databases, set criteria for a National Repository, and developed forensic genomic
applications.

I currently research in forensic genomics, particularly in dense SNP analyses for genetic genealogy. I also
currently serve as a Commissioner on the Texas Forensic Science Commission and as a member or the Texas
Governor’s Sexual Assault Survivor’s Task Force.

I led the internal team at the FBI Laboratory to investigate foundations and validity of friction ridge analyses
after the wrongful identification made by the FBI Latent Print Unit in the Mayfield case. I also was the one
who identified the errors in mixture interpretation of DNA evidence by the Department of Forensic Sciences
(DFS) in Washington, DC and supported further investigation into the matter at the request of the United
States Attorney’s Office (USAO). More recently, I was part of the team requested by USAO and the Office of
the Attorney General of Washington, DC that investigated and identified issues related to firearms evidence
generated by the DFS.

My qualifications are summarized in my resume (see Appendix B).

1.1.3 Christophe Champod, Ph.D.

I, Christophe Champod, Ph.D., am a Full Professor of forensic science at the School of Criminal Justice (SCJ,
Ecole des Sciences Criminelles in French) of the Faculty of Law, Criminal Justice and Public Administration
of the University of Lausanne (UNIL, Lausanne, Switzerland). I am the Director of the SCJ and Vice-Dean of
the Faculty. I am in charge of education and research on identification methods (interpretation of DNA, facial
images, fingerprints, toolmarks, footwear marks and firearms).

Ireceived my M.Sc. and Ph.D. (summa cum laude) both in Forensic Science, from the University of Lausanne,
in 1990 and 1995 respectively. I remained in academia until holding the position of assistant professor in forensic
science. From 1999 to 2003, I led the Interpretation Research Group of the Forensic Science Service (UK), before
taking a full professorship position back at UNIL.

I have the privilege to work with a group of about 20 Ph.D. students. The research carried out by my
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group is mainly devoted to the inferential aspects associated with forensic identification techniques. I currently
supervise three Ph.D. students conducting research associated with toolmarks and firearms. The first is working
on the 3D modelling and statistical assessment of toolmarks left on wires by cutting pliers. The second focuses
on the development of an automatic comparison system to discriminate bullets fired from AK-47. The third is
investigating the use of a commercial system called Evofinder® to assess the weight of evidence associated with
marks found on fired bullets.

I maintain an activity as an expert witness in areas of marks and biological evidence interpretation both at
a national and international level. For example, I led a team of forensic specialists tasked with the detection
and interpretation of potential toolmarks found on the inside of the plastic cap of secured anti-doping bottles in

the context of the alleged state doping actions carried out by the Russian authorities during the Sochi Olympic

games.”

Over the years, T published extensively (more than 120 peer-reviewed papers) in the areas of marks and
impressions mainly on the weight to be attached to these marks. In 2001, I co-authored the first black box
study on palmar friction ridge comparison. On the specific aspects of firearms and toolmarks, I published 3
papers in the AFTE (Association of Firearm and Tool Mark Examiners) Journal and 3 papers in, respectively,
the journals Forensic Science International and Journal of Forensic Sciences.

I am a member of several professional bodies and scientific committees. For example, I am an affiliate
member of Friction Ridge subcommittee of the Organization for Scientific Area Committees (OSAC).

For my contribution to forensic science, I received in 2015 the Distinguished ENFSI Scientist Award. ENFSI
is the European Network of Forensic Science Institutes. In 2018, for my contribution to the good of the
Profession, I received the Henry Medal Award from the Fingerprint Division (formerly The Fingerprint Society)
of the Chartered Society of Forensic Sciences (CSFS). In 2020 I was awarded the Douglas M. Lucas Medal of
the American Academy of Forensic Sciences for my “contributions to forensic identification.”

My qualifications are summarized in my resume (see Appendix C).

1.2 Request

This statement has been prepared in reply to a request received from Sharon Donovan, Deputy Chief
(Homicide Section) from the U.S. Attorney’s Office, District of Columbia. Specifically, we have been
requested to opine on the affidavit authored by four CSAFE (Center for Statistics and Applications in
Forensic Science) members (herein referred to as Vanderplas et al. (2022)), submitted by the defense in
US v Kaevon Sutton (2018 CF1 009709) in support of their request to exclude or limit the testimony
of the government’s firearms and toolmark expert.

1.3 Aims and scope

The aim of this document is twofold. First, we aim to provide assistance to the Judiciary, legal
professionals, and lay persons in understanding essential concepts pertaining to the field of forensic
feature-comparison as applied to forensic firearms examination. This primer includes (i) the assessment
of the probative value of results of comparative examinations (i.e., forensic feature-comparison), and
(ii) expert performance characteristics in this discipline, especially their measure through error rate
studies. Second, we respond to general and recurrent critiques levelled against error rate studies and
their use in legal proceedings. This response also includes a number of specific critiques expressed in
the affidavit prepared by Vanderplas et al. (2022).

This document is structured as follows. Section 3 introduces the theoretical background on the
probative value of results of comparative examinations performed on elements of spent ammunition
(i.e., bullets and cartridge cases). Based on these background notions, Section 4 examines recurrent
questions and concerns about expert performance in forensic feature-comparison as applied to forensic
firearms examination, and the measurement of such performance through error rate studies. Some of

7A summary of the methodology used on this case has been publicly released:
https://tinyurl.com/Appendix-VII-ESC-LAD-Report (last consulted April 19, 2022)
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these high-level (general) critiques have been expressed in the affidavit by Vanderplas et al. (2022).

In Section 5, we consider and respond to a series of more specific, technical critiques that were
proffered by Vanderplas et al. (2022), levelled against studies of examiner performance (i.e., so-called
error rate studies). Discussion and conclusions are presented in Section 6.

In this document, we seek to adopt a balanced position as independent academics (see also Section
1.4) who have no interest in the specific outcomes of this case. We take balance to mean that we give our
account of forensic feature-comparison in full knowledge that there are two sides represented in court.
Even though our presentation of the properties of forensic feature-comparison will, at times, appear
to favor one side or the other, our views of the discipline of forensic feature-comparison as a whole are
not directed to “proving” the case for any particular side. Instead, our goal is to provide assistance
to anyone asked to give an informed assessment about the merits and limitations of the discipline.
Balance also means that we will express both, points of agreement and points of disagreement with
respect to the various criticisms (of the discipline) that we will discuss. In particular, we will not
refrain from making concessions on any point of criticism (of the discipline) with which we agree.

The scope of our statement is strictly delimited by the following:

e We express no opinion on whether the field of forensic feature-comparison, as applied to firearms
examination, meets or should be considered to meet any specific legal requirement(s) or test(s)
regarding, for example, for admissibility. Our document is intended to serve the decision makers
in these tasks.

e We express no opinion on the quality, accuracy or reliability of any actual forensic feature-
comparison examinations conducted in the particular case, i.e., we do not seek to approve or give
credit to any such work (e.g., its level of quality control or the suitability of the chosen reporting
format and language) as well as the qualification and proficiency of any examiner involved in
such work. We did not review any work performed in this case.

e We express no opinion, nor do we make a recommendation on how conclusions in forensic feature-
comparison should be expressed by reporting examiners in the event that such examinations will
be considered admissible in this case. We solely mention the principal characteristics of the main
reporting formats currently used by practitioners and how the scientific status of those formats
is judged both within and outside the profession.

1.4 Conflict of interest statement

We declare that, to our knowledge, we have no financial connection or family relationship with the
parties involved in this case. Specifically, we (AB and CC) declare that our roles in preparing this
document have been unremunerated. All charges for preparing this document have been directly and
entirely recouped by our employer (The University of Lausanne, Switzerland). BB contributed to the
work in this document pro bono.

We also declare that we are entirely disinterested in how, ultimately, the court will decide on the
admissibility of forensic feature-comparison as applied to firearms examinations. Though we (AB and
CC) conduct research and teach on forensic feature-comparison as part of our academic positions, we
have no direct professional dependence on the discipline of feature-comparison itself and, hence, the
acceptance or otherwise of this field by the Judiciary. Moreover, we (AB and CC) hold critical positions
regarding forensic feature-comparison methodology and have done so in the past, especially in relation
to questions of identification (e.g., Biedermann et al., 2008; Cole and Biedermann, 2020; Champod,
1995, 2000). BB was part of the audit team commissioned by the USAO and Office of the Attorney
General of Washington, DC that recently investigated the firearms issues at the Department of Forensic
Sciences in Washington, DC. We see our role as experts and academicians that are critically assessing
what exactly forensic science can and cannot legitimately purport to achieve in the evaluation and
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interpretation of scientific evidence.

1.5 How to read this document

Section 2 provides an executive summary. Section 3 provides a general introduction to the topic of
forensic feature-comparison as applied to firearms examination. Attention will be drawn to the main
considerations that affect the assessment of the probative value of results of comparative examinations
performed on elements of spent ammunition (i.e., bullets and cartridge cases).

At the end of some of the subsections, grey boxes are inserted. They summarize the key points
addressed in the respective subsections. We recommend readers to take notice of the entire Section 3 as
it will help them understand the position of error rate studies in the area of forensic feature-comparison
as compared to other considerations affecting the probative value of results of feature-comparison
examinations.

Section 4 will build upon the notions introduced in Section 3 in order to address a series of general
questions and concerns about expert performance in forensic firearms examination and the measure-
ment of this performance using error rate studies. Some of these concerns are expressed by Vanderplas
et al. (2022). This section will be structured in a question-and-answer format. Again, a series of
grey boxes with summaries is included to help readers keep track of the main points discussed in the
respective subsections.

Section 5 addresses and further discusses a series of specific critiques that Vanderplas et al. (2022)
raise against the use of error rate studies in the field of forensic feature-comparison as applied to the field
of forensic firearms examination (i.e., the comparative examination of elements of spent ammunition).
A summary and conclusions are presented in Section 6.

2 Executive summary

This report is a response to positions taken by Vanderplas et al. (2022) in their affidavit submitted in
US v Kaevon Sutton (2018 CF1 009709). Vanderplas et al. (2022) advocate a number of positions. The
primary ones, among others, being that (i) a domain-wide error rate is needed for the practitioners of
the firearms and toolmark discipline, and (ii) existing studies regarding the performance of practitioners
have too many flaws to be considered sufficiently sound for use in legal proceedings (e.g., Vanderplas
et al., 2022, at p. 10).

We do not support the position of a domain-wide error rate because it is an ineffective and ill-
defined concept to assess expert performance in a specific case. It is not achievable, and even if it were
achievable, it is dynamic and changing. Moreover, it would overvalue poor performers and undervalue
good performers. Regarding the quality of existing studies, we advocate sound statistical approaches.
However, we do not support the draconian position that because a study is not perfect (as most studies
have limitations) that it does not add value. There is information, such as providing descriptive (i.e.,
summary) statistics, that may aid investigative and judicial proceedings. Moreover, multiple studies,
though each with specific limitations, together can complement each other. Lastly, we point out where
Vanderplas et al. (2022) are inconsistent with the positions they take and where some of the same
authors have advocated alternate views in another recent publication (i.e., Hofmann et al., 2020).

We respond to the affidavit by Vanderplas et al. (2022) by providing, first, some background
information on forensic feature-comparison as applied to firearms examinations. Then, we address
general questions and concerns about expert performance and its measurement in forensic firearms
examinations, drawing also upon relevant discussions, works and (review) reports in other forensic
disciplines. Next, we provide a point-by-point reply to a series of specific, technical critiques that
Vanderplas et al. (2022) have levelled against studies of examiner performance.
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Overall, we respond to the affidavit by Vanderplas et al. (2022) as follows:

Points of agreement

e We agree that existing error rate studies are imperfect in several respects.

e We agree that generalization to the whole population (of examiners) is difficult, but that
“any study only speaks to the error rate of the participants of that study.” (Vanderplas
et al., 2022, at p. 6)

Points of disagreement

e We disagree with the assertion that due to their lack of generalizability, existing data
should be discarded altogether, i.e., suggesting that there is no useful information in such
data.

— All scientific studies suffer from limitations, yet they are not necessarily rendered
unhelpful for advancing a discipline.

— Discarding imperfect data would contradict the view that data can speak — given
suitable acknowledgment of any limitations — to at least the actual participants of a
study.

— Discarding individual and somewhat limited studies would deprive one from seeing
where individual studies can complement each other.

o We strongly disagree that generalizability and, hence, the establishment of a single domain-
wide error rate should be the overarching aim:

— While not entirely useless, because it can provide a starting point for assessments of
performance, a domain-wide error rate would neither be directly informative about
the performance of an individual examiner nor about the probability that an error
was committed in the instant case (i.e., the case at hand).

— Reducing considerations to only a nonspecific, domain-wide error rate would be prone
to overlooking potential problems associated with the mandated laboratory and/or
the individual examiner(s) having worked in a particular case.

— A domain-wide error rate is, ultimately, a practical impossibility because there is con-
stant variation in (i) the population of examiners (new examiners enter the field, oth-
ers leave; individual proficiency evolves over time), and (ii) the types of firearms and
ammunition manufactured (and subsequently present in general circulation). Thus,
it is always possible to argue that existing studies are somehow imperfect, which
renders the call for a domain-wide, contemporaneously valid error rate ultimately
self-defeating.

Conclusions

e Given the elusive nature of the idea of a domain-wide error rate, we conclude that existing
error-rate studies — despite their limitations — are not fatal to the field of forensic firearms
examination as a whole.

e When considering the broad variety of pillars that make up the field of forensic feature-
comparison, we contend that the isolated technical critique of the lack of generalizability
of existing error rate studies is at best unhelpful and, at worst, misleading.

— The critique is ultimately unhelpful because even if a generalized error rate could be
available, it would be of limited value for a direct, case-based assessment of examiner
performance. In addition, the dismissive attitude towards existing error rate studies,
i.e., their wholesale rejection, is not helpful in that it offers no constructive advice on
how the data could be used with properly acknowledged limitations.

— The critique of lacking generalizability is misleading if it induces recipients of expert
evidence to believe that the assessment of the suitability, capacity and merits of
forensic feature-comparison as a whole would only hinge upon a generalized (i.e.,
domain-wide) and unspecific notion of error rate — it surely does not.
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3 The probative value of results of comparative examinations of ele-
ments of spent ammunition (forensic feature-comparison)

3.1 Preliminaries: forensic feature-comparison as applied to firearms examination

This section provides a brief overview of the kinds of materials forensic firearm and toolmark examiners
(FFTE) work with as well as the nature and the purpose of the examinations conducted on these
materials. The examinations we refer to here pertain to the category known as forensic feature-
comparison.

