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Workshop Planning Team and Moderators

Sandy Koch Will Guthrie Hari lyer Steve Lund John Butler
(chair)

.....

Sanne Aalbers  Melissa Taylor Sheila Willis



Meeting notes

* This meeting will not be recorded

* We are taking notes to write up a
summary of what was presented and
discussed to post on the website
publicly afterward

* Thank you!
e Darby Harris

e Kelsey Johns GW

* Holly Zhao
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Wrap up review and What's
Next?




How are forensic findings communicated and

understood? And what can be improved?
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Data & Analysis : Forensic Report Expert Testimony Interpretation i Decision
What is reported? What is presented? What is
?
What is Whao is presenting? understood:

included/excluded? How are results

How is it presented interpreted?

How is it reported (LR, (proposition level,
RMP, verbal, etc.)? scale)?



Goals for Today’s Workshop:

*To hear from a diverse group of speakers and
stakeholders

 Time for discussion has been built into the schedule:
* Questions and comments are encouraged!

* Please be open to different perspectives that will be
shared today and contribute to discussions in a
collegial manner



Goals

for Today’s Workshop:

* This workshop is intended to provide the focus for our
next Scientific Foundation Review

e And

we will also be looking for potential participants to assist

our project team in drafting the NIST report (there will also be
an opportunity during the public comment period to provide

feec
* We

back)
nave started to gather references so if there are

pub
free
(san

ications that you want us to be made aware of, please feel
to send those citations or articles my way
dra.koch@nist.gov)
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Session 1: Framing the Issues

The speakers in this session were asked to
set the stage for the rest of the workshop
so we have a similar framework to
understand the issues

e John Butler NIST Special Programs Office
 Judge J. Michael Ryan DC Superior Court
* Hal Stern UC Irvine/CSAFE

 Steve Lund and Hari lyer NIST Statistical
Engineering Department




Communicating Forensic Findings (CFF) Workshop
Rockville, MD
25 June 2024

NIST Scientific Foundation
Reviews

John M. Butler, Ph.D.
NIST Special Programs Office

NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY
U.S.DEPARTMENT OF COMMERCE




NIST Forensic Science Program

https://www.nist.gov/spo/forensic-science-program

Research at NIST
in 8 focus areas:

Biometrics Digital

: Evidence
Drugs and Evidential
Toxicology Statistics
Firearms and| Forensic
Toolmarks ' Genetics
Forensic ' T
Science Er'd
Quality ! HEwE
Assurance

Robert Ramotowski

Special Programs Office

Standards efforts involve
administering OSAC

22 forensic disciplines
with >800 participants from

DIGITAL/ across the community

MULTIMEDIA

FORENSIC
SCIENCE OSAC
STANDARDS

PHYSICS/PATTERN
INTERPRETATION

190 forensic

science standards
(as of 4 June 2024)

HF‘LEHEP{TER

>150 implementers

forensic science service providers

@ LEXICON

>4,000 terms

organized by forensic discipline

John Paul Jones

Shyam Sunder

Foundation Studies

NISTIR 8225

NIST Seientific Foundation Reviews

Joks WL Matier
Bflinnn K Tavlion
Sheils Willl®

Raavna’ Froagrdoni 1

........

il I

DNA Mixture Interpretation

Digital Investigation Techniques

Bitemark Analysis Firearm Examination

Footwear & Tire Communicating Findings (LR)

John Butler


https://www.nist.gov/spo/forensic-science-program

Scientific Foundation Studies

https://www.nist.gov/forensic-science/interdisciplinary-topics/scientific-foundation-reviews

Goal: Identify the scientific foundations that support and underpin forensic methods and document and assess empirical
evidence for the reliability of these methods using publicly available data and peer-reviewed literature.

a topic is .
celected Initial Input NIST Process
(Resource Group,
Workshop, Interlab Study,
etc.)
D RA FT Consider Public
A Study Team Comments FINAL
Works Report Received Report

Our approach to conducting these studies, also
bli known as technical merit evaluations, is described
Public Comments on in NIST Interagency Report NISTIR 8225: NIST
Draft Report Scientific Foundation Reviews



https://www.nist.gov/forensic-science/interdisciplinary-topics/scientific-foundation-reviews
https://www.nist.gov/publications/nist-scientific-foundation-reviews
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NIST Foundation Study Reports

NIST Internal Report
NIST IR B354

Digital Investigation Techniques:
A NIST Scientific Foundation
Review

Jamnes M, Lyle
I arbar Ciuitnsn

Soallvisiio anniil Sy Kk

leihm A, Wimler
Kallv Suserwein
Chesting Reed

NIST Interagency Report
MNIST IR 8352

Bitemark Analysis:
A NIST Scientific Foundation Review

Supplemental Documents

NIST Interagency Report
NIST IR 8352sup1

CSAFE Bitemark Thinkshop Report

mier for Sumsies wwl Appcaons m Fommesic P vadonces |CS4AF1)

MIST Interagency Report
HIST IR B3525up2

Standards and Guidelines in Forensic
Odontology

Faon K Reamk

NISTIR B351-DRAFT

DNA Mixture Interpretation:
A NIST Scientific Foundation Review

Rk . Bl
Mot B Tiryha
Sl Wil®

Corrine 1. Llovd 'ﬁ" vy HNIST Interagency Report 51
R —— f rumsjear’ B NIST IR B3525up3 3 o
55 This publicntion is sraibable Thos of charge from
Tile hsstion i e i of ey b : Summary of Published Criticisms of - trigm g | S NIET IR A1)
s R g Y ACIAMINT T332 Bitemark Foundations and e
ST——— " Responses by Forensic D RA FT o,
November 2022 o ey Odontelogists "
o 0N March 2023 June 2021 1.;
-pages % ,/ 42-pages % — s P
I N p g > oo NIST Interagency Report 2 5 O- p d ge S e Sy o Comrs
" NIST IR 83525up4 s b i)
- Bitemark Analysis Reference List w e e
Digital evidence examination rests on a firm Kelty Smermi Received extensive public comments (~500

foundation based in computer science.
Extensive testing of over 250 widely used
digital forensic tools showed that most
tools perform their intended functions
with only minor anomalies.

pages) that are being considered along with
additional information since June 2021. We
will release a final report when completed.

Forensic bitemark analysis lacks a sufficient scientific
foundation because the three key premises of the field are not
supported by the data.

https://www.nist.gov/forensic-science/interdisciplinary-topics/scientific-foundation-reviews
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Why Study Communicating Forensic Findings?

* |[dentified as a need in the DNA Mixture Interpretation Draft Report

* Key Takeaway #4.8: We encourage a separate scientific foundation review on the
topic of likelihood ratios in forensic science and how LRs are calculated, understood,
and communicated.

* The planning committee felt it would be useful to expand this workshop to
cover communicating forensic findings rather than simply discussing
likelihood ratios

* NIST previously held two workshops (in May 2016 and June 2017) on
quantifying the weight of forensic evidence with some helpful content and
discussions to build upon...



Previous NIST Workshops
on Quantifying the Weight of Forensic Evidence

- May 5-6, 2016:

* (Presentation slides available)
https://www.nist.gov/itl/iad/image-group/tc-quantifying-
weight-forensic-evidenceonline-proceedings

* (Presentation videos available)
https://www.nist.gov/news-events/events/ibpc-technical-
colloquium-quantifying-weight-forensic-evidence

* (Bibliography of 21 key articles)
https://www.nist.gov/itl/iad/image-group/quantifying-
weight-evidence-reading-material

* June 27-29, 2017:

* https://www.nist.gov/itl/iad/image-group/technical-
colloquium-quantifying-weight-forensic-evidence
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Approach to Conducting These Foundation
Studies

Our approach to conducting these studies, also known as technical merit evaluations, is described in
NIST Interagency Report NISTIR 8225: NIST Scientific Foundation Reviews and generally follows these

steps:
1. A forensic discipline, method, and/or practice is selected for study
e 2. Publicly available scientific literature and information are gathered
are 3. A workshop may be held seeking input from members of the community
IS 4. Team of NIST scientists and outside experts meet, discuss, and draft report and supplemental

documents

Information is shared and received at forensic conferences during the deliberation phase

Draft reports are made available for public comment along with supplemental documents and all
public comments received are shared

7. After considering public comments, reports are finalized and made available on NIST website

o U

https://www.nist.gov/forensic-science/interdisciplinary-topics/scientific-foundation-reviews
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Thank you for your attention!