FFTE are commonly asked to help address the question of whether or not particular items of
spent ammunition, typically bullets and cartridge cases, have been fired using a particular firearm
(e.g., seized from a person of interest).® Such a firearm sometimes also is referred to as ‘firearm in
question’; ‘suspect firearm’ or, simply, ‘potential source’ (of marks and traces observable on elements
of ammunition).

FFTE typically work with two types of items: items of unknown source, also called questioned or
evidentiary items (e.g., a bullet recovered from a crime scene), and items of known source, also called
reference or control items. The latter comprise elements of ammunition test-fired under controlled
laboratory conditions.

When comparing questioned and known items, FFTE focus on different types of features and
marks.? A feature can be, for example, a design aspect of an examined item, such as the caliber of a
bullet. In turn, a mark is an observable (surface) modification of an examined item. Broadly speaking,
marks can be impressions or striations. Impressions can be produced when a target surface (of a tool
or firearm) is pressed against (the surface of) another object with sufficient force. For example, the
firing pin of a firearm that hits the base of a cartridge case can leave an impression mark. In contrast,
striations result from one surface moving across the surface of another object with enough force. For
example, striation marks will be produced on a bullet when it is fired through a rifled barrel.

Methodologically, FFTE follow an approach that goes from the general to the particular. That
is, FFTE generally start by looking at so-called class characteristics. Class characteristics refer to
measurable features that characterize a group of sources, such as firearms of a certain caliber and/or
with a certain type of rifling (e.g., with right- or left-hand twisted grooves inside the barrel).!’ Such
features pertain to well-defined, intentionally designed aspects of the manufacturing process of the
firearm. When class characteristics of questioned and known specimens are found to correspond,'!
examinations may proceed further by focusing on accidental characteristics.’?> This term refers to
marks believed to come from random imperfections or irregularities of various surfaces of the firearm,
such as the inner surface of the barrel. These surface features arise accidentally during manufacture
but also during the subsequent use of a firearm, cleaning and maintenance operations, corrosion,
and damage. Generally, configurations of accidental marks tend to vary considerably (e.g., National
Research Council, 2008) between sources (firearms) and, therefore, are widely used by FFTE to help
discriminate between candidate sources.

The comparative examination of class and accidental characteristics on pairs of items (e.g., ques-

8For an accessible overview of this and other firearms-related forensic examinations, see e.g. the primer for courts
issued recently by The Royal Society and The Royal Society of Edinburgh (2021):
https://royalsociety.org/- /media/about-us/programmes/science-and-law /royal-society-ballistics-primer.pdf

9Hereinafter, we will use the terms ‘feature’, ‘mark’ and ‘trace’ broadly as synonyms.

10Strictly speaking, there are also subclass characteristics, shared only by a subset of a given class of firearms.

HWhen there are obvious discrepancies between class characteristics, e.g., when the caliber of a questioned bullet is
clearly larger than the caliber of the firearm of interest (the potential source), the latter can be discarded from further
examinations. The same holds when, for example, the direction of twist of the grooves on a bullet and a barrel are
different.

1211 the US the term “individual” or “individualizing” characteristics is sometimes used.
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tioned and known) is called forensic feature-comparison. Hereinafter, we will use the expressions
‘forensic firearms examination” and ‘forensic feature-comparison (as applied to firearms examination)’

as synonyms. '3

The fundamental purpose of forensic firearms examination is to assess the wvalue of observed sim-
ilarities and differences between questioned and known items (of ammunition) for helping to support
whether or not compared items share a common source, i.e., they have been fired by the same firearm
(Section 3.2).

There is no default or pre-established probative value for any comparison between a pair of ques-
tioned and known items. For example, the quality and the quantity of corresponding and non-
corresponding features may vary from one comparison to another because some firearms are known to
mark better than others.!? In addition, elements of ammunition recovered from crime scenes may be
damaged, fragmented, distorted and/or corroded to varying degrees. Last but not least, different ex-
aminers may assign different evidential values to observed features, and they may even disagree about
what exactly constitute similarities and differences (in accidental characteristics) for a given pair of
compared items.

Although research is currently underway on computer-based methods for comparing questioned and
known items, and assigning probative value to comparisons,'® in the current state of forensic practice
such methods are not yet widely employed for case-specific evaluations, if at all. Instead, automatic
comparison methods are mainly used for investigative purposes, such as the screening of large databases
and retrieving specimens with similar features and ranking these specimens according to their degree
of similarity with respect to a searched item.!6

Thus, currently, computer-based systems are — at best — supporting FFTE in their search and
comparison tasks. But these systems do not replace the need for a FFTE in reaching a conclusion
regarding a given comparison. This current practice raises the question of how a recipient of a FFTE’s
report should deal with reported results of comparative examinations between questioned and known
items of spent ammunition. In the next two subsections, we address two important considerations in
this respect: the discriminative capacity of features observed on elements of ammunition (Section 3.2)
and expert performance characteristics in forensic feature-comparison (Section 3.3).

3.2 Probative value of observations made in feature-comparison
3.2.1 Basic notions of probative value applied to firearms examination

In order for observed features on elements of ammunition to be of value for helping to assess whether or
not two compared items may have been fired by the same gun, the features must have discriminative
capacity. To understand the concepts of value and discriminative capacity, it is useful to start by
introducing the notion of typical evidence (Robertson et al., 2016). We first explain this notion using
general terms and then reconsider it in the context of marks present on elements of fired ammunition.

Typical evidence, in this context, refers to evidence that is less than perfect, i.e., it is only probative
to some extent. Stated otherwise, a typical item of evidence (or observation made by a scientist) may
not only occur when one hypothesis!” (i.e., one version of a contested event) is true, but also when an

13More generally, marks left by a variety of tools, such as screwdrivers, bolt cutters etc., also fall into the category of
forensic feature-comparison, hence the discipline termed ‘forensic firearms and toolmark examination’.

1A possible reason for this is design features. For example, certain types of rifling, such as polygonal rifling, are
known to leave marks that are more difficult to discern, hence posing a challenge during comparative examinations (e.g.,
Heard, 1997), compared to other barrel productions.

15Gee e.g. Mattijssen et al. (2020) for a study on the judgments by FFTE compared to results of a computer-based
method.

16This application is comparable to the use of AFIS (Automatic Fingerprint Identification Systems) for sorting (known)
fingerprints from persons of interest and fingermarks of unknown source.

7 Throughout this document, we use hypothesis and proposition interchangeably to refer to statements (e.g., versions
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alternative hypothesis is true.'® We will give examples for this situation in due course. Meanwhile, we
note that what is of crucial importance for our discussion throughout this document is that, in general,
for evidence to have probative value with respect to two competing hypotheses, the probability that
the evidence would arise under one hypothesis must be different from the probability of that evidence
to arise under the respective alternative hypothesis (e.g., Friedman, 2017, at p. 70). In essence, we
would like to have evidence that is (much) more typically encountered if one version of a contested
event is true rather than some alternative version. Evidence that has this property is said to have
discriminative capacity — i.e., it has (probative) value.

Let us now turn to features and marks observable on elements of spent ammunition and see how
such observations can have discriminative capacity in the sense described above. Consider an example
involving the observation of class characteristics on a fired bullet, such as the caliber, the number of
landmarks!® and the direction of their twist. Suppose further that (i) there is a candidate firearm
thought to have been used to fire the bullet in question, and (ii) the firearm at hand is “compatible” in
terms of the caliber and the rifling of the barrel (number of lands and grooves and the direction of its
twist). Clearly, in such a case, the observation of these class characteristics on the questioned bullet
is more probable?’ if the firearm at hand was used to fire the questioned bullet than if some unknown
firearm was used. The reason for this position is the uncontested fact that firearms vary widely in their
class characteristics.

To take these ideas further, we can say that the rarer the combination of observed class charac-
teristics, the greater is their discriminative capacity. There is value, thus, in class characteristics in
that they allow one to narrow down the potential source population (Champod, 2000). Here, potential
source population means the population of firearms capable of firing the bullet in question. Stated
otherwise, the rarer an observed feature combination is, the smaller is the probability of encountering
those features by chance. So, as a general principle, we can say that the smaller the probability of
occurrence of features by chance, the greater is their discriminative capacity and, thus, the greater is
their value in helping to assess whether or not two compared items have been fired by the same gun,
rather than two different guns. Conversely, if many firearms possess a given configuration of (class)
characteristics, then those characteristics have less probative value for narrowing down the population
of potential sources.

The above notion of discriminative capacity also applies to accidental characteristics, i.e., traces
believed to come from features that are not repeatable from one firearm to another. A typical example
for such traces is striation marks on a bullet caused by the rifling features of the inner surface of
the barrel through which the bullet was fired. There is a long history of research in forensic science
devoted to understanding the discriminative capacity — i.e., the probative value — of such traces. For
example, researchers have studied the number of neighboring (consecutively corresponding) striation
marks between pairs of fired bullets known to have been fired using either the same gun or different
guns. While it was found that it is possible to observe a certain number of corresponding striation
marks on pairs of bullets fired from different guns, bullets fired by the same gun tend to have higher
numbers of corresponding (neighboring) striation marks (e.g., Biasotti, 1959).2! Thus, striation marks
have discriminative capacity in the sense defined above.

of contested events) that are either true or false, and that can be affirmed or denied (Anderson et al., 2005).

18 This is different for ideal evidence which always occurs when what one is trying to prove is true, and never occurs
when what one is trying to prove is not true.

19When a bullet is fired through a rifled barrel of suitable caliber, the lands and grooves of the inside surface of the
barrel leave marks on the bullet.

20 Actually, if the firearm at hand is the one used to fire the questioned bullet, then it is expected that class charac-
teristics correspond.

21This observation is conditional on there being no intervening factor (capable to substantially affect the surface
properties of the barrel) between the firing of the two bullets being compared.
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Key points

e Elements of fired ammunition, i.e., bullets and cartridge cases, bear observable features that
can be of value for helping to assess whether or not two compared items have been fired
by the same gun, rather than different guns: such features are said to have discriminative
capacity.

e The probative value (discriminative capacity) of observable features depends on their na-
ture (class and accidental characteristics), their quality, their quantity, and their prevalence
in the population of firearms.

e In principle, a feature (or a combination of features) has probative value for helping to
assess whether two compared items have been fired by the same gun, rather than different
guns, when the probability of observing the feature of interest (or configuration of multiple
features) is greater among pairs of bullets fired by the same gun than among pairs of bullets
fired by different guns.

3.2.2 The difference between categorical conclusions and statements of probative value

Generally, as explained in Section 3.2.1, the smaller the probability of finding corresponding marks and
features is by chance, the higher is the probative value of such corresponding characteristics. Just how
probable it is to find a given configuration of corresponding marks for a given pair of questioned and
known elements of ammunition is, however, a recurrent matter of contention.

Forensic examiners who claim that they are capable of identifying the firearm (to the exclusion
of all others) used to fire a questioned bullet or cartridge assert that they can reduce the potential
source population to a single firearm — i.e., the (seized) firearm examined in that particular case. In
essence, these examiners assert that the probability of observing the corresponding marks is zero in
the event of the two compared items coming from different sources. Stated otherwise, they assert that
it is #mpossible to observe the corresponding features by chance between two bullets fired by different
weapons. This type of statement is one of the strongest that examiners could provide. Identifications
expressed to this degree — also often referred to as individualization — are controversial. For example,
it has been argued that such individualizations are not scientifically based because they go beyond
what can be supported by empirical evidence, and thus they require (euphemistically) a “leap of faith”
(Stoney, 1991, at p. 198). This limitation of categorical identification statements is also acknowledged
in recent reference documents issued by the U.S. Department of Justice (2020) and the Organization
of Scientific Area Committees (OSAC) for Forensic Science (2019).

Other examiners refrain from giving categorical conclusions. Instead, they restrict their reporting
to an expression of probative value.?? That is, they are willing to explain the reasons why they believe
that the probability of observing corresponding features by chance is low (or very low, but not zero),
and hence that there is high (or very high) value in the observations for helping to establish whether or
not the compared items have been fired by the same weapon. Importantly, these examiners do not go
as far as to suggest that the probative value is so high as to conclusively and factually establish that
the firearm in question is the firearm used to fire the questioned bullet. They consider that it is more
defensible and more sensible not to assert that it is impossible to observe the corresponding features
by chance in a pair of questioned and known bullets from different sources.

22 An example of an expression of probative value, adapted from Kerkhoff et al. (2017), is: “In my opinion, the
observations are in the order of z times more probable if the questioned bullet was fired by the seized firearm rather than
some unknown firearm. The forensic observations made on the bullets thus provide slight (moderate/strong/very strong
etc.) support for the proposition that the questioned bullet was fired by the seized firearm rather than the proposition
that the bullet was fired by some unknown firearm.” Here, z stands for an order of magnitude that expresses the probative
value. Generally, the larger the value of z, the higher the probative value of the findings. Note also that z depends on
the discriminative capacity of the corresponding features.
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So, while there is disagreement among FFTE about the extent to which the population of potential
sources (firearms) can be reduced?? in a given case, all FFTE rely upon the concept of discriminative
capacity of features and marks described in Section 3.2.1.

Thus, what is important for our discussion in the remainder of this document is that there is
intrinsic potential discriminative capacity in features and marks and that this potential represents one
important aspect of forensic feature-comparison as applied to firearms examination, in addition to
other important aspects, such as examiner proficiency (discussed in Section 3.3).

e N

Key points

e There is broad agreement among FFTE that marks present on fired ammunition can have
value for helping to assess whether a pair of questioned and known bullets have been fired
by the same firearm, rather than two different firearms.

e There is disagreement, however, about the extent to which observable features (e.g., cor-
responding striations) allow one to reduce the population of potential sources (firearms).

e Part of the community of FFTE contends that, in certain cases, observable features allow
one to reduce the population of potential sources to a single firearm, resulting in a cat-
egorical identification (or individualization) of that firearm as the source of the features
observed on a pair of questioned and known elements of ammunition (bullets or cartridges).

e Other FFTE do not contest that there can be (high) value in observable features for helping
to assess whether a pair of questioned and known bullets (or cartridges) have been fired
by the same firearm, rather than two different firearms. However, these latter FFTE do
not assert that the value can be so high as to result in an absolute identification.

3.3 The role of expert performance characteristics in value of evidence assessments

In the previous section, there was discussion that corresponding features observed on a pair of ques-
tioned and known items of fired ammunition can have probative value regarding the question of whether
or not the compared elements have been fired by the same firearm. This notion of probative value
is fundamentally rooted in the broad variability of the design features (i.e., class characteristics) of
firearms as well as in the nature of accidental characteristics that vary substantially from one firearm
to another.

On their own, however, physical features are of practical value only to the extent that FFTE can
reliably recognize such features. This consideration is generally known as the reliability of an expert’s
report of observed corresponding features (Koehler, 2008). Thus, consumers of expert information
need to consider both, the discriminative capacity of reportedly corresponding features (as outlined in
Section 3.2) and the reliability of the expert’s report (Koehler, 2008; Thompson et al., 2003). In the
remainder of this document, we will mainly focus on the latter topic, expert reliability.

In recent years, there has been an increase in debates over the reliability of forensic examiners,
i.e., their proficiency in giving accurate answers. For example, the report of the President’s Council
of Advisors on Science and Technology (PCAST)?* takes one end of the spectrum of the debate and
notes:

“Without appropriate estimates of accuracy, an examiner’s statement that two samples are
similar — or even indistinguishable — is scientifically meaningless: it has no probative value,
and considerable potential for prejudicial impact.” (PCAST, 2016, at p. 6)

23Examiners who identify unequivocally essentially claim that they reduce the potential source population to a single
firearm.
24Hereinafter referred to as PCAST Report.
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This issue brings us to the question of how are we to know how “good” FFTE are? To what extent
are FFTE capable of doing what they claim to be able to do? The concern here, simply stated, is the
issue of the extent to which examiners make errors.

In more formal terms, the capacity of examiners refers to the notion of expert performance char-
acteristics. In common parlance, these characteristics are often called error rates. This topic raises a
host of interrelated questions, such as how to define performance characteristics (e.g., at the level of
the discipline, the laboratory and/or the individual examiner)?; what is to be counted as an error or
how to design and conduct empirical studies for measuring expert performance?; how should one make
use of information about error?; as well as others (e.g., Dror, 2020).

In order to approach the notion of error in a structured way, it is helpful to start by distinguishing
generally between what is and what is not contested about errors in forensic science in general. There-
fore, in this section, we concentrate on the main uncontested understandings about the topic of error
in forensic science. We will take a broad view on the notion of error in forensic science because consid-
erations regarding the field as a whole also apply, without loss of generality, to individual disciplines,
such as feature-comparison in forensic firearm examination. We will address contested aspects and
recurrent concerns about examiner performance characteristics, and their measurement, in Sections 4
and 5.

First and foremost, it is important to recognize that in forensic science practice (casework and
proficiency testing) errors occur. They do so even in what is one of the most highly regarded forensic
science disciplines: DNA analysis (e.g., Kloosterman et al., 2014; Thompson, 1995). In this regard,
calls for monitoring laboratory error rates can be traced back to at least the early 1990s. For example,
in 1992, the National Research Council emphasized that “laboratory error rates must be continuously
estimated in blind proficiency testing and must be disclosed to juries” (National Research Council,
1992, at p. 89). Interestingly, the second National Research Council Report (1996) took a different
perspective and espoused re-testing to address certain types of potential error in a specific case.

Second, error is not a mere practical possibility, but can be shown — using formal developments
(e.g., Thompson et al., 2003) — to logically affect the value of a reported correspondence between a pair
of questioned and known items (regardless of the nature of the compared materials, e.g., DNA, finger-
marks, toolmarks, etc.). In essence, one argument has been that with decreasingly small probabilities
for the occurrence of corresponding features by chance alone (i.e., high discriminative capacity), the
potential of error becomes an increasingly relevant consideration;?® to the point that the value of a
reported correspondence is essentially bound by the probability of error.26 Thus, recipients of expert
evidence should inquire about both, the discriminative capacity of features, i.e., their “rarity”, and the
potential of error. As an aside, this conceptual consideration of the impact of the potential of error
on probative value is also one reason why part of the forensic science community considers that “iden-
tification” is not a defensible conclusion and is an overstatement. There should be no disagreement
among experts that error occurs; the debate centers on how to make best use of such information.

Third, despite its crucial importance in value of evidence assessments, the potential of error remains
an under-researched area, compared to the extent of studies devoted to quantifying the occurrence by
chance of corresponding features (i.e., the discriminative capacity of features). This issue has been and
continues to be addressed for forensic DNA analysis, but also should be developed more so for forensic
firearms examination. For example, the PCAST report took the position that, in the latter area, there
is a lack of appropriately designed studies on expert performance (PCAST, 2016, at p. 112).

25More generally, we contend that the potential of error is always a relevant question not just with decreasing error
probabilities, especially when lay people will be making judgements.

2611 the context forensic DNA analysis, for example, it has been noted that “the strength of the evidence is limited
by the chance of an erroneous inclusion, be it due to clerical error, accidental switching of samples or whatever. (...) In
the end the value of forensic or any other type [sic] evidence is totally dependent on the reliability and validity of the
process by which it is generated.” (Zabell, 2012, at p. 109)
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As a fourth and last uncontested fact we note that, historically, forensic scientists have not always
been open to admitting the existence of errors and/or the possibility of measuring their occurrence.
Some scientists and commentators have actually asserted that their discipline is error-free.?” This un-
supportable stance has been challenged in a constant stream of publications over the last three decades
(e.g., Thompson, 1995; Koehler, 1997; Cole, 2005; Cole and Scheck, 2018). In recent years, however,
forensic science, particularly the feature-comparison discipline, has seen a move toward a better ac-
knowledgment of the reality of examiner error. Several observations attest to this trend. In 2020, for
example, researchers funded by the U.S. National Institute of Justice (2017-DN-BX-0170) published “A
primer on error rates in forensic fingerprint examination” (Eldridge and Champod, 2020). In the same
period, the U.S. Department of Justice published a series of documents entitled “Uniform Language
for Testimony and Reports” (ULTR). These documents provide guidance for examiners in drafting
reports and testifying. Specifically, the approved ULTR for the forensic firearms/toolmarks discipline
(on pattern examination) states that “lajn examiner shall not assert that examinations conducted in
the forensic firearms/toolmarks discipline are infallible or have a zero error rate” (U.S. Department of
Justice, 2020, at p. 3). Most recently (February 2022), a paper jointly authored by members of the
FBI and the Ames Laboratories reports on the design of a “study to assess the performance of qual-
ified firearms examiners working in accredited laboratories in the United States in terms of accuracy
(error rate), repeatability, and reproducibility of decisions involving comparisons of fired bullets and
cartridge cases” (Monson et al., 2022, at p. 1).28 This research will add to over a dozen existing studies
on the performance of firearms examiners reported since approximately the late 1990s.29 However,
what exactly, if anything, may be concluded about expert performance based on existing studies is a
recurrent matter of concern which we address in Sections 4 and 5.

I \

Key points

e Conclusions reported by forensic examiners bear a potential of error.

e The extent to which examiners err (especially in any specific case) is as much an important
consideration as is the consideration of the discriminative capacity of corresponding features
between questioned and known items of fired ammunition (bullets and cartridge cases).

e Informed forensic firearms examiners refrain from asserting that their field of practice has
a Zero-error rate.

4 General questions and concerns about expert performance and its
measurement in forensic firearms examination

4.1 Overview of this section

After having introduced fundamental concepts of forensic feature-comparison, in particular the origin
and nature of marks left by firearms on elements of ammunition (Section 3.1), and considerations af-
fecting the probative value of examiners’ observations (Sections 3.2 and 3.3), we are now in a position to
conduct a more detailed examination of general questions and concerns about expert performance and
its measurement in forensic firearms examinations. Some of the topics we discuss in this section have
also been raised by Vanderplas et al. (2022). Where applicable, we include a reference to Vanderplas
et al. (2022).

A common view among critics of forensic feature-comparison is that existing studies regarding

2TPractical examples are reported by Cole (2005) and Saks and Koehler (2005).

28 This publication is devoted to explaining the study design. Results from this study have not yet been published at
this point.

29For an overview, see e.g., Monson et al. (2022, at p. 2)
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the performance®® of FFTE have too many flaws to be considered sufficiently sound for use in legal
proceedings (e.g., Vanderplas et al., 2022, at p. 10).

In order to examine the pertinence and foundation of this viewpoint, and of specific arguments
advanced in support thereof, it is first necessary to critically review a series of common assumptions
about forensic feature-comparison as well as the strengths and limitations of studies designed to char-
acterize the performance of human examiners (i.e., error rate studies). We will address these topics in
the remainder of this section, using a question-and-answer format. A series of more specific critiques,
formulated by Vanderplas et al. (2022), will be addressed later in Section 5.

The structure of the remainder of this section is as follows. Section 4.2 will start by examining the
broad question that most end-users of forensic science services ask at the outset: Is feature-comparison
in forensic firearms examination a valid method (technique)? Based on elements introduced in Section
3, we will explain why this is not a question that can be answered by reference to a single criterion
only, such as a threshold value for an error rate.

Subsequent sections will address the more general claim that existing error rate studies cast doubt
on examiner performance in forensic feature-comparison. We analyze this claim by breaking it down
to a series of specific questions, namely: do existing black-box type error rate studies characterize the
“goodness” of the discipline of forensic feature-comparison as a whole? (Section 4.3), how useful is the
establishment and pursuit of a (single) domain-wide error rate? (Section 4.4), and is it meaningful to
dismiss imperfect survey data? (Section 4.5).

The essence of our argument will be that because error rates serve, at best, only as an indirect
measurement of examiner performance, the importance and practical impact of the critiques of existing
error rate studies tend to be largely diffused.

4.2 Is feature-comparison in forensic firearms examination a valid method (tech-
nique)?

This question would appear to be a simple one, but this section will explain why it has no easy answer.
The question is elusive because the comparative examination of spent elements of ammunition (by
feature-comparison) is not akin to the operation of a standard laboratory test or technique, such as
a screening test for the presence of particular biological material (e.g., blood, saliva, semen, etc.) in
a specimen, or a (home use) pregnancy test. Hence, traditional ways of thinking about (diagnostic)
testing and related performance assessment (through so-called validation studies) fall short of providing
a suitable framework for evaluating the trustworthiness of forensic feature-comparison. To understand
the reasons for this position, it is useful to recall a few design elements of conventional testing procedures
and associated validation studies.

In principle, standard laboratory tests are designed to function regardless of the person who con-
ducts the test, assuming they follow the protocol properly. That is, once brought into contact with
the substance to be tested (e.g., a fluid, a powder, etc.), such tests “crank out” a result without any
further human input:3' they function as a black-box. Broadly speaking, such tests focus on a target
substance (or marker), thought to be systematically associated with a particular condition (e.g., the
pregnancy hormone in case of a do-it-yourself pregnancy test). For such tests, it is relatively easy to
conduct validation studies prior to marketing and deployment of the test in the field. In such validation
studies, many test items with known ground truth status are processed and the number of correct and
incorrect responses are recorded, leading to standard performance metrics such as sensitivity®? and

30Hereinafter such studies are called, for simplicity, “error rate studies”.

31However, some minimal user intervention, such as reading a color signal, might still be necessary.

32The sensitivity is the proportion of true positives that a test correctly recognizes as positive (e.g., the percentage of
people infected with a particular virus that a test correctly identifies as being infected).
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specificity.?® Results of such validation studies can then serve as an indication of the performance with
which a test can be expected to operate when applied by consumers (assuming, again, they properly
operate the test). Consequently, there can be discussion about whether the performance characteristics
of a candidate test are “good enough” to be deployed in a particular context of application.

Contrary to what is largely portrayed in the forensic and legal literature,®* the above description
of standard diagnostic testing does not fit well with forensic feature-comparison methods, in particular
the comparative examination of elements of fired ammunition as conducted by FFTE. One cannot
easily conduct validation studies for feature-comparison in forensic firearms examination in the same
way as can be done for conventional laboratory tests as mentioned above. The reason is that there is no
independently operating (i.e., without user intervention) testing device that could render conclusions
about pairs of questioned and known elements of ammunition.?® Instead, a characterizing aspect of
the result (output) of a forensic feature-comparison is that it involves human judgment(s). That is,
ultimately, a human examiner is required to attest to (i) the similarities and differences in a given
comparison, and (ii) the extent to which the observed features provide support for the proposition of
same source, rather than different sources.

The above argument implies that we cannot seamlessly talk about the general validity of feature-
comparison in forensic firearm examination in the same way as we can do for standard analytical tests.
More specifically, there is no single and generic — i.e., human-independent — performance characteristic
to inquire about for the discipline of forensic feature-comparison.

Notwithstanding this fundamental obstacle, efforts have been made to derive approximate standard
performance characteristics (such as sensitivity and specificity) for forensic feature-comparison. The
challenge is how to cope with the human examiner as part of the procedure, i.e., the black-box itself.
This view is prominently highlighted in the PCAST report:

“(...) the method must be evaluated as if it were a “black box” in the examiner’s head.
Evaluations of validity and reliability must therefore be based on “black-box studies,” in
which many examiners render decisions about many independent tests (typically, involving
“questioned” samples and one or more “known” samples) and the error rates are determined”
(PCAST, 2016, at pp. 5-6)

This way of looking at forensic feature-comparison is the main reason for the current and revived
interest in black-box studies (i.e., error rate studies). While we support error rate studies as a legitimate
and valuable area of inquiry, we caution against reducing the assessment of the discipline of forensic
feature-comparison to the sole notion of error rate.

To come back to the question posed in the title of this section — the validity of the discipline — we
find that the current state of development of the field offers only a partial reply. That is, in our view,
the capacity of the discipline of forensic feature-comparison is a function of two main considerations.
We have introduced them earlier in Section 3: on the one hand, the potential of observed features to
have discriminative capacity (Section 3.2) and, on the other hand, the performance of human examiners
in capturing such features and conveying their probative value (Section 3.3).

The first of these two aspects, the potential®® discriminative capacity of traces on elements of spent
ammunition, is largely uncontested, due to what is generally known about the large variability of design
features introduced during manufacturing processes of firearms, as well the various mechanisms and

33The specificity is the proportion of true negatives that a test correctly recognizes as negative (e.g., the proportion
of people not infected by a particular virus that a test correctly recognizes as not being infected by that virus).

34Including official reports such as the PCAST Report.

35As mentioned in Section 3.1, there exist computer-based comparison methods, but they are used for database
searching, not for identification.

36We talk about potential discriminative capacity because, clearly, not all observable marks on fired elements of
ammunition are of value in helping to discriminate between candidate firearms (i.e., potential sources).
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phenomena that lead to configurations of surface features that leave highly variable traces on elements
of fired ammunition (e.g., Bonfanti and De Kinder, 1999). We will not pursue this topic any further
here other than by repeating that features on elements of fired ammunition (bullets and cartridge cases)
have intrinsic probative value, conditional on being correctly assessed and interpreted by a proficient
and knowledgeable examiner (Section 3.2).