Acknowledgments:
* Congressional funding and NIST Special Programs Office

* Planning team: Sandy Koch, Sanne Aalbers, John Butler, Will Guthrie, Hari lyer,
Steve Lund, Melissa Taylor

* Logistics: Corrine Lloyd, Donna Ramkissoon, Dalia Travis, Pauline Truong
* Thank you for attending and participating over these two days

Sandy Koch John Butler

sandra.koch@nist.gov john.butler@nist.gov

https://www.nist.gov/spo/forensic-science-program

Questions?
NATIONAL INSTITUTE OF ’
STANDARDS AND TECHNOLOGY Feel free to
Points of view are those of the authors and do not necessarily represent the official position or policies of the National Institute of Standards and fu rther
Technology. Certain commercial entities are identified in order to specify experimental procedures as completely as possible. In no case does such . .
identification imply a recommendation or endorsement by the National Institute of Standards and Technology, nor does it imply that any of the entities |nf0rmat|on

identified are necessarily the best available for the purpose.
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[1 slide 702]

Rule 702. Testimony by Expert Witnesses

A witness who is qualified as an expert by knowledge, skill, experience,
training, or education may testify in the form of an opinion or otherwise
if the proponent demonstrates to the court that it is more likely than not

that:

(a) the expert’s scientific, technical, or other specialized knowledge will
help the trier of fact to understand the evidence or to determine a fact in
1ssue;

(b) the testimony is based on sufficient facts or data;
(c) the testimony is the product of reliable principles and methods; and

(d) the expert's opinion reflects a reliable application of the principles
and methods to the facts of the case.



[SLIDE 2]

The amendment continues the practice of the original Rule in
referring to a qualified witness as an “expert.” This was done to provide
continuity and to minimize change. The use of the term “expert” in the
Rule does not, however, mean that a jury should actually be informed
that a qualified witness is testifying as an “expert.” Indeed, there is much
to be said for a practice that prohibits the use of the term “expert” by
both the parties and the court at trial. Such a practice “ensures that trial
courts do not inadvertently put their stamp of authority” on a witness's
opinion, and protects against the jury's being “overwhelmed by the so-
called ‘experts’.



[SLIDE 3]
Instruction 2.215 SPECIALIZED OPINION TESTIMONY

[FORMERLY EXPERT TESTIMONY]|

In this case, [you will hear] [you heard] the testimony of [name of witness] who
[will express] [expressed] opinions concerning [certain subjects; specify the
subject(s), if possible]. If scientific, technical, or other specialized knowledge
might assist the jury in understanding the evidence or in determining a fact in
issue, a witness who possesses knowledge, skill, experience, training, or education
may testify and state an opinion concerning such matters. You are not bound to
accept this witness’s opinion. If you find that the opinion is not based on sufficient
education or experience, that the reasons supporting the opinion are not sound, or
that the opinion is outweighed by other evidence, you may completely or partially
disregard the opinion. You should consider this evidence with all the other
evidence in the case and give it as much weight as you think it fairly deserves.
[During the testimony of [an] expert witness[es] in this case, you have heard [an]
[more than one] expert refer to information that was not otherwise introduced or
admitted into evidence. This information is relevant only to explain what the
expert[s] relied upon in forming his/her/their opinion[s]. You may not consider the
expert’s testimony to be evidence of the truth of that information. You may
consider this information only for the purpose of evaluating the expert’s opinion
and not for any other purpose.]

1 Criminal Jury Instructions for DC Instruction 2.215 (2024)



https://advance.lexis.com/api/document/collection/jury-instructions/id/55BD-X7C0-R03P-10X6-00000-00?cite=1%20Criminal%20Jury%20Instructions%20for%20DC%20Instruction%202.215&context=1000516&icsfeatureid=1517130

[SLIDE DAUBERT QUESTIONS]

Questions to assess reliability—whether a theory or
technique is scientific knowledge that will assist the trier

of fact?

Whether it can be (and has been) tested

Whether the theory or technique has been subjected
to peer review and publication

What is the known or potential rate of error?

Are there standards maintained which control the
technique’s operation?

General acceptance can have some bearing: a
reliability assessment permits identification of a
relevant scientific community and determination of a
particular degree of acceptance within that
community.



[SLIDE 4 - TIMELINE]

1990s Daubert, Kumho Tire, new FRE 702

2000 Joseph P. Bono affidavit. US v. Curtis, 755 A.2d 1011 (D.C. 2000)

2006 NATIONAL ACADEMY OF SCIENCES: Strengthening
Forensic Science in the US report

2010 In Re O.W., 09-DEL 1977 (Ryan, J. April 2, 2010)

2016 PRESIDENT’S COUNCIL OF ADVISORS ON SCIENCE
AND TECHNOLOGY: Forensic Science in Criminal Courts:
Ensuring Scientific Validity of Feature-Comparison Methods

2019 US v. Tibbs, 2016 CF1 19431 (Edelman, J. Sept. 5, 2019)

2024 US v. Green, 2018 CF1 4356 (Okun, J. April 1, 2024).


https://advance.lexis.com/api/document/collection/cases/id/40D1-CPJ0-0039-4064-00000-00?page=1013&reporter=4902&cite=755%20A.2d%201011&context=1000516

[SLIDE 4A]

2000

Affidavit from Joseph P. Bono, the Director of the DEA Mid-Atlantic
Laboratory “noted that tests and instruments that are properly used by
qualified forensic chemists are incapable of producing a false positive.”

US v. Curtis, 755 A.2d 1011, 1013 n.7 (D.C. 2000)

2006 NAS report


https://advance.lexis.com/api/document/collection/cases/id/40D1-CPJ0-0039-4064-00000-00?page=1013&reporter=4902&cite=755%20A.2d%201011&context=1000516

[SLIDE 4B]

2010

“At that hearing, Ms. H--------- testified that there is a zero percent (0%)
error rate associated with the combined three test procedures used here
to identify the unknown, seized substance[]”

While explaining that each of these tests used alone is presumptive, as
distinct from confirmatory, [] Ms. H-------- nonetheless maintained their
infallibility when used in concert. With the designation that these tests
are merely presumptive, the DEA chemist acknowledged that there is
some degree of inherent error calculable with respect to each of the tests
when they are performed in isolation. That there is some distinct and
additional degree of error calculable with respect to this analyst’s
performance of each test is also without question.

[T]he assertion that the combination of the three tests in question used
for the identification of marijuana is infallible, coupled with the claim by
the DEA forensic chemist of her own zero percent (0%) error rate in
conducting these tests, and her vague allusions to the existence of
“different studies that have been introduced today and that are at my
laboratory” supporting this claim, are sufficient to indicate a possible
flaw in the testing procedures, thus warranting the government’s
compliance with Respondent’s discovery request...

In Re O.W., 09-DEL 1977 (Ryan, J. April 2, 2010)



[SLIDE 4C]

2016

2019

2024

PRESIDENT’S COUNCIL OF ADVISORS ON SCIENCE
AND TECHNOLOGY: Forensic Science in Criminal Courts:
Ensuring Scientific Validity of Feature-Comparison Methods

US v. Tibbs, 2016 CF1 19431 (Edelman, J. Sept. 5, 2019)

US v. Green, 2018 CF1 4356 (Okun, J. April 1, 2024).



[SLIDE 4D]

2019

Based largely on the inability of the published studies in the field to
establish an error rate, the absence of an objective standard for
identification, and the lack of acceptance of the discipline's foundational
validity outside of the community of firearms and toolmark examiners,
the Court precluded the government from eliciting testimony identifying
the recovered firearm as the source of the recovered cartridge casing.
Instead, the Court ruled that the government's expert witness must limit
his testimony to a conclusion that, based on his examination of the
evidence and the consistency of the class characteristics and microscopic
toolmarks, the firearm cannot be excluded as the source of the casing.

US v. Tibbs, 2016 CF1 19431 (Edelman, J. Sept. 5, 2019)



[SLIDE 4E]

2024

First, the Court will not permit the examiner to state that his conclusions
are to a 100% certainty, to a reasonable degree of scientific certainty, or
based on a comparison to all other firearms or toolmarks. Second, the
examiner will have to qualify his opinion by stating that his conclusions
are not based on a statistically derived or verified measure and that there
is not a generally accepted statistical method for conveying the weight of
an identification. Third, the examiner will have to qualify his opinion by
making clear that his opinion is based on his subjective determination of
sufficient agreement in individual characteristics or random
imperfections. And finally, the examiner will have to qualify his opinion
by testifying that the relevant cartridge casings are “consistent with”
having been fired from the firearm at issue, not that they were fired from
the firearm at issue, and not even, as the Government has proposed, that
there is extremely strong support for the proposition that the casings were
fired from the firearm at issue.

US v. Green, 2018 CF1 4356 (Okun, J. April 1, 2024).
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Communicating Uncertainty

* August 2014 NIST Federal Funding Opportunity :

“A critical need in the forensic science research

community is a more thorough understanding (4 _UN%EI.:!E:%NT‘F

and contextualizing of the uncertainty associated
with scientific measurements and/or analytical
techniques. Reporting uncertainty in forensic
science measurements is currently an uncommon
practice, largely because the forensic science
community demands an unequivocal conclusion

of a binary analysis ..”

UCI Department of Statistics

Donald Bren School of Information & Computer Sciences




Communicating Uncertainty

« van der Bles et al., 2019, Royal Society Open Science
“Communicating Uncertainty About Facts, Numbers and Science”

e Framework:

. . . . Characleristics __ e
— Who is communicating? e
. ° Redationship — Emation
— What are they communicating? g |
— In what form is the | e
. . “whn” meaking
uncertainty communicated?
— Communicated to whom?
— Communicated to what effect? ‘ T | e e e—
= %mm — Obisot  {— Exprossincl
— SO
| Paople daing tha  Format
Simmun ication L Lovel
L— Mapnitude — Medium

Donald Bren School of Information & Computer Sciences

UCI Department of Statistics K@qufe



Communicating Uncertainty

* Who is communicating?