The second aspect, the performance of human examiners in conducting feature-comparisons, is
more nuanced to tackle because of the debates over what, if anything, one can legitimately conclude
from existing error rate studies. In the forthcoming sections, we will address this controversy through
a series of questions and answers that we believe are helpful to anyone asked to assess the suitability
of forensic feature-comparison for use in legal proceedings.

e N

Key points

e Forensic feature-comparison cannot be compared to conventional laboratory tests that
produce outputs essentially without user intervention.

e Arguably, there is no generic and human-independent performance measure for feature-
comparison in forensic firearm examination, akin to performance characteristics used for
traditional laboratory testing procedures.

e The capacity of forensic feature-comparison is a function of two main considerations: (i)
the discriminative capacity of features (marks and traces present on elements of spent am-
munition) and (ii) the ability (proficiency) of examiners to correctly discern and assess the
probative value of such features. Currently, point (i) is largely uncontested. Disagreements
exist over point (ii).

4.3 Do existing black-box type error rate studies characterize the “goodness” of
the discipline of forensic feature-comparison as a whole?

To address this question, it is important to be clear about the object of existing black-box type error
rate studies:3” such studies give only a snapshot of the performance of a selected number of examiners in
conducting a particular task under more or less controlled experimental conditions. The experimental
nature of these studies implies that, by definition, they fall short of mimicking casework conditions to
at least some extent and may not apply to the circumstances in a particular case. For example, usually,
examiners know that they are working on items submitted as part of a study or a proficiency test,
which may affect the way they approach the comparison task (e.g., in terms of the care and attention
devoted to the task). In addition, the study design may involve a (common) combination of firearm
and ammunition which may be easier or more difficult to examine than a more unusual set of materials.

Due to their design, black-box type error-rate studies thus neither inform about the performance
of the discipline of forensic feature-comparison as a whole or in an abstract sense (i.e., disconnected
from an intervening human examiner).?® Instead, such studies focus on the human component which,
as we have outlined in Section 3, represents only one aspect of forensic feature-comparison.

Key point

e Error rate studies serve, at best, only as an indirect way to inform about whether selected

37Black-box studies are understood here as studies “in which many examiners render decisions about many independent
tests (typically, involving “questioned” samples and one or more “known” samples) and the error rates are determined”
(PCAST, 2016, at pp. 5-6).

38Recall, as explained in Section 4.2, forensic feature comparison is not comparable to a standard laboratory test that
can be characterized by a general performance metric that is valid regardless of the particular examiner who applies the
test.
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members in the profession of forensic feature-comparison examiners are “any good” in doing
what they purport to be able to do under the test conditions.

4.4 How useful is the establishment and pursuit of a (single) domain-wide error
rate?

Critics of the discipline of forensic feature-comparison assert that existing error rate studies fall short
of the requirement of being representative of “all qualified firearms examiners in the United States”
(Vanderplas et al., 2022, at p. 5). They take the position that error rate studies should focus on
representative samples obtained by random selection of participants from the relevant population or
even “a full census of the population at a certain time” (Vanderplas et al., 2022, at p. 5). Doing
otherwise, as they suggest, would go against what “is taught in even basic undergraduate statistics
courses” (Vanderplas et al., 2022, at p. 5).

Clearly, the use of sound statistical methodology is advocated. However, one should raise the
question — should an error rate in pure statistical terms represent a minimum requirement, or even a
meaningful aim? To think through this question, suppose that we had an error rate derived from one
or more studies, satisfying statistically rigorous requirements for participant selection.?® How useful
would such an error rate be? We contend that, while not being completely useless, it would be affected
by clear limitations.

On the upside, we agree that a domain-wide error rate (if it were possible to achieve) could be of
value for providing a starting point (termed “anchor” by Koehler (2008)) for thinking broadly about the
occurrence of errors. As Koehler has concisely noted (in the context of data derived from proficiency
testing):

“(...) the industrywide error-rate estimates provide anchors for judgments about the risks
of error in individual cases. This is an elementary and critical point: if the industrywide
false positive error rate is 20% for technique A and 2% for technique B, then the risk of this
type of error in any given case is generally higher when technique A is used rather than
technique B” (Koehler, 2008, at pp. 1088-1089).

There are, however, three downsides to this position.

First, despite serving as an anchor, a domain-wide error rate cannot directly be interpreted as the
probability that an error has been made in the instant case (i.e., the case at hand) because the practice
of forensic feature-comparison involves different levels of difficulty and a variety of combinations of
materials (i.e., combinations of types of ammunition and firearms). There is, currently, no single
study, or combination of studies, capable to measure expert performance across a range of materials
and levels of difficulty as encountered in casework. As an aside, note that this is a further dimension in
which studies would need to achieve representativeness, in addition to the above-mentioned criterion
of representativeness on the level of participant selection.

Second, the application of an anchor, i.e., representing some sort of average error rate across many
examiners, is not directly informative about the performance of a given forensic examiner. Clearly,
relying integrally and exclusively upon a domain-wide error rate when assessing the performance of a
given examiner would be prone to overvaluing a poor (i.e., under-performing) examiner and undervalu-
ing a proficient examiner (i.e., one with above-average capabilities). The former case would be prone
to relying on potentially unsafe information whereas the latter case would tend to reduce reliance on
potentially high quality evidence.

Third, individual and group proficiency evolves by technology advancement and external factors

39Note that participant selection is only one statistical dimension of experimental design.
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such as an effective quality assurance system should identify nonconformities, perform root cause
analyses, and put in place corrective actions.

These difficulties have long been recognized in some forensic feature-comparison disciplines, such as
latent fingermark examination. For example, a report of the American Association for the Advancement
of Science (Thompson et al., 2017), making reference to Kellman et al. (2021), noted:

“it is unreasonable to think that the ‘error rate’ of latent fingerprint examination can mean-
ingfully be reduced to a single number or even a single set of numbers. At best, it might be
possible to describe, in broad terms, the rates of false identifications and false exclusions

likely to arise for comparisons of a given level of difficulty.” (Thompson et al., 2017, at p.
45)

Even one of the most insistent supporters of the proper acknowledgment of the phenomenon of human
error in forensic casework, Dr Itiel Dror, admits that the theoretical notion of error — despite its
importance — faces serious practical challenges:

“Establishing error rates is crucial for knowing how well one is performing, determining
whether improvement is needed, measuring whether interventions are effective, as well as
for providing transparency. However, the flurry of activities in establishing error rates
for the forensic sciences has largely overlooked some fundamental issues that make error
rates a problematic construct and limit the ability to obtain a meaningful error rate. These
include knowing the ground truth, establishing appropriate databases, determining what
counts as an error, characterizing what is an acceptable error rate, ecological validity, and
transparency within the adversarial legal system.” (Dror, 2020, at p. 1034; emphasis added)

Dror goes so far as to ask whether these obstacles are so substantive that they call the whole endeavor
of establishing error rates into question:

“(...) given the time and effort it [the proper establishment of error rates| requires, as well
as the inherent limitations of the very notion of error rates, is it worth it? And, how does it
compare (or complement) other measures of performance (e.g., effective proficiency testing,
quality assurance checks such as dip sampling and blind verification, accreditation, and
ongoing training and development)|?|” (Dror, 2020, at p. 1038)

In summary, the above considerations explain that a domain-wide error rate, derived in a statis-
tically rigorous way regarding participant selection, would at best inform about an abstract question:
i.e., an average performance under a set of test conditions. We call this notion abstract because it
does not directly inform about the performance of a given examiner or the probability of an event of
error having occurred in the individual case. But, — we repeat — an average error rate may serve as an
anchor for such assessments in a general way about use and performance.

The limitations in the practical usefulness of the idea of a domain-wide error rate discount, to a
large extent, the importance of the critiques of existing error rates studies regarding representativeness
at the level of participant selection. This conclusion is not an endorsement for giving poor statistical
practice a pass. The point is not even statistical. Rather, it is a recognition of the fact that a perfect
answer to a question is of limited helpfulness if that question itself is off the target. A perfect answer
cannot remedy the shortcomings of the question asked.

I N

Key points

e A domain-wide error rate cannot directly be used for assessing (or, interpreted as) an
individual examiner’s performance or the probability of an event of error having occurred
in a particular case.

e At best, a domain-wide error rate can provide an anchor for reasoning about a particular
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case.

e The limited operational usefulness of a domain-wide error rate weakens, to a large ex-
tent, the importance of the criticism that existing studies fall short of certain statistical
requirements, such as representativeness in participant selection.

4.5 Is it meaningful to dismiss imperfect survey data?

As mentioned at the beginning of Section 4, critics of existing error rate studies in forensic feature-
comparison assert that shortcomings in methodological design should prevent data from such studies
from being used in practical proceedings.?® This viewpoint seems to be predicated on the idea of
looking at one study at the time, finding each of the studies deficient in some way, and then concluding
that none of the studies is suitable.

We contend that proceeding in such a manner is questionable on three grounds. First, this sort of
proceeding is prone to lead readers to commit one version of the “imperfection fallacy” (Koehler, 2008).
Second, this way of proceeding ignores “convergent validity”, a concept previously highlighted in the
AAAS Report by Thompson et al. (2017, at p. 94). Third, dismissing data because of limitations in
generalizability is prone to oversee the differences between descriptive and inferential statistics: that
is, while data may have limitations for drawing conclusions about a (larger) population, such data may
still be of value in a descriptive sense. Below, we explain each of these three drawbacks regarding that
proffered by Vanderplas et al. (2022).

4.5.1 The imperfection fallacy

Controversies over how to use data have previously been encountered in discussions about the use of
proficiency testing data for assessing the probability of error in casework. In this context, it is largely
uncontested that data are imperfect and, hence, cannot — on their own — establish error rates (e.g.,
Cole, 2005; Tobin and Thompson, 2006). Yet, design imperfections should not necessarily be taken
to mean that such data are irrelevant altogether. Dismissing data hastily by applying too stringent
requirements has been called a fallacy:

“A skeptic could point to one or more of the study’s imperfections and draw the mistaken
inference that the study is irrelevant (...). Such an inference would be an instance of what
might be called the “imperfection fallacy” (i.e., a tendency to treat imperfect information
as irrelevant).” (Koehler, 2008, at p. 1100)

These elements of discussion about proficiency testing data also provide guidance for dealing with
results from error rate studies.

Clearly, no serious commentator would contest that data from error rate studies are imperfect to
some extent and that, in practice, a perfectly flawless study is difficult to realize, especially in such
a heterogenous field as forensic feature-comparison.’ One ready way to deal with this challenge
is by being transparent and stating the identified limitation(s), followed by an assessment of the
impact of those limitation(s) on the conclusions to be drawn from the data. For example, when a
study encountered non-responding participants (non-volunteers), attention should be drawn to the
proportion of non-respondents, e.g., by asking how substantial that proportion is and to what extent
it compromises generalizability.

In any case, even if generalizability is compromised, the presence of non-respondents in a study

408ee e.g. the conclusion in Vanderplas et al. (2022, at p. 10).

41 As noted by Judge Edelman in the case United States v. Tibbs, No. 2016-CF1-19431, 2019 WL 4359486 (D.C. Super.
Ct. Sept. 5, 2019), “[ulndoubtedly, experts with extensive training in research methods could likely find fault with the
methodology of any study” (at p. 33).
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does not prevent one from considering what a given study could, at least, say — descriptively — about
the participants who have responded properly.*?

4.5.2 Falling short of the concept of convergent validity

The second drawback of focusing on individually imperfect studies one at the time — also called “atom-
istic approach” (Thompson et al., 2017, at p. 94) — is to ignore the concept of “convergent validity”,
defined as follows:

“the possibility that various publications, each with distinct limitations when considered
by itself, can reinforce each other and collectively support conclusions that would not be
warranted on the basis of a single article.” (Thompson et al., 2017, at p. 94)

Recognizing that “studies will have different strengths and limitations, and that the literature as a
whole will have strengths and limitations” (Thompson et al., 2017, at p. 44), there is no valid reason
why one should not try to see what conclusions can be drawn from literature as a whole, especially
how individually imperfect studies can complement each other.** We note, however, that the notion
of “convergence” here should not be taken as tending toward (or suggesting the existence of) a single
statistic (i.e., a discipline-wide error rate). Instead, the idea is that of drawing a broader picture of
how different examiners perform in various experimental settings, based on data drawn from multiple
relevant studies.

We believe that convergent validity is as much applicable in the field of fingerprints, discussed by
Thompson et al. (2017), as it is in the discipline of forensic feature-comparison applied to firearms
examination.

4.5.3 The missed distinction between descriptive and inferential statistics

A primary line of argument advanced by critics of existing error rate studies is that imperfect data,
e.g., due to participant or material sampling problems (Vanderplas et al., 2022, at pp. 5-7), limit
the use of such data for drawing conclusions about the wider population (i.e., profession) of forensic
feature-comparison examiners. It is important to understand that this is an argument about inferential
statistics,** which should be clearly distinguished from the notion of descriptive statistics.*>

Specifically, drawing attention only to shortcomings in the inferential usage of data, and to leave it
at that, is prone to concealing the descriptive dimension in which data may be used. Though widely
considered as less prestigious, compared to statisticians’ primary focus on inferential statistics, the
factual description of data remains an important preliminary to inferential statistics. For example, one
can ask — quite factually — “in this study, how many examiners have failed to report ‘identification’
for pairs of items known to come from the same source?”, “which examiner(s) has (have) committed
errors (i.e., what are the characteristics of examiners who committed errors)?”, “is a majority of errors
committed by a small number of examiners or do the errors distribute differently (e.g., over a larger
number of examiners)?” There is no reason why such information — which is descriptive on the level
of study participants who have properly responded — should be ignored in principle, regardless of
how well (if at all) the data will allow one to draw conclusions about the entire profession of forensic

42Even critical commentators admit to the obvious point that “any study only speaks for the error rate of the partic-
ipants of that study” (Vanderplas et al., 2022, at p. 6).

43 Again, even critics appear to be open to this point when they write “it is not only important that study participants
be randomly sampled from the population, but also that there are multiple studies” (Vanderplas et al., 2022, at p. 6).

44Broadly speaking, inferential statistics aims at providing information about the population from which a sample
(data) is available (e.g., The Council of the Inns of Court and The Royal Statistical Society, 2017; The Royal Society
and The Royal Society of Edinburgh, 2020)

45Descriptive statistics summarize and hence describe different aspects (e.g., the mean) of a given sample (e.g., The
Council of the Inns of Court and The Royal Statistical Society, 2017; The Royal Society and The Royal Society of
Edinburgh, 2020).
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feature-comparison examiners. More importantly, taking a deeper dive in the naked numbers can reveal
information that a mere average, obtained by generalization, cannot provide. Valuable data, otherwise,
would be ignored.

Next, rather than just asking how many examiners have given a particular answer when comparing
a particular pair of items (of same or different source), one can summarize the data and produce
descriptive statistics such as the missed identification rate or the failed elimination rate, just to name
two examples.

Even critics, such as Vanderplas et al. (2022), appear to acknowledge the above points. In fact,
several authors of Vanderplas et al. (2022) have, in a recent paper (Hofmann et al., 2020),%¢ reviewed
a series of studies on examiner performance in forensic feature-comparison. They have produced
different types of summary statistics (of the kind mentioned above), compared them between studies
and summarized their results graphically. They observed, for example, that “examiner error rates are
low for both missed elimination and missed identifications in most studies” (Hofmann et al., 2020, at
p. 335). They also found that “examiners are extremely good at working with same-source evidence,”
but “have much more difficulty when evidence arises from different sources.” (Hofmann et al., 2020, at
p. 336) Underlying their approach is the idea of what may be called “zooming” into data at different
levels of detail, i.e. looking descriptively at the performance of examiners when conducting known
same- and different-source pairs, respectively.*” We interpret this Hofmann et al. (2020) study as their
acknowledgment of the fact that data from existing error rate studies can be used to at least some
extent, given the proper acknowledgment of limitations.*® Hofmann et al. (2020) even admit that,
“la]s discussed in Dror (2020), additional statistics that provide context to error rates can be extremely
beneficial in court.” (at p. 325; emphasis added)

I N

Key points

e While it is widely uncontested that existing studies of expert performance in forensic
feature-comparison are imperfect to varying degrees, it would be shortsighted to dismiss
data from imperfect studies altogether.

e The tendency to treat imperfect information as irrelevant is known as the “imperfection
fallacy” (Koehler, 2008, at p. 1100), i.e., depriving oneself of information that a study could
offer when properly acknowledging and discounting for the respective limitations.

e Considering imperfect studies in isolation ignores the concept of “convergent validity”
(Thompson et al., 2017, at p. 94), i.e., the possibility that different studies, though in-
dividually limited, can complement each other and support conclusions that none of the
studies could have warranted individually.

e While imperfect data may be of limited use for inferential purposes (e.g., drawing conclu-
sions beyond the sample to a wider population), it does not follow that these data could not
be used for more factual and descriptive purposes (e.g., summarizing observations made on
study respondents rather than making assertions about the wider population of members
of the profession).

46Note that Vanderplas et al. (2022) refer to this paper as “Hofmann, Vanderplas, and Carriquiry (2021)”. While the
latter paper was officially published in 2021, it was — technically — included in Volume 19 (2020), which is why we refer
to it here as “Hofmann et al. (2020)”.

47TThe authors call these summaries “separate accuracy rates for comparisons of same or different-source evidence”
(Hofmann et al., 2020, at p. 325)

48For example, Hofmann et al. (2020) note that the methodological design of some studies is such that no summary
statistics can be computed.
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5 What specific, technical critiques are levelled against studies of
examiner performance and how to respond to those critiques? —
Responses to Vanderplas et al. (2022)

Based on the general elements of discussion introduced so far, we are now in a position to review
a series of specific, more technical critiques levelled against studies of the performance of forensic
feature-comparison examiners. For this purpose, critiques expressed in Vanderplas et al. (2022) are
addressed.

5.1 Study design: closed set vs. open set

Critique: “many common firearms and toolmark black-box study designs do not allow for estimation of
the number of different-source comparisons, which ensures that it is not possible to calculate the overall
error rate, the correct decision rate, or the true negative rate (the specificity).” (Vanderplas et al., 2022,
at p. 4) To help overcome this problem, the commentators recommend the following: “black-box studies
should be open set studies (no guarantee that an unknown item matches any provided knowns in the
set) and should involve the comparison of one standard (known sample) and one or more unknown
samples at a time.” (Vanderplas et al., 2022, at p. 5)

Response: To address this critique, it is first necessary to explain the difference between closed set and
open set studies (e.g., PCAST, 2016, at p. 106-110).

A closed set study is one in which examiners receive a set of questioned items (bullets or cartridge
cases) and they are asked to compare these items to a set of reference items (bullets or cartridge cases).
The latter represent the possible guns used for firing the questioned elements of ammunition. A key
feature of closed set studies is that the firearm at the “source” of each questioned item is always present
in the test (in the form of the reference items). In turn, an open set study is one in which not all
questioned items have their “source” present among the reference items.

Generally, closed set studies are considered problematic in that they may compromise the com-
putation of performance metrics when the number of different source comparisons is unknown. In
addition, closed set studies are generally viewed as easier to accomplish because examiners can draw
upon knowledge that each questioned item has a corresponding reference item. Accordingly, such
studies are expected to lead to too favorable assessments of the error rate.

Given the known problems associated with closed set studies, it is widely recommended that studies
should use the open set design, which was noted in the PCAST Report (2016).

The community of researchers and practitioners appears to have taken this concern to heart. In a
recent review of selected studies between 1998 and 2021, Monson et al. (2022, at p. 2) find that the
closed set design is mainly used in studies prior to the publication of the PCAST Report (seven out of
twelve summarized pre-PCAST studies). In turn, only two of six post-PCAST studies summarized by
Monson et al. (2022, at p. 2) use the closed set design. As an aside, we also note that, most recently,
the field has seen what may be the first report on preliminary results of a blind testing program in
forensic firearms examination (Neuman et al., 2022), implemented at the Houston Forensic Science
Center since December 2015 (Guerra Thompson and Bremner Céasarez, 2020).

Regarding the impossibility to calculate the correct source decision rate, there is a marked difference
between pre- and post-PCAST studies. In the list of studies summarized in Table 1 of Vanderplas
et al. (2022, at p. 13), three of the four studies where the correct source decision rate is not calculable
appeared prior to the PCAST Report. The single post-PCAST study for which Vanderplas et al.
(2022) report that the correct source decision rate is not calculable is the one by Hamby et al. (2019),
but this study is already marked as problematic because of its use of the closed set design.
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In summary, we thus observe?” that the critiques of Vanderplas et al. (2022) regarding the study
design (closed set vs open set) and the impossibility to calculate correct source decision rates, while
being technically correct, should be put in perspective: specifically, these critiques mainly apply more
so to pre-PCAST studies, rather than the more recent post-PCAST studies.

5.2 Participant sampling problems

Critique no. 1: “if the participants are not a representative sample from the population (in this case,
all qualified firearms examiners in the United States), the results of the study do not generalize to that
population. This principle is taught in even basic undergraduate statistics courses; it is fundamental
to our discipline. One of the easiest ways to ensure that a sample is representative is to randomly
select participants from the population; a more labor-intensive option is to conduct a full census of the
population at a certain time.” (Vanderplas et al., 2022, at p. 5)

Response to no. 1: It is not contested that existing studies do not generalize to the population com-
prized of all qualified firearms examiners in the United States. It should go without saying that the
imperfect nature of the data calls for caution and restraint, such as limiting conclusions to only those
examiners who agreed to participate in the study and to respond properly. By the way, as noted
earlier, this issue is what the commentators recommend themselves when they write that “any study
only speaks for the error rate of the participants of that study.” (Vanderplas et al., 2022, at p. 6)

Note also that, following our discussion in Section 4.4, the importance of the critique regarding the
lack of generalizability is weakened by the fact that a domain-wide error rate, even if available, would
have limited operational usefulness.

Critique no. 2: “there are many potential lurking covariates that would meaningfully affect the error
rates estimated by the studies. For instance, it is possible that experienced examiners are more likely
to volunteer to participate in these studies out of a sense of duty to the discipline: these examiners
might have lower error rates due to their experience, which would lead to an estimated error rate that
is lower than the error rate of the general population of all firearms examiners (including those who
are inexperienced). In fact, in studies which differentiate between trainee and qualified examiners, we
find a higher error rate among trainees (Duez et al. 2018).” (Vanderplas et al., 2022, at p. 5; emphasis
added)

Response to no. 2: This critique is a rhetorically subtle formulation because it uses a true statement
(here: higher error rate among trainees) to create a doubt for which no direct evidence is provided.
That is, Vanderplas et al. (2022) give no evidence for whether experienced examiners are actually
more inclined to participate than less experienced examiners. The same holds for the variables the
commentators mention in this sentence: “There are many variables which might be expected to increase
likelihood of volunteering for a study and also change the expected error rate: education, experience,
confidence, amount of time available for study participation.” (Vanderplas et al., 2022, at p. 5)

Critique no. 3: “sampling bias is one of the hardest biases to work around. Because we cannot determine
how the volunteer examiners might differ from the whole population of examiners, we cannot say that
it is likely that the error rate is higher or lower than what is reported from the flawed studies.”
(Vanderplas et al., 2022, at p. 6)

Response to no. 3: See above response to no. 1.

5.3 Material sampling problems

Critique: In Section 5 of Vanderplas et al. (2022, at pp. 6-7), the authors mention that existing studies
cover only a limited number of firearms and ammunition types, thus preventing the possibility to

49Note, however, that the lists of articles summarized by Vanderplas et al. (2022) and Monson et al. (2022) do not
exactly overlap.
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generalize:
e “we lose the ability to make broad, sweeping claims about the discipline as a whole” [at p. 6]

e “We cannot generalize error rates from small consecutively manufactured firearm studies to the
entire population of firearms examinations, and as a result, we do not know how to assess the
error rate of the discipline as a whole on the basis of these studies.” [at p. 6]

e “This makes it extremely difficult for researchers to provide a general estimate of the error rate of
firearms and toolmark comparisons, as the discipline is so broad and the data under examination
are affected by so many different factors: type of tool or firearm, ammunition, manufacturing
process, material interactions, and so on.” [at pp. 67|

Response: This critique goes along the critique of participant sampling problems discussed in Section
5.2 and the problem of generalizability addressed in Section 4.4. Thus, we can draw upon discussion
developed in those sections.

We reiterate that, first, a single and domain-wide error rate would be of limited usefulness because
an “average” examiner does not exist. An average error rate in this sense would either overvalue a poor
examiner or undervalue (penalize) an above average or even outperforming examiner (Section 4.4).

Second, as much as there is no “average” examiner, there is no “average” combination of firearm and
ammunition.’ Instead, there are many firearm and ammunition categories (or types) for which a single
average error rate could not meaningfully reflect examiner performance. It would be a too optimistic
figure for reputedly difficult firearm and ammunition types, and too conservative one for less challenging
comparison pairs. However, it would be exaggerated to require that an expert has previously seen (i.e.,
worked with) all possible combinations of firearms and ammunition. Rather, what is important for
recipients of expert evidence is to see whether the examiner can demonstrate technical knowledge about
the relevant category (type) of materials examined in the instant case and proficiency in examining
such materials. For example, the expert will need knowledge about the design differences between
conventional groove rifling (in barrels) as compared to a polygonal rifling (or even microgroove rifling)
and the impact of these design features on the production of marks present on fired bullets. Clearly,
the examiner does not need to have seen all existing barrels with conventional (or polygonal) rifling
prior to explaining the kind of marks he/she would expect to see for a barrel of this particular type.
Likewise, a proficient examiner can be familiar with the kind of marks present on different types of
bullets, such as jacketed versus non-jacketed bullets, without having seen all existing exemplars of
jacketed and non-jacketed bullets. Thus, as noted above, the point here is that the examiner should be
able to demonstrate knowledge and understanding with the kind of examined items (general category
of firearm and ammunition) encountered in a particular case. As a simple example, an expert who
specializes mainly in modern handguns might naturally need to declare limitations with respect to
his/her competence in examining antique rifles dating prior to 1900s (if the latter are beyond his/her
primary field of expertise).

Third, requiring that studies should cover many or all dimensions of combinations of firearms and
ammunition types is a practical impossibility, not only due to the combinatorial complexity, but also
because the relevant population is never stable. New firearms and ammunitions are being manufactured
regularly, while the production of certain weapons and types of ammunition is discontinued.

50We make the assumption here that Vanderplas et al. (2022) suggest that generalization should not only be the
goal at the level of participants, but also at the level of materials subjected to feature-comparison. If this assumption
misinterprets the intention of Vanderplas et al. (2022), and their suggestion instead is that error rates should be computed
individually for each category of materials (i.e., combination of firearm and ammunition type), then this would amount
to a practically almost impossible task (due to combinatorial complexity) and, hence, represent a self-defeating proposal.
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5.4 Missing data and non-response bias

Critique: In Section 6 of Vanderplas et al. (2022, at pp. 7-8), the authors note that the quality of
existing studies suffers from participants who fail to respond. Next, these commentators explain that
the error rate would turn out to be higher if the non-respondents would have been included in the
results and if their answers would have been consistently erroneous.

Response: This assertion is a further example of the use of a true statement (here: the existence of
non-responses) for suggesting conclusions based on assumptions for which actual evidence is lacking.!
That is, Vanderplas et al. (2022) provide no basis to believe that all non-respondents would render
erroneous answers; an error rate based on such an extreme assumption is hypothetical and not conducive
of advancing a constructive discourse over what the potential of error could realistically be.

In line with our discussion throughout this document, we reiterate that
(i) the imperfection of existing studies and related data is not contested,

(i) imperfect data should not be dismissed entirely (provided that limitations are properly ac-
knowledged), but interpreted within the relevant scope (e.g., limiting conclusions to those exam-
iners who properly responded),”? and

(iii) even if data were perfect (in strict statistical terms), the resulting domain-wide error rate
would characterize an abstract question and, hence, be of limited practical usefulness.

5.5 Types of marks and study difficulty

Critique: In Section 7 of Vanderplas et al. (2022, at pp. 8-9), the authors note that “there are many
different types of marks used for firearms and toolmark examination, and it would not be reasonable
to assume they all have the same error rates” [at p. 8] and that “[t|he difficulty level across different
studies is not necessarily comparable” [at p. 9]. As a consequence, according to the commentators,
error rates will differ as a function of these variables (i.e., types of marks and levels of difficulty).

Response: We agree with the above statements by Vanderplas et al. (2022) which notably seem at
odds with their advocacy for a domain-wide error rate. They confirm our position that the attempt to
derive a domain-wide error rate is neither practically possible®® nor particularly useful. We reiterate
that what is important is that the examiner is able to demonstrate knowledge and understanding with
the kinds and types of materials examined in a particular case (see also our discussion in Section 5.3).