— Forensic examiner

— Attorney (prosecutor / defense)
e Communicated to whom?

— Trier of fact (jury or judge)

¢ 2018 — Only 2% of federal criminal cases went to Jury trial
e 2013-14 — Only 2% of felony cases in CA went to jury trial
— Investigators

— Attorneys
* Communicated to what effect?
— Primarily about decision-making
— Decision making by jury, investigators, attorneys

UCI Department of Statistics

Donald Bren School of Information & Computer Sciences




What 1s being communicated?

* The task of interest for purposes of this presentation:
assess two items of evidence,
one from a known source and one from an unknown source,

to assess the proposition that the two samples originate from the
same source

* Clearly, there are other scenarios
— Digital evidence (collecting evidence)
— Bloodstain pattern analysis (causal mechanism)
— DNA mixture analysis (inclusion of suspect)

UCI Department of Statistics @) csafe

Donald Bren School of Information & Computer Sciences
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UCI Department of Statistics
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In what form 1s the uncertainty
communicated?

« Approaches

— Expert assessment based on experience, training, use of accepted methods.
Typically summarized by a categorical conclusion
(e.g., identification / exclusion / inconclusive)

— Two-stage procedure
(see, e.g., Parker and Holford in the 1960s)

» similarity (can the Q and K be distinguished) — <
. . . . . . . jecti tance regi jecti
« discrimination (is the observed agreement a coincidence)  rgen e "regon’

— Likelihood ratio (or the closely related Bayes factor)

UCI Department of Statistics @@csqfe

Donald Bren School of Information & Computer Sciences



Forensic Evidence as Expert Opinion

Status quo 1n pattern disciplines
(fingerprints, shoe prints, firearms, toolmarks,
questioned documents, etc.)

Examiner analyzes evidence based on
— Experience
— Training
— Use of accepted methods in the field
Assessment of the evidence reflects examiner’s expert opinion

Conclusions typically reported as categorical conclusions
— Identification, Exclusion, Inconclusive
— Multi-category scales (e.g., questioned documents)
— Potentially via OSAC-developed interpretation scales

UCI Department of Statistics (@\ csafe

Donald Bren School of Information & Computer Sciences



Forensic Evidence as Expert Opinion

« Strengths and Weaknesses:
— Conclusions can be easily understood

— Black-box studies can be used to provide discipline-level performance data
* Measure reliability (reproducibility/repeatability) and accuracy

» For example: Ulery et al. (2011) latent print study found:
Nonmated pairs: 0.15% ID 11.14% Inconcl ~ 88.71% Excl
Mated pairs: 61.37% ID 31.09% Inconcl 7.54% Excl

» But these studies have limitations
— Does not address individual case/expert
— Imc; with “inconclusive” results

— Studies vs real casework
— Existing scales don’t address uncertainty (other than through “inconclusive™)

— It is proving challenging to develop scales that integrate uncertainty assessment
e Some support ? Strong support?

UCI Department of Statistics (@csqfe

Donald Bren School of Information & Computer Sciences



The Two-Stage Approach

Stage 1 - Similarity
— Statistical test or procedure to determine if the two samples

2% ¢¢

“are indistinguishable™, “can’t be distinguished”, “match”, etc.

Stage 2 - Discrimination

— Assessment of the probability that two samples from different sources
would be found indistinguishable

Used 1n assessment of trace evidence (like glass)

Conceptually many other disciplines appear to act in this way
(e.g., a footwear examination)

UCI Department of Statistics @@csqfe

Donald Bren School of Information & Computer Sciences



The Two-Stage Approach

» Strengths and Weaknesses

— Stage 1 1s a natural thing to do for discrete / categorical variables
(blood type, DNA alleles)

— Stage 1 1s more challenging when the evidence are summarized by
quantitative measurements (e.g., element concentrations for glass)

* Requires a statistical procedure of some sort
(e.g., ASTM E2927 for glass)

* The usual null hypothesis (samples can’t be distinguished) seems to be the
wrong starting point

» A binary decision here (distinguished / not) can involve a loss of information
— Stage 2 1s difficult (what is the relevant population?)
— Stage 2 1s not usually provided in a quantitative way

UCI Department of Statistics @@csqfe

Donald Bren School of Information & Computer Sciences



The likelihood ratio (LR)

A current focus of much attention 1n forensic science
research 1s the likelihood ratio

The LR 1s a statistical concept seen as a potential
unifying logic for evaluation and interpretation of
forensic evidence

The LR already plays a role outside forensics in ...
— Statistical inference (hypothesis tests)
— Evaluating evidence provided by medical diagnostic tests

Europe has moved in this direction
(ENFSI Guidelines and work of NFI)

UCI Department of Statistics @@ csafe

Donald Bren School of Information & Computer Sciences



The likelihood ratio (LR)

e E =-evidence

* H, = “same source” proposition (two samples have the same source)

H,= “different source” proposition (two samples have different sources)
« Bayes’ Theorem

Pr(H |E) = Pr(E |H) Pr(H)
Pr(Hy | E)  Pr(E|H,) Pr(Hy)

“a posteriori” odds Likelihood ratio or “a prior1” odds
in favor of same Bayes factor in favor of same
source hypothesis source hypothesis

* Details: role of task-relevant contextual information, terminology (LR vs Bayes factor)

UCI Department of Statistics @@csqfe

Donald Bren School of Information & Computer Sciences



Likelihood ratio (LR)

* Current state

* Successfully used for “single source” DNA
* Underlying biology 1s understood
* Biological theory provides a probability model
* Data is available
* Note that DNA mixtures remain challenging

* Examples in other disciplines
* (lass (Aitken and Lucy)
* Bullet lead (Carriquiry, Daniels, Stern)

* Pattern evidence has proven challenging
* How to represent the evidence as quantitative data
* Score-based approaches are often used

(replace evidence E by score S)

UCI Department of Statistics @@csqfe

Donald Bren School of Information & Computer Sciences



Likelihood ratio (LR)

« Strengths and Weaknesses

Explicitly compares two (or more) relevant hypotheses/propositions

Provides a mapping from a specified set of assumptions to a quantitative
summary of the evidence
« Assumptions regarding probability distributions, manufacturing, transfer of evidence, etc.

» Making such assumptions explicit has the potential to enhance the transparency
of the evidence assessment process

* But LR can be quite sensitive to the assumptions (Lund and Iyer, 2017)
Avoids arbitrary match/non-match decisions when faced with continuous data

Can potentially accommodate a wide range of factors
(e.g., manufacturing, distribution, wear)

Very difficult to develop models for pattern evidence;
score-based models have promise but also limitations

Challenging for people (especially non-quantitative people) to understand
and interpret

UCI Department of Statistics (@csqfe

Donald Bren School of Information & Computer Sciences



Putting 1deas together — LR & Expert Opinion

Black box studies provide field-level data about error rates

Can think about evidence E as being the expert opinion
(not the prints, but the expert’s opinion about the prints)

LR would then tell us to find Pr(E | known match) and Pr(E | known non-match)

From Ulery et al.
— IfE ="1dent”, then LR = (3663/5969) / (6/4083) = 418 in favor of same source

— If E ="exclude”, then LR = .085 in favor of same source
or LR =1/.085 = 12 in favor of different source

— If E = “inconclusive”, then LR = 2.8 in favor of same source
M

From the recent Monson et al. firearms (bullet) data
— If E ="1dent”, then LR = 109 in favor of same source

— If E ="elimination”, then LR = .086 in favor of same source
or LR =1/.086 = 12 in favor of different source

— If E ="inconclusive-A”, then LR = 1 (not informative)
— If E =”inconclusive-B”, then LR = 3 in favor of different source
— If E ="inconclusive-C”, then LR = 10 in favor of different source

UCI Department of Statistics (@csqfe

Donald Bren School of Information & Computer Sciences



Putting 1deas together — LR & Two-Stage

Stage 1 of two-stage approach determines whether two evidence
samples (e.g., glass) are ”indistinguishable”

Can think about evidence E being
“observation that samples are indistinguishable”

LR would then tell us to evaluate Pr(E | same source) and
Pr(E | different source)

Pr(E | same source) is usually very high
(depends on statistical procedure used to determine whether we
can distinguish), typically .95 or higher

Stage 2 is our attempt to calculate Pr(E | different source)
Stage 2 is key to understanding the value of the evidence

UCI Department of Statistics (@ csafe

Donald Bren School of Information & Computer Sciences



Conclusions

* Any approach to assessing the probative value of forensic
evidence should:

— Account for the two (or more) competing hypotheses about how the evidence
(data) were generated

— Be explicit about the reasoning and assumptions on which the assessment 1s
based

— Have relevant empirical support for the reasoning and assumptions

— Include an assessment of the level of uncertainty associated with the
assessment

« The language used in reports, testimony, opening/closing statements
are critical.