5.6 Inconclusives

Critique: “Scientifically, an inconclusive result has to be automatically incorrect: a comparison is either
from a same-source or a different-source.” (Vanderplas et al., 2022, at p. 9)

Response: One of us has recently discussed at length elsewhere why this assertion falls short of a
meaningful account of the problem (Biedermann and Kotsoglou, 2021).

To start with, it is important to acknowledge that no reasonable scientist ignores that “inconclusives”
can represent a problem. Indeed, suppose an extreme situation in which an examiner would report
“inconclusives” only. Such an examiner would — obviously — never commit a false identification or a false
exclusion and hence would have a zero-error rate. However, such a reporting strategy would be noted
in a transparent or quality system, and the examiner would reveal him-/herself as entirely unhelpful
(i.e., she/he would never give a supportive conclusion).

51A previous example of this kind was discussed in our reply to critique no. 2 in Section 5.2).

52Further, one should properly distinguish between descriptive and inferential uses of data (see also discussion in
Section 4.5.3).

53The main reason for this is combinatorial complexity when considering multiple dimensions in which examiners,
firearms/ammunition as well as marks and study difficulty may vary.
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Conversely, no reasonable scientist would assert that “inconclusives” should be completely ignored.
Instead, “inconclusives” should be monitored for what they are: the rate of “inconclusives” provides
a measure of the assertiveness of (or, the level of caution exerted by) an examiner. But inquiries
into inconclusive results should dive deeper. It is also important to examine the circumstances under
which “inconclusives” are given. For example, it makes a difference whether an examiner renders an
“Inconclusive” in a very difficult case (e.g., where the marks are poor and/or of limited informative
value)® or an easy case (e.g., with good/high quality marks with many discriminative features). In
the first case, an “inconclusive” might be a suitable (i.e., scientifically defensible) conclusion,®® whereas
in the latter case an “inconclusive” might reflect overcautiousness by falling short of what a majority
of proficient examiners would assign as probative value.

Thus, labelling “inconclusives” generically as errors is of little help in practice. A meaningful
discussion about expert performance requires clarity about the kind of error. For example, in our
experience, recipients of expert evidence typically have a primary interest in the proportion of false
positive errors. It is clearly unsuitable then to conceal the inconclusive statistic (if it were treated solely
as error [sic|) by transforming it into an unspecific notion of error that comprises several different types
of potential error.?®

In our view, the key to dealing with “inclonclusives” is transparency. “Inconclusives” fall into a
response category in its own right that can and should be summarized in a separate statistic that is
useful for monitoring various aspects of a study (e.g., examiners’ level of responsiveness). “Inconclu-
sives” should not be dismissed; they should be used within the scope in which they can be meaningfully
informative.

Overall, our view is in line with standpoints expressed elsewhere in the legal literature, which
emphasizes balance and clarity in the use of “inconclusives”

“Similarly, when an examiner offers an “inconclusive” opinion (...) there is a sense in which
he has erred. After all, he did not get the answer right, and the consequences of this
failure may be serious (e.g., missed opportunity to exonerate a suspect). However, in the
more usual sense of the meaning of error, an inconclusive is not an error. It is a pass. An
inconclusive means that the examiner offers no judgment about whether two prints do or do
not share a common source. Therefore, for the purpose of computing the errors and error
rates (...), I set inconclusives aside.” (Koehler, 2008, at pp. 1080-1081; emphasis added)

Finally, we note that by labelling “inconclusives” by default as errors, Vanderplas et al. (2022) take
a more extreme position than what some of the same authors have conveyed elsewhere. Specifically,
in Hofmann et al. (2020), they explain that there are ways to summarize data that “do not require
inconclusive results to be explicitly handled as errors or correct decisions” (at p. 325) and that this
represents an “advantage” (at p. 325).

5.7 Further observations on the affidavit by Vanderplas et al. (2022)

Hereafter, we note a few additional and more general observations on the affidavit by Vanderplas et
al. (2022):

e Overall, Vanderplas et al. (2022) present a narrow view because it is almost exclusively tailored
towards the (statistical) argument of generalizability (i.e., the lack thereof), resulting from a

54 Another example could be so-called “close non-matches” (Koehler and Liu, 2021).

55See e.g. Biedermann et al. (2019) for a decision-theoretic justification of this argument.

56This view is also echoed by the Judiciary. For example, Judge Edelman, though acknowledging that “inconclusives”
represent “an error of some kind”, questioned the idea of jointly considering different types of errors: “such a character-
ization fails to make logical sense: while under laboratory conditions such inconclusives are surely some type of error,
it does not follow that inconclusives are functionally the same as a false conclusion by an examiner who attributes a
cartridge casing to a gun that did not fire it.” (United States v. Tibbs, supra note 41, at pp. 40-41)
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variety of methodological study design problems.

e We do not contest that, technically speaking, the various methodological aspects that Vanderplas
et al. (2022) critically espouse have the potential to adversely affect generalizability. But for
reasons we have discussed in Section 4.5, we do not share their ultimately extreme position that
the currently existing data, though imperfect, “are not sufficiently sound to be used in criminal
proceedings.” (Vanderplas et al., 2022, at p. 10) For example, data can be used in a descriptive
sense with respect to those examiners who volunteered and who have properly responded, without
making claims about whether or not these data generalize to the profession of feature-comparison
examiners as a whole.

e The dismissive, categorically extreme position of Vanderplas et al. (2022) is inconsistent with
respect to a more nuanced prior position that some of these same authors have taken elsewhere,
i.e., in the paper by Hofmann et al. (2020). In Hofmann et al. (2020), the authors have described
ways (in technical parlance called “statistics”) whereby data from different studies can be mean-
ingfully summarized and compared. They stated that “additional statistics that provide context
to error rates can be extremely beneficial in court.” (Vanderplas et al., 2022, at p. 325)

e We find Vanderplas et al. (2022) imbalanced in the sense that the authors lean towards a “worst
case scenario” (at p. 10). For example, they conjecture about what the error rate would be under
the assumption that all non-respondents would have replied and that all of their responses would
have been erroneous (at p. 10). This conjecture is problematic because the authors provide no
actual, supportive evidence of the assumptions underlying their worst-case scenario. Quite to the
contrary, the authors actually diffuse the veil of the worst-case scenario themselves when they
write:

— “there is no possibility of assessing the true impact of non-response bias in these studies
when the authors do not make their data available (...).” (Vanderplas et al., 2022, at p. 10)

— “we cannot say that it is likely that the error rate is higher or lower than what is reported
from the flawed studies.” (Vanderplas et al., 2022, at p. 6)

6 Summary and conclusions

6.1 Summary of the points of agreement and disagreement with the affidavit by
Vanderplas et al. (2022)

In their statement, Vanderplas et al. (2022) argue along the following lines:

e They start by defining the goal to be generalizability: “As scientists, we want to derive knowledge
that is generalizable to the population.” (at p. 6)

e Next, they observe that existing error rate studies are imperfect in various respects, such as
representativeness in participant recruitment, material sampling as well as types of marks and
study difficulty.

e They conclude by asserting that these imperfections “cast doubt on the ability to generalize error
rates from these studies to the wider population of all examiners” (at p. 10) and, more broadly,
that “error rates established from [such| studies (...) are not sufficiently sound to be used in
criminal proceedings.” (at p. 10)

e Subsidiarily, they argue that within the limited scope that the existing studies do offer data, the
design problems of those studies “suggest that the true error rates in casework may be significantly
higher” (Vanderplas et al., 2022, at p. 10) than what is commonly said or believed.

Overall, we respond to this position statement as follows:
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Points of agreement
o We agree that existing error rate studies are imperfect in several respects.

e We agree that generalization to the whole population (of examiners) is difficult, but that
“any study only speaks to the error rate of the participants of that study.” (Vanderplas
et al., 2022, at p. 6)

Points of disagreement

e We disagree with the assertion that due to their lack of generalizability, existing data
should be discarded altogether, i.e., suggesting that there is no useful information in such
data.

— Arguing in the way Vanderplas et al. (2022) do would amount to a sort of imperfection
fallacy (Koehler, 2008); on this point, see our discussion in Section 4.5. All scientific
studies suffer from limitations, yet they are not necessarily rendered unhelpful for
advancing a discipline.

— Discarding imperfect data would contradict the view that data can speak — given
suitable acknowledgment of any limitations — to at least the actual participants of a
study, a point to which even Vanderplas et al. (2022) agree; see quote above in points
of agreement and our discussion in Section 4.5.3 of the position taken by some of the
authors of Vanderplas et al. (2022) in a different paper (i.e., Hofmann et al., 2020). In
essence, the point here is that data with limitations for broad and all-encompassing
inferential use can still be of use for descriptive purposes.

— Discarding individual and somewhat limited studies would deprive one from exploiting
the notion of “convergent validity” (Thompson et al., 2017, at p. 94), i.e., seeing where
individual studies can complement each other (see also discussion in Section 4.5).
Technically, Vanderplas et al. (2022) appear to agree on this point, too, when they
write that “it is not only important that study participants be randomly sampled from
the population, but also that there are multiple studies.” (at p. 6; emphasis added)

e We strongly disagree that generalizability and, hence, the establishment of a single domain-
wide error rate should be the overarching aim:

— While not entirely useless, because it can serve as a starting point for assessments on
the level of individual cases (Koehler, 2008), a domain-wide error rate would neither
be directly informative about the performance of an individual examiner nor about
the probability that an error was committed in the instant case (i.e., the case at
hand).

— Reducing considerations to only a nonspecific, domain-wide error rate would be prone
to overlooking potential problems associated with the mandated laboratory and/or
the individual examiner(s) having worked in a particular case. For examples of such
cases in firearms examination see Garrett (2022).

— A domain-wide error rate is, ultimately, a practical impossibility because there is con-
stant variation in (i) the population of examiners (new examiners enter the field, oth-
ers leave; individual proficiency evolves over time), and (ii) the types of firearms and
ammunition manufactured (and subsequently present in general circulation). Thus,
it is always possible to argue that existing studies are somehow imperfect, which
renders the call for a domain-wide, contemporaneously valid error rate ultimately
self-defeating.
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Given the elusive nature of the idea of a domain-wide error rate, we conclude that existing
error-rate studies — despite their limitations — are not fatal to the field of forensic firearms
examination as a whole. Indeed, they can add value. The reason, in part, for this positive
position is that the notion of error rate is not the only dimension that characterizes the
discipline of forensic feature-comparison (e.g., Dror, 2020).

6.2 Conclusions

Inquiring about the quality of error rate studies in forensic feature-comparison is an important un-
dertaking. However, focusing attention only on the notion of error rate is not conducive of achieving
a suitable assessment of the forensic discipline. As explained in Section 3, examiner performance
is merely one component among others that one should inquire about when dealing with a forensic
feature-comparison report. A further component is the existing — and widely uncontested — scien-
tific knowledge about the intrinsic potential probative value (i.e., discriminative capacity) of class and
accidental characteristics present on elements of fired ammunition.

But even if one were to restrict attention to the notion of error rate, it is important to keep in
mind that it is not the only measure of examiners’ overall performance.?” Strictly speaking, error rates
can serve, at best, as an indirect measurement of examiner performance. However, even if an error
rate of some sort would be available, it would still be necessary to scrutinize the trustworthiness of
the examiner on a case-based level. As recommended by the PCAST Report, the examiner should be
required to demonstrate that he/she “has undergone rigorous proficiency testing on a large number
of test problems to evaluate his or her capability and performance, and discloses the results of the
proficiency testing” (at p. 113).

We thus conclude that the limited practical usefulness and necessarily restricted scope of a general
error rate weakens, considerably, the critiques of the quality (and hence generalizability) of existing
error rate studies. Stated otherwise, the critique — however statistically well-grounded — in the sense
that existing studies do not allow one to generalize to the whole population of examiners is of reduced
importance if generalizabilty itself is of limited usefulness.®® On this latter point, as discussed in
Section 4.4, we agree with the position of the AAAS Report by Thompson et al. (2017) that noted that
“it is unreasonable to think that the ‘error rate’ (...) can meaningfully be reduced to a single number
or even a single set of numbers.” (at p. 45)%°

While we agree that existing error rate studies can be criticized on some grounds, we reject the
view that data from such studies should be discarded altogether, and that nothing can be said about
examiner performance. Excessive insistence on flawlessness in study design is ultimately self-defeating
and would deprive one from what data could support as a conclusion given a suitable acknowledgment
of limitations. Error rate studies do not need to meet a best possible design criterion in order to
be useful.%0 For example, studies can still be exploited with respect to those examiners who have
actually participated and responded, which may give some idea of the general performance with a test
or a set of tests used in the study. One observation, for instance, is that trained firearms examiners
may exhibit a better performance than trainees (Duez et al., 2018), a point that even critics admit
(e.g., Hofmann et al., 2020, at p. 328). Finally, dismissing individually imperfect data sets will also

57 Another common performance indicator, not discussed here, is proficiency testing (e.g., Dror, 2020; Koehler, 2008).

58 As noted in Section 5.3, an average error rate is not directly usable because it would either overvalue a poor examiner
or undervalue (penalize) an above average or even outperforming examiner.

590n this viewpoint, see also our discussion in Section 4.2, explaining why forensic feature-comparison is not akin
to a standard laboratory (or field) test for which a validation study with the classic performance metrics (error rates,
sensitivity and specificity) could easily be conducted.

60Similarly, Judge Edelman has noted that “Daubert does not necessarily require the proponent of a theory or method-
ology to present only studies with the best possible design.” (United States v. Tibbs, supra note 41, at p. 33)
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deprive one from the potential of studies to complement each other and, hence, from the possibility of
“convergent validation”, emphasized in the AAAS Report by Thompson et al. (2017).

e N

In conclusion, when considering the broad variety of pillars that make up the field of forensic
feature-comparison, we contend that the isolated technical critique of the lack of generalizability
of existing error rate studies is at best unhelpful and, at worst, misleading.

The critique is ultimately unhelpful because even if a generalized error rate could be available,
it would be of limited value for a direct, case-based assessment of examiner performance. In
addition, the dismissive attitude towards existing error rate studies, i.e., their wholesale rejection,
is not helpful in that it offers no constructive advice on how the data could be used with properly
acknowledged limitations (e.g., within a perspective of convergent validation).

The critique of lacking generalizability is misleading if it induces recipients of expert evidence to
believe that the assessment of the suitability, capacity and merits of forensic feature-comparison
as a whole would only hinge upon a generalized (i.e., domain-wide) and unspecific notion of error
rate — it surely does not.

6.3 Statement of truth

We declare that the foregoing statement is true and correct to the best of our knowledge.