« Contact: sternh(@uci.edu

UCI Department of Statistics (@csqfe

Donald Bren School of Information & Computer Sciences
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Communicating Forensic Findings (CFF)

CFF: Experts imparting information to other parties in the judicial system.



What type of information?

e Observations about the evidence
e Descriptive, demonstrable
e Often high-dimensional or complicated

e Opinions of the expert(s)
* |Interpretive, personal, some variability expected — “range of opinions”
e Typically simpler than observations

CFF Goal: Help others make better decisions



How to Measure/Grade CFF?

 What’s the greatest potential gain from the expert?

e Among ground-truth-known tests, could compare experts’ ability to distinguish
between propositions of interest with recipients’ to measure the gap

Perfect
sepa rationw -

)
Exclusions ?

Decide same
source regardless of
examiner opinion

Decide same source
unless examiner provides
exclusion opinion

Decide same source only
when examiner provides
identification opinion

Perfect Performance
= Example Examiners
Random Guessing

True Positive Rate
(Proportion of Mated Comparisons)

ldentiﬁcations

Decide different

source regardless of
Al/ examiner opinion
0 False Positive Rate
(Proportion of Non-mated Comparisons)




How to Measure/Grade CFF?

 What’s the greatest potential gain from the expert?

e Among ground-truth-known tests, could compare experts’ ability to distinguish
between propositions of interest with recipients’ to measure the gap

* No gap would imply no meaningful information to communicate. Typically expect a gap
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See how well CFF approaches close the gap

e Consider multiple approaches:
e Presenting observations vs presenting opinions

e Accompanying supporting information (e.g., population study summaries, theoretical
explanations)

e Attempts to educate decision makers vs. attempts to instruct the decision makers

1oo—i\*7

Experts
Recipients shown raw features
== Recipients shown raw features & pop. study
== Recipients given expert's opinion
501 Recipients given expert's opinion and validation
Blend of Communication Strategies

75+

% of Known Matches

251

0 25 50 75 100
% of Known Nonmatches



How to Measure/Grade CFF?

e This approach may encourage suggesting recipients adopt expert’s
sentiment as their own (since then they’d have the same
discrimination power as the expert)

 Ignores range of opinions / treats personal and subjective interpretation as
communal fact

 What to do with disagreements among equally competent experts?
e What about uncharted territory?

e Blindly accepting an expert’s opinion opens a doorway for junk
science or pushing boundaries too far (extrapolation)

* Focusing on validation data could help close the door
e Recognize overconfidence or unsupported claims

e Reliable communication is critical, including validation details



Important Caveat

* Judicial outcomes relying on forensic science provide less observable
feedback than real world outcomes relying on other applications of

science. E.g.,
e Building remains standing or collapses (e.g., Champlain Towers South)
e Side effects of drug released for public consumption (e.g., Vioxx with ~30,000
adverse cardiac events)
* Most forensic casework applications are like rockets disappearing immediately
after launch

* More difficult to recognize real world successes and failures for forensic

applications
e Allowed overconfident performance conjecture unsupported by empirical testing
(e.g., to the exclusion of all other sources, error-free method, etc.)
e Prior to DNA, no obvious signs of trouble means these claims largely avoided
scientific scrutiny
e Following public errors and work of the Innocence Project, legal and scientific
communities increase demand for empirical studies



Validation...

e ... IS even more important to assessing reliability of forensic methods
than it is for most applied sciences

e ... has a critical role in...
e Labs deciding whether to use a method in a particular case

e Recipients deciding how much weight to give a method’s result in a particular
case

e High-stake decisions made by peers rather than specialists

e ...isan important component in CFF



So how do we talk about validation?

e “Validated”

* “Error rate”

(Google Gemini result for “generate an image for the
word unsatisfactory”)



“Validated”

e Falsely implies there’s a checklist that, once completed, renders uncertainty regarding
method performance inconsequential

* “How many samples do | need?”
e Overlooks benefit to collecting additional validation data

e Suggests performance is one-size-fits-all

e Masks subjectivity of chosen validation criteria as consequence of statistics and
science, making it harder to question



Error rates

e Biggest Positive: Brings attention to empirical performance studies

 Biggest Drawback: Requires oversimplifying to label each opinion/conclusion
as either correct or incorrect
e Most opinion/conclusion scales are on a more refined spectrum
 Throws away relevant information

e Leads to many proposals for handling inconclusive conclusions, some of which can be
misleading



Example

Pauw-Vugts, P., Walters, A., @ren, L., & Pfoser, L. (2013). FAID2009: proficiency test and workshop. AFTE Journal, 45(2).

Identification Probable ID Inconclusive Probable Ex Exclusion Unsuitable




Example

Pauw-Vugts, P., Walters, A., @ren, L., & Pfoser, L. (2013). FAID2009: proficiency test and workshop. AFTE Journal, 45(2).



Quote Part 1: “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.”




Quote Part 2: “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)).”

AFTE Treatment (Common) Suggestion from Authors (Statisticians)



"

Full quote:

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!”

100{ Y%

Pauw-Vugts
et al. (2013)

-l
(4]

That’s a really
big gap!

% of Known Matches
"] [#]]
C.q o

0 25 50 75 100
% of Known Nonmatches



Credit: https://craftbits.com/project/diy-collage-of-pages-bookcase/



Validation Nuances

e Attempt to assign weight to an opinion in a particular case

Efficacy expected to vary across case types
* E.g., expect mostly IDs and Exclusions when comparing two exemplars, expect mostly inconclusives for very
low-quality questioned impressions
Some factors describing case type may allow us to predict changes in examiner performance
* What are these factors? What are their effects?

Available data is not ideal
* Fewer tests than we’d like (cost-benefit analysis)

* Few, if any, tests match circumstances of current case (e.g., different quality sample(s), different lab or expert,
awareness of being tested, etc.)

e Departures from ideal statistical sampling approaches: volunteer participants, convenience sample materials,
not all tests are answered

* Important details that changes or adds uncertainty to the meaning of the data

Despite limitations, available data can be (are) informative
e E.g., demonstrate that some experts perform well in some scenarios (i.e., not coin-tossers)
* How informative will depend on subjective reactions to limitations

How to reasonably summarize or present available validation information?



Key Points

e Validation testing remains the primary means by which society can understand
the effigacy of forensic science methods (more so than many other areas of
science

* Forensic science relies more on general population (e.g., fact finders) to carry out
its mission than do other scientific applications

 Don’t take 12 random people to approve space shuttle launch or decide whether open heart
surgery will be performed

 We need to improve how we communicate about validation
 “Error rates” and “validated” oversimplify in potentially misleading ways

e Looking forward to hearing your thoughts and perspectives on these, and other,
important CFF topics!



It’s not you, it’'s me

Communicating Results
In Forensic Reports and Testimony

Julie Burrill, PhD
Alan Alda Center for Communicating Science
Leverhulme Research Centre for Forensic Science

NIST Workshop: Communicating Forensic Findings
June 25t 2024




TLDR:

Science You need to set your Let’s train scientists in
communication audience up for success. the actual skills
research explains required to do that.

WHY this work is

so hard.



Why does this matter?
1) Relating to or denoting the

application of scientific methods
and techniques to investigation

of crime.

2) Relating to courts of law.

Mid 17th c. from Latin forensic “in open court, public,” from forum

Forensics exists to be commmunicated.



Now is our chance to get it right!

“...amidst the furor over the
most “correct” or “accurate”
way to present evidence, the
perspective of the fact-finder
Is often lost. Without
comprehension, correctness

iISs moot.”

Eldridge, 2019, FSI: Synergy, Vol. 1, p 24-34.
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Challenges
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Norms of Scientific Writing
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Following this PCR procedure, 1ul of fluorescently-

tagged, amplified DNA product was added into the

prepared CE mixture tube. }




—

Following this PCR procedure, 1ul of fluorescently-

tagged, amplified DNA product was added into the

prepared CE mixture tube. }




—

Following this PCR procedure, 1ul of fluorescently-

m—e

tagged, amplified DNA product was added into the

prepared CE mixture tube. i




—

Following this PCR procedure, 1ul of fluorescently-

m—e

tagged, amplified DNA product was added into the

prepared CE mixture tube. a




—

Following this PCR procedure, 1ul of fluorescently-

m—e

tagged, amplified DNA product was added into the

prepared CE mixture tube. a




Communication as a 2-way process

E-E-IE

&

FEEDBACK




Research-driven Communication Theories

~—

Framing Theory

Primacy, Recency,

I }HT Repetition Biases
vs M

Affect heuristic for risk assessment

Q‘;'Q

LA

Narrative validity




Ordering Information

SCIENTIFIC HUMAN
NORM COGNITION
Background Bottom Line
Supportmg So, What?
Details
Results & Supporting

] Details
Conclusions




Use the world of Science Communication research!

Frame of Reference/
Analogy shifting

Active listening -
Adaptability

=% N\ I |
Constructive Empathy 'i G . o - i

A B ﬂ‘} 4
Building a narrative X v
Language Recognition P




Now is our chance to IMRPOVe FS communication!

Rutgers Medical Researchers

N\




Use the world of Science Communication research!

Frame of Reference/
Analogy shifting

Active listening -
Adaptability

=% N\ I |
Constructive Empathy 'i G . o - i

A B ﬂ‘} 4
Building a narrative X v
Language Recognition P




Thank You!

Alan Alda Center for Communicating Science
Leverhulme Centre for Forensic Science Research

julie.burrill@stonybrook.edu
julie.burrill@gmail.com
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Core Competencies

o Frame of Reference/Analogy shifting

e Active listening > Adaptability

e Constructive Empathy

e Building a narrative {é}@

e Language Recognition



NORMS OF SCIENCE WRITING

- When the action itself is more important than
who performed the action, i.e. in methodology sections, the
experimental process is the subject of the sentence.

. Transitional Words v. Topic Sentence - continually putting steps

and inferences in context, indirectly justifying choices by putting
basis in dependent clauses.

Compound Nouns and Adjective Chains - combining nouns
and adjective chains or multiple nouns to create lengthy multi-
part nouns with greater precision and accuracy.



Police officer Decision points in CJ process

Prosecutor

Charging/

BAC Arraighment P+D attorneys, Defendant
breath Plea
test Personal negotiations P+D attorneys
TET-RVER Pre-trial
PWIb EyelD vs. co.nferer\f:es/ Judge
disposition .
clean FP Prelim or
link DNA Admissibility
mixture hearings
report

Toxicology Judge
screen

LR opinion Sentencing
testimony

PSR risk
assessment



Some people agree!

STRENGTHENING

FORENSIC
SCIENCE

IN THE UNITED STATES

A PATH FORWARD

Communication as
a “core element”in
cross-disciplinary
continuing forensic
education training

Communication as
“required component
of forensic Training-
to- Competency
programs

»

Lack of standard
language for
testimony
identified as a
significant
problem

Testimony

monitoring and
review adopted
as corrective
measure.



Good communication is becoming even more important.

@ Foremsaﬂechmfogg
CENTER OF EXCELLENCE f 4

RapidHIT ID System

What FSSP Leaders Should Know About Artificial Intelligence
and its Application to Forensic Science

S, Cellebrite

| I SCIENCE. 2 g Cybergenetics
@) MoBILedit

Evaluative/LR opinions in more disciplines.

Software and Al analytical bases for interpretations.



The Courtroom is a terrible model for communication!

Testimony is the Evidence.

Forensic Science findings
acquire meaning in context.




FORENSIC REPORT

Forensic Reports and Expert Testimony



You keep using that word...| do not think it

means what you think it means:
Challenges in Communication Comprehension

Dr. Heidi Eldridge
George Washington University
June 25, 2024



Roadmap

* What do factfinders hear?

* How do they hear it?

* Are they even listening?

ny can’t we just speak in plain English?

nat about when others misrepresent our words?
nere do we go from here?




What do factfinders hear?

“Our words matter. Language is a
powerful weapon. It can be used to
inform, but it can also be used to
persuade or mislead. We must
remember that many of the
phrases we use as scientists are da
kind of shorthand for larger
concepts that other scientists
understand. But juries do not have
that level of understanding. Juries

accept them at face value.

“I am 100% certain of my conclusion.”
(But should the jury be certain?)

AE OUT OF MIND,
enitsls b lcshﬁcl:l

L-.I'IJ.I.I'I Her:
ML Argurnem
'y eattalnly
tific stance,
wer LMD cer-
tain, The cornerstone of scientific
exploration is the formation of & con-

Written by Heidi Eldridge

FRICHION
“RIDGE.

responsibility: Clarity,

a proven F.u.: that every fingerprin is
differe

X Iy, when we say, “1Tam 100%
certadin of my conclusion,” we might
mean that we have condocted o
careful examination, reached the best
conclusion pass with the data
avinlable, wnd that we would not hove
reported that conclusion unless we

onfident that )

work well, But what de
hear? They hear, “1
I"'m tellin 1
fact ynd ¢ p

But the 'lru[h lli ;
SOMETIMES We &re WIong. And what
we are taunp for the jury is nod il-u.L

To be ¢lear, r|1|.
v

1.:|l|.n|_e :md Jus t |:|i.1.m m
R;mu. mer your audience: "J'I'u. jury

Evidence Technology Magazine, March-April 2012




What do factfinders hear?

Table 1

The articulation language used to convey “yes,”, “no,” and “I don’t know™ for
various forensic disciplines. This list is not meant to be exhaustive but rather to
demonstrate the potential variation of terms between and within forensic
disciplines.

Farensic Science Intermational; Synergy 4 (2023] 100196

‘Contents liss avallable at Scicncelieet

Forensic Science International: Synergy Results and articulation language

ELSEVIER

joumnal homepage: werw. ndisnoedi rect comdoumalforensic-agiance-intamational-synargy

Discipline

Yes

No

[ don't know

Describing communication during a forensic investigation using the
Pebbles on a Scale metaphor

Laura Carlson ™ , Jarrah Kennedy ', Kimberly A. Zeller ", Thomas Busey

* Uversity of Nowre Dame, The Groduste Schood, 1100 Bond Haill, Noire Dome, 1N, 84555, LEA

¥ Kanami Chty Pofice Crime Leburatory, 3545 renkin Avenwe, Earms City, MO, 54137, 1354

* Housien Forensic Schmce Center, S00 Jefferron Sreer, 13° Floor, Hossion, TX, 77002, USA

* fraliamu Eitveraity, Pepehelngical amil Beady Scienen, TI01 E 307 Strver, Blonmsngron, [, 47405, 054

ARTICLEIKFO

Keywards:
Forenshc mtience
Construsicarion
Cognitive paychulogy
Beporiing rrsules

ABSTRACT

Marimg the imeestigation of & crime, evidence & collected, omalyred, interpreted, and disoussed by varions
stakeholders. This article exanzines the commuinication thal may ocour between two of these slakeholders de-
tectives and forensie anadysts, and how their interaction influences the interpretation of evidence as the inves-
ligntion procesds and the thisory of the cise evolves. Such commumication can be undersiood &2 sete of actions
that are inter-dependent: for example, & request for a specific analysls by o detective londs o analyses and
conclasions thad the analyst shares with the detective, which leads 1o an assessment of these conclusians relative
1o the theaey of the case, which leads o farther amalysis requests, and so forth, We present the Pebbles on a Seale
metaphior, which deserihes how communicasion and the understanding of evidence takes place between the
detective and analysts, and the different ways in wiich they consider the information &3 a fundion of e noles
in thee investigation. Using a bypothetical case for illnstration, we discuss commundcative chalbenges, the owolving
theary of the case, the language that 5 wed by analysts 1o discuss “yes”, “ne™ and “1 don’t keow" conclisions,
and how those conclisinns ane used by detectives during the progression of the myvestigation.

Seized drugs

DNA analysis
(multiple rows =
variation across
laboratories)

Firearms

Latent print
(multiple rows =
variation across
laboratories)

Bloodstain pattern
analysis/pattern
classification

Fire investigation
(ignition and
source)

Present,
confirmation, or
determined to
contain
Included
Included

Cannot be excluded
Identified

Identified
Associated

Yes (could be)

Included

Mot present or
does not
contain

Excluded
Cannot be
included
Excluded
Eliminated
Excluded
Excluded

No
(eliminated)

Excluded

Inconclusive

Inconclusive or
uninformative

Inconclusive
Inconclusive

Undetermined

Undetermined




What do factfinders hear?

EXPERT FINGERPRINT EXAMINATION

A Primer an Error Rotes

CONTROLLEP STURIES

= CONTEQLLED W THE SENSE THAT THE
TEUE STATUS OF THE COMPARISONS
WERE ENOUWN INVOLVING FPALM MARKS =
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HAS TO MLLOW FOR A
FALSE FALSE
POSITVE NEGATIVE
RATE s RATE

Ol THE QeDER OF N THE ORDER QF

THE SPECIFICITY
OF THE MARK
ITS LEVEL OF
COMPLEXITY
A0 MY PERSONAL EXFERTISE
W TERMS OF EDUCATION, TRANIG,

AND PAST PERFORMANCE UWDER
CONTROLLED CONTHTIONS
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https://zenodo.org/records/3734560
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How do they hear it?

*REPORTS *TESTIMONY
* Written * Oral
* Frequently used for decisions * Occasionally used for decisions
* Freer format, but what is read? e Constrained format
* Limited to no research * Much research but few

solutions



Are they even listening?

*Central Processing *Peripheral Processing
*Engaged *Bored / zoned out
*Focus on appropriate cues *Focus on inappropriate cues
*Data * Appearance
*Explanations e Likability
*Experience * Background

Not only must we be understandable, we must be engaging!




Why can’t we just speak in plain English?

* Scientists value precision
* Clarity is hard




What about when others misrepresent our words?

* Interpretation Scales

* 3-scale vs 5-scale —
* “| can’t say it’s him” (wink wink, CRIMINALISTICS

. d ge ke d ge) :";”,Li ;T::mrl ?;n J;m regor D. Vogelsang ." B.S.; John Vanderkolk,” BA.; and
. PUSh | ne the < nveIOpe with ID The Utility of Expanded Conclusion Scales

During Latent Print Examinations

* Giving no useful information
e Subjectivity

* Fully continuous scale

e So...what’s the effect?

part for differens
vl kead £ ma

KEYWORDS: decision making., expar




What about when others misrepresent our words?