%)ﬂm Lo Dot // /// /

Alex Biedermann Bruce Budowle Christophe Champod
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117°312.00 CHF
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100014_135340: Swiss National Science Foundation 05/2011 (12 months)
Research project ‘Rational decisions in forensic science: case studies and applications’
57°288.00 CHF

100014_124615: Swiss National Science Foundation 04/2009 (1 month)
Research project ‘Utilisation des Object-Oriented-Bayesian Networks dans la combinaison des indices scien-
tifiques’

49’685 CHF

100014_122601: Swiss National Science Foundation 02/2009 (24 months)
Research project ‘How to make rational decisions: Bayesian networks and decision theory in forensic science
applications’

96°967.00 CHF

K-11K1_116620: Swiss National Science Foundation 09/2008 (24 months)
Research project ‘Progress in handwriting analysis: towards shape quantification of characters and probabilistic

assessment of their evidential value’
263°127.00 CHF

105214_120750: Swiss National Science Foundation 07/2008 (27 months)
Research project ‘Analysis of recurrent complications in the evaluation of Low Copy Number (LCN) DNA pro-
filing results in forensic science: a graphical probability approach’

95’967.00 CHF

100015_111736: Swiss National Science Foundation 08/2006 (30 months)
Research project ‘Bayesian networks and the analysis of combinations of items of evidence’
94°302.00 CHF

Total amount of funding awarded as co-applicant: ~ 870’000 CHF

Other grants/scholarships

University of Michigan, ‘Michigan Grotius Research Scholarship’ 07-08/2018 (1.5 months)
Law School, Center for International and Comparative Law, Ann Arbor, MI (obtained as main applicant)

University of Adelaide, ‘Aim for the Stars’ Grant 02/2018 (1 month)
Principal applicant: Mr. David Caruso, University of Adelaide Law School; Beneficiary: Alex Biedermann
Visiting research stay at University of Adelaide Law School, Litigation Law Unit

AUD 5°750.00

SUPERVISION OF GRADUATE STUDENTS AND PARTICIPATION IN PHD-COMMITTEES

Teaching module ‘Complex/transdisciplinary cases’ 09/2010 — present
Faculty of Law, Criminal Justice and Public Administration (UNIL)
15-25 M.Sc. students in forensic science per year

Farticipation in 11 Ph.D.-committees (6 completed) 09/2007 — present
Faculty of Law, Criminal Justice and Public Administration (UNIL)

Tutoring 01/2003 — present
Faculty of Law, Criminal Justice and Public Administration (UNIL)
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approx. 50 M.Sc. students in forensic science per year, tutorials and practical exercise sessions on probabilistic
evaluation

TEACHING

University
Associate Professor, Faculty of Law, Criminal Justice and Public Administration (UNIL) 01/2016 — today

* Course ‘Interprétation de I’indice scientifique et prise de décision’ (Interpretation of scientific evidence
and decision-making), for M.Sc. students in forensic science, 14 weeks (2h/w), 6 ECTS.° 09/2016 — today

* Course ‘Interprétation et prise de décision’ (Interpretation and decision making), for students of the MLaw
in Judicial Careers, 14 weeks (2h/w), 5 ECTS, 09/2019 — today

* Seminar ‘MOOC (Massive Open Online Course): La science forensique au tribunal: témoin digne de foi?’
(MOOC ‘Challenging Forensic Science: How science should speak to court’), 18h/semester, for students
of the MLaw in Judicial Careers, 2 ECTS, 01/2019 - today

* Practical module ‘Cas pratiques transversaux’ (Transversal case studies), for M.Sc. students in forensic
science, 14 weeks, 10 ECTS, 09/2021 — today

* Course ‘Identification d’armes a feu a partir d’éléments de munition’ (Firearms identification based on
elements of ammunition), for M.Sc. students in forensic science, 14 weeks (2h/w), 3 ECTS, 01/2016 —
today

* Practical module ‘Cas complexes/transversaux’ (Complex/transdisciplinary cases), for M.Sc. students in
forensic science, 14 weeks (1 day/w), 10 ECTS, 09/2016 — today

Invited lecturing (ad-hoc)

Invited Professor, China University of Political Science and Law (CUPL), Beijing, China 12/2021
Invited by the National Collaborative Innovation Center of Judicial Civilization (Key Laboratory of Evidence
Science of the Ministry of Education at CUPL and the 111th Program of Evidence Science Innovation and
Intelligence Base)

Course (delivered online) ‘Introduction to the evaluation of scientific evidence and decision analysis’ (32 h, for
graduate students in ‘Evidence science’)

Invited Professor, Swiss Graduate School of Public Administration, University of Lausanne 29.10.2020
Guest lecture (3 h) ‘Decision-making: theoretical perspectives and practical applications’ (‘La prise de décision:
courants théoriques et applications pratiques’) as part of the Certificate of Advanced Studies ‘Law and Public
Action’ (‘Droit et Action Publique’)

Invited Professor, University College London, Centre for the Forensic Sciences, London (UK) 23.01.2020
Guest presentation as part of the seminar series of the Centre for the Forensic Sciences

Invited Professor, Adelaide Law School, Litigation Law Unit, Adelaide, South Australia 08-09/2019
Guest lectures (3 h, for undergraduate law students) ‘Elements of interpreting scientific evidence’ given as part
of the LLB course ‘Evidence and advocacy’

Invited Professor, China University of Political Science and Law, Beijing, China 09/2018
Course ‘Introduction to the evaluation of scientific evidence and decision analysis’ (32 h, for graduate students
in ‘Evidence science’)

SEuropean Credit Transfer and Accumulation System (ECTS) credits are used in higher education across the European Union and
other collaborating European countries for comparing volume of learning and workload.
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Invited Professor, Adelaide Law School, Litigation Law Unit, Adelaide, Australia 02-03/2018
Guest lectures (6 h, for undergraduate law students) ‘Elements of interpreting scientific evidence’ given as part
of the intensive course ‘Miscarriages of Justice’

Invited lecturer, Adelaide Law School, Litigation Law Unit, Adelaide, Australia 07/2015
Guest lecture ‘Incriminating forensic evidence: what strategy for the defendant?’ given in the intensive course
‘Miscarriages of Justice’

Senior lecturer, Faculty of Law (UNIL) 08/2010 - 07/2011
Courses ‘Interpretation I’ (B.Sc. students in Forensic science, MLaw students) and ‘Interpretation I’ (M.Sc.
students in Forensic science), during sabbatical leave of Prof. F. Taroni

Continuing education (e-learning)

Massive Open Online Courses (MOOCs) focusing on the public understanding of forensic science

MOOC ‘Challenging forensic science: How science should speak to court’ launched 11/2018
MOOC ‘La science forensique au tribunal: digne de foi?’ launched 04/2019
On Coursera (www.coursera.org): Faculty of Law, Criminal Justice and Public Administration, UNIL; also avail-
able in Italian

Specialised postgraduate e-learning courses in forensic interpretation 01/2009 — today
Developer and tutor in a unique long-distance education project (e-learning) on forensic interpretation, offered
by the Foundation for Continuing Education of UNIL and EPFL :

« ‘Statistics and the evaluation of forensic evidence’, Certificate of Advanced Studies (in 11th edition, 18

months each, awarded 20 ECTS)

* ‘Essentials of DNA interpretation’ (in 10th edition, 6 months each, awarded 5 ECTS)

» ‘Essentials of Bayesian networks in forensic science’ (in 5th edition, 6 months each, awarded 5 ECTS)

» ‘Essentials of forensic interpretation’ (in 7th edition, 6 months each, awarded 5 ECTS)

* ‘DNA interpretation given activity level propositions’ (in 3rd edition, 9 months, awarded 5 ECTS)

* ‘Advanced interpretation of transfer material given activity level propositions’ (in 1st edition, 12 months,
awarded 5 ECTS)

Training courses, workshops and round-tables (participation as organiser, co-organiser and/or instructor)

Webinar ‘Computational methods for decision support in the law’ 16.12.2020
Royal Statistical Society ‘Statistics and the Law Section’, London (co-organised with Dr. Anjali Mazumder, The
Alan Turing Institute). Half a day, number of participants: approx. 50.

Webinar ‘Interpretation and communication of expert evidence in digital imaging’ 29.09.2020
The Chartered Society of Forensic Sciences (UK) (co-organised with Prof. Graham Jackson, Abertay University,
UK). Number of participants: 10

Seminar ‘Digital evidence in investigative and evaluative proceedings’ 04.05.2020
Royal Statistical Society ‘Statistics and the Law Section’, London, co-organised with Dr. Amy Wilson, University
of Edinburgh, School of Mathematics, and Dr. Anjali Mazumder, Alan Turing Institute, London. Half a day,
number of participants: approx. 50

Case assessment and interpretation workshop 18. - 19.06.2019
Evaluative Reporting Symposium, Ontario Centre of Forensic Sciences, Toronto (co-organised with Prof. Graham
Jackson, Abertay University, UK). Two days, number of participants: approx. 80
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Seminar ‘The statistics of drug testing in sport’ 18.04.2019
Royal Statistical Society ‘Statistics and the Law Section’, London (co-organised with Dr. Amy Wilson, University
of Edinburgh, UK, and Prof. Julia Mortera, Universita Roma Tre). Half a day, number of participants: approx. 30

Conference round table ‘Identification’ 06.09.2018
18th ENFSI Fingerprint Working Group Annual Meeting, University of Lausanne (co-organised with Prof.
Christophe Champod). Number of participants: approx. 100

Workshop ‘Fingerprints and probabilities’ 04.09.2018
18th ENFSI Fingerprint Working Group Annual Meeting, University of Lausanne (in collaboration with Prof.
Christophe Champod, Dr. Glenn Langenburg and Marco De Donno). Number of participants: approx. 30

Workshop ‘Fingerprints and probabilities’ 27.08.2018
8th European Academy of Forensic Science Conference, Lyon (in collaboration with Prof. Christophe Champod,
Dr. Glenn Langenburg and Marco De Donno). Number of participants: approx. 30

Pre-symposium Workshop ‘Expert evidence in the legal process in an international and 25.06.2018
comparative perspective’

3rd International Symposium on Sino-Swiss Evidence Science (‘Pursuing Truth from Different Perspectives),
Hangzhou, China, China University of Political Science and Law and Guanghua Law School (Zhejiang Univer-
sity). Number of participants: approx. 60.

Advanced Case Assessment and Interpretation Workshop 26. —27.03.2018
For members of the Swedish National Forensic Centre, University of Lausanne

Research workshop ‘Interpretation of probabilistic test results and inductive reasoning’ 27.-28.04.2017
Workshop organised at the University of Lausanne as part of the research project NORMDECS. Total number of
participants: 7 (of which 4 externally invited scholars)

Pre-symposium Workshop ‘Forensic science reporting: scope, diversity and potential 06.09.2016
for improvement’

2nd International Symposium on Sino-Swiss Evidence Science (‘Exploring Scientific Evidence and Judicial
Proof in an International Perspective’), University of Lausanne

Session on the ENFSI Guideline for Evaluative Reporting 17.06.2016
Information session given to the EUROJUST College of National Members (Agency of the European Union
dealing with judicial co-operation in criminal matters), The Hague (Netherlands)

Advanced Case Assessment and Interpretation Workshop 18. - 19.04.2016
For members of the Swedish National Forensic Centre, University of Lausanne

Advanced forensic interpretation workshop for scientific researchers and caseworkers of the  22. —23.03.2016
Netherlands Forensic Institute, University of Lausanne

Workshop ‘L’évaluation et I’expression des résultats de la police scientifique: 03.02 and 09.03.2016
une approche scientifique’ (A scientific approach to evaluating and reporting forensic science results)
University of Lausanne (two half a days)

Workshop ‘Introduction to inference and decision analysis using Bayesian networks’ 07.10.2015
University of Lausanne, Doctoral School Program

Workshop ‘A guideline for reporting evaluative evidence in Court’ 09.11.2015
7th European Academy of Forensic Science Conference, Prague
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Pre-symposium workshop ‘A Standard (guideline) for reporting evaluative evidence in court’ 19.01.2015
1st International Symposium on Sino-Swiss Evidence Science
Hainan University, Law School, Haikou, Hainan, China

Lecture ‘Neue Entwicklungen der Kriminalistik (DNA, Mikrospuren) und Probleme 09.09.2014
von Wahrscheinlichkeitsaussagen’ (New developments in forensic science (DNA, trace evidence) and problems
with probabilistic expressions), Conference ‘StrafR! Der Beweis’, organised by Prof. M. Killias and lic. iur. B.
Gut, University of Ziirich

Workshop ‘Introduction to inference and decision analysis using Bayesian networks’ 26.06.2014
23rd International Meeting on Forensic Medicine Alpe-Adria-Pannonia
University Center of Legal Medicine Lausanne—Geneva

Advanced case assessment and interpretation workshop 13. - 14.05.2013
For members of the Swedish National Forensic Centre, University of Lausanne

Workshop ‘Ce que la justice fait dire aux moyens de preuve dits scientifiques (et ce que 29.08.2012
ceux-ci ne disent pas vraiment)’
For members of the judiciary of the Canton of Berne, University of Lausanne

Workshop ‘Introduction to Bayesian networks in forensic science’ 23.08.2012
6th European Academy of Forensic Science Conference, The Hague

Workshop ‘Bayesian networks in forensic science: applications’ 30.05. - 01.06.2012
For members of the Swedish National Forensic Centre, Linkoping

Workshop ‘Bayesian networks in forensic science’ 18.07.2011
8th International Conference on Forensic Inference and Statistics, University of Washington, School of Public
Health, Department of Biostatistics, Seattle

Workshop ‘Introduction aux modeles graphiques probabilistes: ['utilisation des Réseaux 19. - 21.01.2009
Bayesiens en science forensique’
For members of law enforcement agencies in Switzerland, University of Lausanne

Workshop ‘The use of Bayesian networks in forensic science’ 20.08.2008
7th International Conference on Forensic Inference and Statistics, University of Lausanne

HOSTING OF VISITING SCHOLARS

Since 2016, I have hosted 13 visiting researchers and professors at UNIL (Faculty of Law, Criminal Justice and
Public Administration). Total duration of visiting time: 88 months. Origin of visitors: Australia, China, Italy,
Switzerland, U.K., U.S.