Exclusion

Supports Different Sources

Strong
Support
For
Different
Sources

Exclusion

Supports Different Sources

Exclusion

3-Conclusion Scale

Strength of Evidence
Support
For
Different
Sources

5-Conclusion Scale

ldentitication
Supparis Same Source

Support Strong

Fur Suppuort

Commuon For

Commuon
Source

Source

3-Conclusion Scale

strength of Evidence

Support | Support
Fiir For
Different

Sources

Commaon
Source

5-Conclusion Scale

Identification

Supports Sime Source

Identification

Supporty Different Sources

3-Conclusion Scale

Exclusion [dentification

Strength of Evidence Supparts Sime Soaree

Exclusion Supypmrt Support Identification
For For
Different

SHUMITCRS

L mimn
Source

S-Conclusion Scale

IDs of mated pairs 0.377 — 0.266
Inc overall 0.569 — 0.351

17 ’erroneous SSS’ but...

97 correct SSS

‘W]e view it as important that consumers of
investigative leads understand that these are
not firm conclusions”




What about when others misrepresent our words?

* Closing arguments

e Re-stating of our testimony
* Plea bargaining from reports
* Even judges on occasion...




e “Following a day of legal argument
| reserved judgment. During
reserve, | became aware of further
materials...”

e “Im]ost of the well-known errors
have occurred in cases involving a
single, distorted impression.”

--Eldridge, 2011

* Judge Funt acquitted because
“While the usable portion of the
latent fingerprint and the known
fingerprint are quite similar, | have
more than a reasonable doubt that
there is a match [...]”




Where do we go from here?

* Focus on development of

Forensic Science International: Synergy 1 {2019) 24-34

understandable language T B SSSSSS
° Cog N |t ive psyC h o) | Og | Ssts— LI N g u | st | CS Forensic Science International: Synergy

* Focus on development of ways to
qU|Ck|y and effeCt|VE|y Communlcate Juror comprehension of forensic expert testimony: A literature review )
complex concepts i

Heidi Eldridge

joeurnal homepage: https://www.journals.elsevier.com/
forensic-science-international-synergy/

Cheek o
updates

[ ) C O g n it iVe p SyC h O I O g i St S —3 Le a r‘ n i n g RTI International, 3040 E. Cornwallis Rd,, Research Triangle Park, NC, 27709, USA

* Focus on development of effective
p Article history: Forensic scientists and commentators including academics and statisticians have been embroiled in a
. o Received 19 October 2018 debate over the best way to present evidence in the courtroom. Various forms of evidence presentation,
V I S u a I a I d S 1""[::;"’:2";113‘”55‘1 fgem both quantitative and qualitative, have been championed, yet amidst the furor over the most “correct” of
Tl 2

“accurate” way to present evidence, the perspective of the fact-finder is often lost. Without compre-
hension, correctness is moot. Unbeknownst to many forensic practitioners, there is a large, though
incomplete, body of literature from the cognitive psychology domain that explores the question of what

o 1 1 1 1 Keywords: - jurors understand when forensic scientists testify. This body of work has begun to test different proposed
a n a r I Z a I O n O I n e r p re a I O n Expert te;timcmy methods of testimony in an effort to understand which are most effective at communicating the strength

Accepted 4 March 2019
Available online 9 March 2019

Juror comprehension of evidence that is intended by the expert. This article is a review of that literature that is intended for the
Verbal scale forensic scientist community. Its aim is to educate that community on the findings of completed studies
S C a e S Likelihood ratio and to identify suggestions for further research that will inform changes in testimony delivery and

Strength of evidence ensure that any modifications can be implemented with confidence in their effectiveness.
Cognitive psychology © 2019 The Author. Published by Elsevier B.V. This is an open access arti the CC BY-NC-ND
license (hitp://creativecommo i fby-nc-nd/4.0f).

e Research into efficacy of all above
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Verbal label i ' Likelihood ratio

“..there is strong support for the “..the observed evidence is 1000
proposition that Suspect X’s left shoe times more likely if Suspect X’s left
made the impression...” shoe made the impression...”

Bali, Martire, & Edmond, 2021; Martire, 2018; Martire & Edmond, 2020; National Research Council, 2009; Thompson, Grady, Lai, & Stern, 2018;
Icons created by Priyanka, Annamarie Kosto, Toli for Noun Project



CONSISTENCY
To give equal weight to evidence of equal strength

“1in 1 million” Vs “0.0001%”

O

Bali et al., 2021

Lindsey, Hertwig & Gigerenzer, 2003
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ABILITY
To be able to infer new information from the evidence

DNA
profile
incidence

rate =
.001

Bali et al., 2021

Koehler, 2001
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Martire & Edmond, 2020



SENSITIVITY
To give more/less weight to evidence of greater/lesser strength

“5.5 times more likely” Vs “5500 times more likely”

O

Bali et al., 2021

Martire, Kemp, Sayle & Newell, 2014
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ORTHODOXY
To update beliefs in line with (Bayesian) normative expectations

P(H|E) = P(H) x P(E|H)
P(E)

Bayes Theorem

Bali et al.,, 2021
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COHERENCE

i

Thompson & Newman, 2015

To treat evidence in a logical and rational manner

h[_

Bali et al.,, 2021
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Consistency Ability Sensitivity Orthodoxy Coherence
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s this what successful communication of scientific findings looks like?

B -




Frequency

No. of Behaviours
(out of 5)

Bali et al., 2021, Bali Thesis
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Evidence of training, study or certification directly relevant to the opinion

Summersby, Edmond, Kemp, Ballantyne & Martire, 2024; Icons by Saeful Muslim, dDara, Nithinan Tatah, Victoruler, Gregor Cresnar, Eucalyp, mikicon for Noun Project



Proven track record of completing competent analyses and accurate opinions

Summersby, Edmond, Kemp, Ballantyne & Martire, 2024; Icons by Saeful Muslim, dDara, Nithinan Tatah, Victoruler, Gregor Cresnar, Eucalyp, mikicon for Noun Project



What analyses were completed and in what way

Summersby, Edmond, Kemp, Ballantyne & Martire, 2024; Icons by Saeful Muslim, dDara, Nithinan Tatah, Victoruler, Gregor Cresnar, Eucalyp, mikicon for Noun Project
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What did/does the practitioner assume to be true when forming their opinion

Summersby, Edmond, Kemp, Ballantyne & Martire, 2024; Icons by Saeful Muslim, dDara, Nithinan Tatah, Victoruler, Gregor Cresnar, Eucalyp, mikicon for Noun Project
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Validity

Evidence of the accuracy and reliability of the methods and procedures used

Summersby, Edmond, Kemp, Ballantyne & Martire, 2024; Icons by Saeful Muslim, dDara, Nithinan Tatah, Victoruler, Gregor Cresnar, Eucalyp, mikicon for Noun Project




Validity Human Factors

Information about who knew what when and how any potential for bias was managed

Summersby, Edmond, Kemp, Ballantyne & Martire, 2024; Icons by Saeful Muslim, dDara, Nithinan Tatah, Victoruler, Gregor Cresnar, Eucalyp, mikicon for Noun Project
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Qualifications Proficiency Procedure Assumptions

Validity Human Factors Limitations

Disclosures about evidence quality, contamination, non-conformities, peer disagreement etc.

Summersby, Edmond, Kemp, Ballantyne & Martire, 2024; Icons by Saeful Muslim, dDara, Nithinan Tatah, Victoruler, Gregor Cresnar, Eucalyp, mikicon for Noun Project
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Validity Human Factors Limitations Conflict

Information about significant controversy's or disagreements relevant to the opinions provided

Summersby, Edmond, Kemp, Ballantyne & Martire, 2024; Icons by Saeful Muslim, dDara, Nithinan Tatah, Victoruler, Gregor Cresnar, Eucalyp, mikicon for Noun Project



: Qg ] ]

Qualifications Proficiency Procedure Assumptions
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Validity Human Factors Limitations Conflict

Summersby, Edmond, Kemp, Ballantyne & Martire, 2024; Icons by Saeful Muslim, dDara, Nithinan Tatah, Victoruler, Gregor Cresnar, Eucalyp, mikicon for Noun Project
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we cannot glve an accurate estlmate Of error rates.”

Edmond et al., 2017; PCAST, 2016



Summersby et al in prep; Icons by mikicon, yoyon Pujiyono, Luis Prado, prakruti, icon 54, eucalypt, Creative Stall for Noun Project
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Communicating Forensic Findings Workshop:
Current Practices and Future Directions

Session 2: Communicating Results
In Forensic Reports and Testimony

Clinton Hughes — Brooklyn Defender Services



Question 1 - Fantasy Island

If we took all your advice and suggestions today
on how to communicate results effectively — what

would that look like tomorrow Iin lab reports or in
court testimony??



Question 4 — Culture Club

Can you discuss more of the cultural divide between
scientists and their use of language vs. what those
reading the reports or hearing the testimony
want/need? (scientific language and precision vs
layman’s terminology)



Fantasy Island — Example

Assumption — the greatest danger of assigning
false support for a non-contributor in Forensic DNA
Mixture Analysis occurs when relative(s) of the

person mixture are contributors to a crime scene
sample.



. . B
Forensic DNA Interpretation % &L
and Human Factors: ‘\

Improving Practice
Through a Systems Approach

Report of the Expert Working Group
on Human Factors in Forensic DNA
Interpretation

NISTIR 8503

“Likelihood Ratio (LR): A
measure of the relative
strength of support that
particular findings give to

i one proposition against a

\¥ stated alternative. . . (xix)



: _ R
Forensic DNA Interpretation 1" \
and Human Factors: ‘\ |

Improving Practice
Through a Systems Approach

Report of the Expert Working Group
on Human Factors in Forensic DNA
Interpretation

This publication is available free of charge from: https://doi.org/10.6028/NIST.|R.850

NISTIR 8503

“We define error as the
fallure of a system to
achieve its intended goal or
outcome.” (16)

“Outcome Error: An error in
the final opinion or result.”
(X1X)
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- So your testimony is that the only false pesitives with
STRmix come from misidentifying the number of contributors.

A, In addition teo limit artefacts. Meaning when we're
Aoing &dits and removing artefacts, we didn't remove the
artefacts. Ang multiple artefacts are actually aligning with
alleles with that person of interest that we are comparing with

the mixture. That may lead to falze positives.
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2.

allele sharing between true contributors and noncontributors,

correct?

A.

Q.

between true contributors and noncontributors,

AL

False inclusion of wvalues can also occur because of

Not necessarily.

That's not my guestion,

False inclusions can occur because allele sharing

The answer 1s no.

right?

correct?



Workshop Description — Day 1

"From the presentations and
discussions, we are looking to
examine . . . any knowledge gaps that

may impact an end user's
understanding of the findings.”
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AACS ANINI |/ CCIENTIEIC MEETINIC
AAFS ANNUAL SCIENTIFIC MEETING




CRIMINALISTICS

The False Inclusion of Non-Contributors in DNA Mixtures Cases
Marie Semaan, MS5*; Sarah Abbas, M5; Issam Mansour, PhD
(FSF Emerging Forensic Scientist Award Oral Presentation)




AUST - American University of Science and Technology
Is with Marie S. Semaan and Sarah Abbas.
September 18, 2017 - &

AN

The American University of Science and Technology attended the 21st
triennial meeting of the International Association of Forensic Sciences
|IAFS 2017 that was held in Toronto, Canada; on August 21-25 2017.
Two graduate students from the Faculty of Health Sciences, Ms. Marie
Semaan and Mrs. Sarah Abbas, presented part of the research work
conducted at AUST in the field of Forensic Science (DNA Analysis),
under the supervision of Dr. Issam Mansour.

Ms. Semaan presented her Master's research in an oral presentation
entitled "DNA Mixture Analysis in inbred Lebanese communities.
Assessment of expert DNA mixture software”. Whereas, Mrs. Abbas'
communication entitled “Inbreeding effect on forensic investigations
involving DNA mixtures: The Lebanese population case” was presented
as part of her PhD research work conducted in collaboration with the
University of Lausanne - Switzerland.

Forensic Science experts, professional organizations and delegates
from around the world were available in this meeting to share
information, new practices and advancements in the field.

Among the audience were Professor Frederick Bieber, Professor Pierre
Margot, Dr. Michael Pollanen, world leaders in the field of Forensic
Science and decision makers in forensic investigative strategies.

The meeting served as a unique opportunity for the AUST community
to reassure their pivotal role in the advancement of forensic sciences
in the Middle-East and North Africa region, introduce themselves to
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A mixed DNA profile controversy revisited
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Py P, Eﬁ Py
LRiu.-fuu
STRmix™ (GlobalFiler 21 loci)
1:1 0 0 1.65x10" 0
3:1 0 0 6.40x10% 0
LRJMU
STRmix™ (GlobalFiler 21 loci)
1:1 0 0 143x10*® 0
LRz,;s;a_u
31 0 0 153x10% 0

LR34 6.

2.86 Quintillion
(2.86E+18)

P, Py

0  2.84x10%

0 1.07x<10%

0 243x107
LRS.&;B.U

0  2.33x10%¥
LRE.&;S.U

2.86x10%®



PAPER

Criminalistics

A mixed DNA profile controversy revisited

Tim Kalafut PhD! | Simone Pugh MS? | Peter Gill PhD®* | Sarah Abbas MSc>® |
Marie Semaan MSc®> | Issam Mansour PhD® | James Curran PhD’ | Jo-Anne Bright PhD® |
Tacha Hicks PhD?!° | Richard Wivell BSc (hons)® | John Buckleton DSc”®

TABLE 6 Unconditioned LRs for Experiment 4 (4:1 low-level mixture) using STRmix™ and data from El Andari et al. (6) and @ = 0.01

i P, P, Bs P, P, P, P,

LR 1.46 x 10 9.14 x 10" 5.86 x 10%° 1.58 x 101 7.40 x 10° 4.61 x 101 1.80 x 10%° 4.07 x 10*2

TR

Note: All eight references give values that support the first proposition compared to the alternative when no conditioning profiles are used.

4.07 Trillion
(2.86E+12)
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“Most software deal with dyadic relationships, thatis
relationships between two individuals. . .”
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“Neither STRmix™ nor LRmix deal with triadic
situations or higher, although DBLR™ does [22].”
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“Neither LRmix nor any other software or interpretation
method can claim that the rate of false supportis zero.”
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“. . .there will always be uncertainty about the source of
the DNA, as we cannot know who left the DNA trace.”
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“...this explains why DNA (or any evidence) should
not be solely relied upon to reach a conclusion, but
Instead must be considered in combination with the
other elements of the case.”
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“Empirical work has previously been reported
assessing the risk of false support to a non-donor who
Is related to the true donor(s) (see for example [4]).”
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Criminalistics

A mixed DNA profile controversy revisited
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“Empirical work has previously been reported assessing the risk of false support to a non-donor
who is related to the true donor(s) (see for example [4]).”

Colorado-Bureau-Investigation-2018-STRmix-Validation_
Summary.pdf. 2018.
https://indefenseof.us/uploads/ColoradoBureau-Investigation-
2018-STRmix-Validation_Summary.pdf. Accessed 30 Jul 2021.


https://indefenseof.us/uploads/ColoradoBureau-Investigation

DNA Mixture Interpretation:
A NIST Scientific Foundation Review

John M. Butler
Hari Iyer

Rich Press
Melissa K. Taylor
Peter M. Vallone

Sheila Willis*
*Infernational Associate under comtract; retired directar of Ferensic Science Ineland

“An important missing
element from many
validation studies is the
degree of allele sharing that
has been tested.” (86)



“If validation studies are
conducted using mixtures
that do not explore the
DNA Mixture Interpretation: ey
A NIST Scientific Foundation Review CompleX|ty |nduced by a”ele
_ sharing, the user may

wee  INAAVertently extrapolate

Melissa K. Taylor
Peter M. Vallone

e 222305 Validation results and
apply methods beyond the
limits of the validation
studies conducted.” (89)



Investigation into the effect of mixtures comprising related people on
non-donor likelihood ratios, and potential practises to mitigate providing
misleading opinions

b,e, *

Tim Kalafut®, Jo-Anne Bright b, Duncan Taylor © ", John Buckleton

“The analysis of the in vitro and in silico
mixtures assuming NoC = 3 with no use of
a conditioning profile or with the use of a
¥ conditioning profile but without informed

| [ |priors on the mixture proportions (Mx

~| priors) was ineffective.”




Workshop Description — Day 1

"From the presentations and
discussions, we are looking to
examine . . . any knowledge gaps that

may impact an end user's
understanding of the findings.”



Thank you -
Dr. Sandra Koch,
Donna Ramkissoon,
and all the other folks at NIST!
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JARRAH R. KENNEDY

ASST. DNA SUPERVISOR, KANSAS CITY POLICE CRIME
LABORATORY

CHAIR — HUMAN FORENSIC BIOLOGY SUBCOMMITTEE (OSAQC)

*Disclaimer- most, if not all, of the content of this presentation are my own opinions!
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<\\§ CFF — BIOLOGY POINTS TO COVER:&

|) HIERARCHY OF PROPOSITIONS: what is the issue and can we help!?
2) COMMUNICATING BIOLOGICAL RESULTS IN THE US

* Serology /biological screening (is it blood? semen?)

* DNA results/comparisons (is POl a contributor or not?)

* Numbers? Words!? Both!?

3) STRATEGIES FOR COMMUNICATION




TYPICAL QUESTIONS THAT FORENSIC BIOLOGY
MAY BE ABLE TO HELP WITH

|) What is the nature of this material?
* Blood?
* Semen!?
* Saliva?

e Limited: feces/urine

2) Is there detectable DNA on an item!?

3) Is the POI contributing DNA to the item or not?