ORGANIZATION OF SCIENTIFIC MEETINGS

4th International Symposium on Sino-Swiss Evidence Science, University of Lausanne 2022 (forthcoming)
Member of the local scientific and organising committee

3rd International Symposium on Sino-Swiss Evidence Science, Hangzhou (China) 25.-29.06.2018
Member of the scientific and organising committee
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2nd International Symposium on Sino-Swiss Evidence Science, University of Lausanne 05. -09.09.2016
Member of the scientific and organising committee

Inference and Decision Modelling in Forensic Science (International Exploratory Workshop) 25. —26.10.2012
Responsible organiser, meeting financed by the Swiss National Science Foundation, hosted at the University of
Lausanne, 2 days, 11 invited participants

7th International Conference on Forensic Inference and Statistics 20. — 23.08.2008
Member of the organising committee and co-organiser of a workshop, hosted at the University of Lausanne, 4
days, 150 participants

SERVICE TO THE PROFESSION

Panel discussant

Decision-support in Litigation 06.12.2019
Royal Statistical Society ‘Statistics and Law Committee’, The University of Edinburgh, Bayes Centre, Edinburgh
Centre for Statistics

IPTES 2018, Impression, Pattern and Trace Evidence Symposium, Arlington, VA (USA) 24.01.2018
Discussant of the panel ‘Statistical approaches to forensic interpretation’

DFRWS Europe 2016, 3rd Annual Digital Forensics Research Conference, Lausanne 01.04.2016
Discussant of the panel ‘Conclusions scales or likelihood ratios in digital forensic science’

Section Chair

7th International Conference on Evidence Law and Forensic Science, Freiburg (Germany) 31.07. —02.08.2019
Chair of the section ‘Forensic science: Topics impacting many or all of forensic science’

2nd International Symposium on Sino-Swiss Evidence Science, Lausanne 05. -09.09.2016
Chair of the section ‘Current issues in scientific evidence and proof’

Section Co-Chair

Sth International Conference on Evidence Law and Forensic Science, Adelaide 22.-23.07.2015
Co-Chair of the section ‘Miscarriages of justice: lessons of proof and practice’

Scientific advisor

11th International Conference on Forensic Inference and Statistics, Lund (SE) 2023 (forthcoming)
Member of the scientific committee

10th International Conference on Forensic Inference and Statistics, Minneapolis, MN 05. - 08.09.2017
Member of the scientific committee

6th International Conference on Evidence Law and Forensic Science, Baltimore, MD 14. - 16.08.2017
Member of the expert review panel for the forensic science full paper submissions

ISFG (International Society of Forensic Genetics) 31.01.2017 - 10.11.2017
Adpvisor for the ISFG DNA Commission for the development of a recommendation entitled ‘Evaluation of evi-
dence’.
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9th International Conference on Forensic Inference and Statistics, Leiden (NL)

Member of the scientific advisory board

Editorial responsibilities
Frontiers (http://www.frontiersin.org), Review Editor

Frontiers in Genetics

19. - 22.08.2014

2014 — today

08/2016 — 08/2020

Topic Editor (Guest Associate Editor) of the Research Topic ‘The dialogue between forensic scientists, statisti-

cians and lawyers about complex scientific issues for court’

Frontiers in Statistical Genetics and Methodology

11/2012 - 12/2013

Guest Associate Editor for the issue ‘DNA, statistics and the law : a cross-disciplinary approach to forensic

inference’

Editorial assistance

Revue Internationale de Criminologie et de Police Technique et Scientifique

09/2010 - 2020

Article and book reviews for the section ‘Notes de police scientifique’ (Notes on Forensic Science) (28 contribu-

tions)

Reviewer for peer reviewed journals

AFTE Journal, Association of Firearm and Toolmark Examiners (number of assignments: 1)

Annals of Applied Statistics, Institute of Mathematical Statistics (1)
Artificial Intelligence and Law, Springer (3)

Augmented Human Research, Springer (1)

Australian Journal of Forensic Science, Taylor & Francis Group (1)
Emerging Topics in Life Sciences (Biochemical Society), Portland Press (1)
Forensic Science International , Elsevier Science (78)

Forensic Science International: Digital Investigation (formerly: Digital Invest.), Elsevier (4)

Forensic Science International: Genetics, Elsevier Science (6)
Homicide Studies, SAGE (1)

International Journal of Evidence and Proof, SAGE (3)
Journal of Forensic and Legal Medicine, Elsevier (1)

Journal of Forensic Sciences, Wiley (2)

Law, Probability & Risk, Oxford University Press (9)
Palgrave Communications, Springer Nature (1)

Psychonomic Bulletin & Review, Springer (1)

Revue Internationale de Criminologie et de Police Techique et Scientifique (1)
Science & Justice, Elsevier Science (5)

Theoretical Criminology, SAGE (1)

Reviewer for book proposals

Cambridge University Press (number of assignments: 1)
Hart Publishers (1)
John Wiley & Sons (1)

Reviewer for research proposals and research reports

2015
2012
2013 — today
2020
2013
2021
2010 — today
2019 — today
2013 — today
2015
2016 — today
2014
2015 — today
2007 — today
2020
2020
2012
2013 — today
2019

2019
2020
2010

Since 2017, I have completed 17 reviews for the following entities: Czech Science Foundation, National Science

12 /31

48 /229



US v Kaevon Sutton (2018 CF1 009709) Biedermann, Budowle and Champod

Centre Poland, Netherlands Organisation for Scientific Research, Royal Statistical Society’s Working Group on
Statistics and the Law, University of Lausanne Teaching Innovation Fund, U.S. National Institute of Justice.
Reviewer for University teaching programs

Panel member for the external assessment of the Master in Forensic Science degree programme of the University
of Amsterdam 13.-14.03.2017 and 2022/23 (forthcoming)
Scientific working group membership

Member of the ENFSI project group ‘Development and implementation of an ENFSI standard for reporting
evaluative forensic science’ 03/2012 - 12/2014

MEMBERSHIP AND ACTIVITIES IN SCIENTIFIC SOCIETIES

The International Association of Evidence Science (IAES) (theiaes.cupl.edu.cn) 2017 — today
Member of the Council

American Association for the Advancement of Science (AAAS) (www.aaas.org), Member 2015 — today
Royal Statistical Society (www.rss.org.uk), Fellow 2013 — today

Member of the group ‘Publications Network of Advisors’, 01/2020 — 12/2021
Member of the Section Committee ‘Statistics and the Law’, 01/2018 — 12/2021

Société Académique Vaudoise (Academic Society of the Canton of Vaud, www.s-a-v.org) 2013 — today
Lifetime member

Association of Graduates of the School of Criminal Justice (UNIL, www.adsc.ch) 2002 — today
Member

Lausanne, April 2022

The rest of this page is intentionally left blank.
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Faculty of Law, Criminal Justice and Public Administration
1015 Lausanne-Dorigny

T +41 (0)21 692 46 07

E alex.biedermann @unil.ch

ORCID: orcid.org/0000-0002-0271-5152
http://www.unil.ch/unisciences/alexbiedermann
http://ch.linkedin.com/in/abiedermann/en

My h-index on Scopus is 24 and the total number of citations for papers is 1717.”

MONOGRAPHS

150. Bozza S., Taroni F., Biedermann A., Bayes factors for forensic decision analyses with R, Springer (forth-
coming 2022).

149. Taroni F.,, Biedermann A., Bozza S., Garbolino P., Aitken C.G.G. 2014, Bayesian networks for probabilistic
inference and decision analysis in forensic science, Statistics in Practice, 2nd Ed., Chichester: John Wiley
& Sons, Ltd., 443 p. + xxiv.

148. Taroni F.,, Bozza S., Biedermann A., Garbolino P., Aitken C.G.G. 2010, Data analysis in forensic science:
a Bayesian decision perspective, Statistics in Practice, Chichester: John Wiley & Sons, Ltd., 367 p. + xvii.

147. Taroni F., Aitken C.G.G., Garbolino P., Biedermann A. 2006, Bayesian networks and probabilistic infer-
ence in forensic science, Statistics in Practice, Chichester: John Wiley & Sons, Ltd., 354 p. + xviii.

CHAPTERS

146. Taroni F., Bozza S., Biedermann A. 2021, The logic of inference and decision for scientific evidence,
in: Philosophical Foundations of Evidence Law, Dahlman C., Stein A., Tuzet G. (Eds.), Oxford: Oxford
University Press, 251-266.

145. Taroni F., Bozza S., Biedermann A. 2020, Decision theory, in: Handbook of Forensic Statistics, Banks D.
L., Kafadar K., Kaye D.H., Tackett M. (Eds.), Chapman & Hall/CRC Handbooks of Modern Statistical
Methods, 103-130.

144. Vuille J., Biedermann A., Taroni F. 2015, Accounting for the potential of error in the evaluation of
the weight of scientific evidence, in: Understanding Wrongful Conviction. The Protection of the Inno-
cent Across Europe and America, collana editoriale ‘Giustizia penale europea’, Luparia L.(Ed.), Milano:
Wolters Kluwer, 39-55.

143. Mazzella W.D., Biedermann A. 2014, Interpretation: printed document examination and evidence, in:
Wiley Encyclopedia of Forensic Science, Jamieson A., Moenssens A. (Eds.), Chichester: John Wiley &
Sons (online publication).

7All counts are taken from Scopus on March 23rd 2022 (Period 2004-2022). On the same date, Google scholar states a A-index of
29 and a total citation count of 3104.
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142. Biedermann A., Taroni F. 2014, Evaluation probabiliste, in: Traces d’armes a feu, Expertise des armes et
des éléments de munitions dans l’investigation criminelle, 2nd Ed., Gallusser A. (Ed.), Lausanne: Presses
Polytechniques Universitaires Romandes, 375-440.8

141. Taroni F,, Biedermann A. 2014, Probability and inference in forensic science, in: Encyclopaedia of Crim-
inology and Criminal Justice, Bruinsma G.J.N., Weisburd D.L. (Eds.), New York: Springer Science +
Business Media, 3947-3957.

140. Vuille J., Biedermann A., Taroni F. 2013, L’arbre qui cache la forét, Correspondances fortuites et erreurs
lors des analyses ADN, in : Criminology, Criminal Policy and Criminal Law in an International Perspec-
tive, Essays in honour of Martin Killias on the occasion of his 65th birthday, Kuhn A. et al. (Eds.), Bern:
Stampfli Verlag, 1095-1110.

139. Aitken C.G.G., Taroni F.,, Biedermann A. 2013, Statistical interpretation of evidence: Bayesian analysis, in:
Encyclopedia of Forensic Sciences, Second Edition, Siegel J.A., Saukko P.J. (Eds.), Waltham: Academic
Press, vol. 3, 292-297. — Reprinted in:

* Forensic Anthropology, First Edition, 2017, Houck M. (Ed.), San Diego: Academic Press/Elsevier,

325-331.

* Forensic Chemistry, First Edition, 2015, Houck M. (Ed.), San Diego: Academic Press/Elsevier, 331—
336.

* Forensic Biology, First Edition, 2015, Houck M. (Ed.), San Diego: Academic Press/Elsevier, 155—
161.

* Professional Issues in Forensic Science, First Edition, 2015, Houck M. (Ed.), San Diego: Academic
Press/Elsevier, 119-125.

138. Taroni F,, Biedermann A. 2013, Bayesian networks, in: Encyclopedia of Forensic Sciences, 2nd Ed., Siegel
J.A., Saukko PJ. (Eds.), Waltham: Academic Press, vol. 1, 351-356. — Reprinted in:

* Forensic Biology, First Edition, 2015, Houck M. (Ed.), San Diego: Academic Press/Elsevier, 221—
2217.

137. Vuille J., Biedermann A., Taroni F. 2013, The importance of having a logical framework for expert conclu-
sions in forensic DNA profiling: illustrations from the Amanda Knox case, in: Wrongful Convictions and
Miscarriages of Justice: Causes and Remedies in North American and European Criminal Justice Systems,
Huff R.C,, Killias M. (Eds.), New York: Routledge Chapman & Hall, 137-159.

136. Taroni F., Biedermann A. 2010, La valeur probante de 1’indice ADN: juristes et scientifiques face a
I’incertitude et aux probabilités, in: 300 ans d’enseignement du droit a Lausanne, Peter H. (Ed.), Ziirich:
Edition Schulthess, 337-374.

135. Taroni F.,, Biedermann A. 2008, Inference problems in forensic science, in: Bayesian Belief Networks: a
Practical Guide to Applications, Pourret O., Naim P., Marcot B.G. (Eds.), Chichester: John Wiley & Sons,
Ltd., 113-126.

8This monograph was nominated as a finalist for the 27¢ édition du Prix Roberval 2014 Enseignement Supérieur (The Roberval
Prize, prixroberval.utc.fr). The Roberval Prize is an international competition to encourage the production of works (in French) devoted
to the explanation of technology.
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E-BOOKS

134. Pope S., Biedermann A. (Eds.) 2020, The dialogue between forensic scientists, statisticians and lawyers
about complex scientific issues for court, Frontiers in Genetics (Statistical Genetics and Methodology),
Lausanne: Frontiers Media SA, doi: 10.3389/978-2-88966-049-0, 62 p. (11 articles, 22 authors).

133. Biedermann A., Vuille J., Taroni F. (Eds.) 2014, DNA, statistics and the law: a cross-disciplinary approach
to forensic inference, Frontiers in Genetics (Statistical Genetics and Methodology), Lausanne: Frontiers
Media SA, doi: 10.3389/978-2-88919-250-2, 39 p. (11 articles, 18 authors).

PH.D. THESIS

132. Biedermann A. 2007, Bayesian networks and the evaluation of scientific evidence in forensic science,
Université de Lausanne, Faculté de droit, des sciences criminelles et d’administration publique, Ecole des
sciences criminelles, no. XXXV.

LAW REVIEW AND PEER-REVIEWED ARTICLES

131. Biedermann A., Koehler J. J. 2022, Influence diagrams for complex litigation, Jurimetrics: The Journal of
Law, Science, and Technology (American Bar Association), 62, 131-171.

130. Biedermann A., Kotsoglou K. N. 2022, (Un-)Interpretability in expert evidence: an inquiry into the fron-
tiers of evidential assessment, Quaestio facti (Revista Internacional sobre Razonamiento Probatorio Quaes-
tio facti. International Journal on Evidential Legal Reasoning), 3, 481-515.

129. Biedermann A. 2022, The strange persistence of (source) “identification” claims in forensic literature
through descriptivism, diagnosticism and machinism, Forensic Science International: Synergy, 4, 100222.

128. Biedermann A., Caruso D., Kotsoglou K. 2021, Decision theory, relative plausibility and the criminal
standard of proof, Criminal Law and Philosophy, 15, 131-157.

127. Biedermann A., Kotsoglou K., 2021, Forensic science and the principle of excluded middle: “Inconclusive
decisions” and the structure of error rate studies, Forensic Science International: Synergy, 3, 100147.

126. Kotsoglou K., Biedermann A., Vuille J. 2020, DNA und Beweiswiirdigung — Der statistische Rubikon und
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