HIERARCHY OF PROPOSITIONS (LATE 90s)

LEVEL QUESTION/ISSUE RESULTS EXAMPLE PROPOSITIONS

Offense Is the POI the offender? POI sexually assaulted Ms. A
* POl had nothing to do with the assault
of Ms. A
Activity Did the POI perform the * Presence/absence of DNA + POl digitally penetrated the vagina of Ms.
activity? * Quantity/quality of DNA A
* DNA profile comparison * POl and Ms. A only had social
(does not always have to interactions

be uncontested)
* Presumptive tests
* Multiple traces

Source Is the POI the source of the * DNA profiling comparison ¢ The blood came from POI
biological material (such as ¢ Obvious nature of the * The blood came from some other man
blood or semen)? material (large bloodstains,
* millions sperm heads,
bone)

Citation: Cook et al. A hierarchy of propositions: deciding which levelto address in casework. Science & Justice _




HIERARCHY OF PROPOSITIONS — EXPANDED “SOURCE”

LEVEL QUESTION/ISSUE RESULTS EXAMPLE PROPOSITIONS

Source Is the POI the source of the POl is source of the bloodstain
biological material (such as * An unknown, unrelated person is the
blood, semen)? source of the bloodstain

Sub-Source Is the POI the source of the . . * POl is source of the DNA
DNA? * DNA profile comparison ,  a, unknown, unrelated person is the

source of the DNA

Sub-sub-source Is the POI the source of a * POl is the major contributor of the
component of the DNA? DNA mixture

* An unknown, unrelated person is the
major contributor of the DNA mixture

Why! — Increased sensitivity of DNA kits (+ more loci, highly discriminating)
No longer just testing sources where biological source is obvious — we are

assessing DNA TRACES

Citation: Hicks, T.; Buckleton, J.; Castella,/\V.; Ev;zj‘t I.; Jackson, G. A Logical Framework for Forens:c DNA lnterpretc?tlon Genes 2ﬂ22 13, 957.
https.//doi.org/10.3390/genes13060957 :‘/;' . ) / , A p] ' >
> ; e e



FORMULATING PROPOSITIONS (typically sub-source)

* Task-relevant case information (framework of circumstances)

* Where is the sample from?
* Are there any sources of expected DNA (intimate, prevalence of owner/user DNA)
* Are there potential relatives that could have expected DNA
* Can they be typed? Conditioning can help....
* |s a relative of the POI an alleged alternative POI?!

* Wil we know this information?

* |deally this is done prior to assessing evidence to avoid findings-led propositions




CURRENT STATE OF COMMUNICATING
BIOLOGICAL SCREENING RESULTS IN THE US

Tests that give information about the nature of the material (blood? semen?)

Some tests call themselves ‘confirmatory’ — but this is a misnomer

These tests are variably reported such as positive, weak positive, negative

Sometimes as “identification” of the tested biological material - appears as “facts”

* Instead of communicating the value of the findings (by say, considering false

positives or negatives, appearance of the stain, etc)

The factfinder is often left to correlate these findings with the DNA results




CURRENT STATE OF COMMUNICATING The focus of a LR is on the
DNA RESULTS IN THE US: results (NOT on the
PGS/LRs propositions!)

* Software assisted method to discern DNA profiles and provide value to the comparison

* Two primary software used in the US* that help separate DNA mixtures
» STRmix™ being used by more than 80 organizations in the US (as of 1/11/2024)'

e TrueAllele® - 10 user labs?

* Software help discern profiles (mixtures) and also assign Likelihood Ratio values for

DNA comparisons

* Differ on user inputs (NOC, thresholds) and some modelling (0

e Differ on how an LR is communicated

\_/
*Approximately 400 publicly funded Iaboratories https://bjs.ojp. ov/fundin/award«sﬁIS b's-23-k-008 6-bjsb - estimated ~220 U.S. DNA labs https://le.fbi.gov/science-and-lab/biometrics-and-

fingerprints/codis/codis-ndis-statistics B

|: https://www.strmix. com/news/strmlx thas-produced-dna-evidence-in-more- than 530000-criminal-cases-worldwide/
2: Defeating opposition experts: winning with science (cybgen.com oy | e |



https://bjs.ojp.gov/funding/awards/15pbjs-23-gk-00836-bjsb
https://le.fbi.gov/science-and-lab/biometrics-and-fingerprints/codis/codis-ndis-statistics
https://le.fbi.gov/science-and-lab/biometrics-and-fingerprints/codis/codis-ndis-statistics
https://nichevision.com/strmix/
https://www.strmix.com/news/strmix-has-produced-dna-evidence-in-more-than-530000-criminal-cases-worldwide/
https://www.cybgen.com/information/presentations/2024/MAAFS/Bracamontes-Allan-Perlin-Defeating-opposition-experts-winning-with-science/page.shtml

CURRENT STATE OF COMMUNICATING DNA
RESULTS IN THE US: MANUAL METHODS

* Use of terms to convey the similarity between profiles from evidence and people
|. Similar? “match” “included” “cannot be excluded”
2. Not sure? “inconclusive”
3. Not similar? “excluded” “cannot be included”

* Use of statistics is typically provided if “similarity” observed. Only expresses the rarity
of the unknown evidentiary profile is (CPI/RMP etc)

* Sometimes conclusions about “source” were/are drawn within a ‘ceasonable
degree of scientific certainty.’




COMMUNICATING THE VALUE OF DNA COMPARISONS
TO THE END-USERS / FACTFINDER...

* Complex scientific topics can be challenging to convey - lots of jargon and can be difficult to describe
our process and testing in a way that is easily digestible in a short period of time
* Numbers are hard
 Any statistical concept is going to be difficult to communicate to lay persons
* This misunderstanding did not improve with the transition to likelihood ratio framework
¢ Common fallacies associated with expressing evidence value numerically
* By the speaker and the end-user

* Attaching a probability to a proposition (whether RMP/LRs)

* Source attributions (rarity does not equal unique)




COMMUNICATING LRs TO THE END-USERS /
FACTFINDER... TACKLING NUMERACY ISSUES #1:
CLEARLY STATE THE LIMITATIONS!!!

|. Difficult to attribute a profile (or portion) to a biological material (‘cellular source’)

2. DNA profile comparisons only Aelp to address WHOSE DNA may or may not be
detected.

* No conclusions about “identity” or “source attribution” can be supported by an
evaluation or the magnitude of the LR

* DNA comparison results should be viewed as one part of the puzzle

3. ltis crucial that it is understood that a LR assigned for a DNA comparison
cannot be carried up to a question about an activity.

* Actions? Timing?! Motives!?

* The value of the evidence given sub-source level propositions has ho meaning in that
context (recall the hierarchy).




HUMAN FACTORS REPORT: TESTIMONY CHAPTER

Recommendation 6.2: When explaining the nature of DNA analysis during
testimony, the DNA expert should address common misconceptions and
state the limitations of the analysis. At a minimum, the DNA expert should
address the following main points:

* The DNA results are only part of the overall case.

* Errors can occur in any human process, including DNA analysis.

* The evaluation of the DNA comparison cannot conclusively identify

an individual as the source of the DNA.

* DNA analysts cannot provide any information on how or when DNA
was deposited in a particular case, based on a report considering only

the source of the DNA.

Expert Working Group on Human Factors in Forensic DNA Interpretation (2024). Forensm; DNA Interpretation and Human Factors:
Improving Practice Thra ugh a Systems Approaf . National- Inst}tut of S}andards and Technolcgy, Galthersburg,MD NIST IR 8503.

https://doi.org/10. 6Qr/N}ST IR.8503 /



COMMUNICATING TO THE END-USERS /
FACTFINDER... TACKLING NUMERACY ISSUES #2:
CONSIDER CAPPING THE LR?

* Can a cap to the LR prevent some common misconceptions or cognitive fallacies
associated with extremely large numbers?

* Something smaller than the world's population for communication/comprehension
* Impact of hearing numbers never heard before (octillions?) - will it overshadow other evidence?

* Do we need such large values to adeguately convey the strength of the comparison!?

« No recent studies on larger 20+ locus kits- but the studies done support | billion as cap
(if considering an individual unrelated to the POI)

e There are many different “caps” though ... so it seems to be a matter of preference and policy
as well

* UK, Swiss (I billion); Australia (100 billion); Denmark (I million)




COMMUNICATING TO THE END-USERS /
FACTFINDER... TACKLING NUMERACY ISSUES #3:
USE VERBAL EQUIVALENTS 7?

* There are many scales - which one is merely a matter of choice, convention, or consensus.
WORDS ARE HARD, TOO!! They mean different things to different people.

*No special “DNA” scale - should work across disciplines (LR=1,000 same whether DNA or glass)

*Verbal qualifiers are only applied after the numerical LR value is assigned. These terms should not
stand alone or replace the communication of the LR value.

*Verbal qualifiers should reference both propositions by conveying the support the DNA results

provide for one proposition versus the other.

» Many verbal scales stop at an LR of | million. Once the LR exceeds (or goes below if the results
provide support for H2 vs H1) it becomes difficult to find more words that convey additional

meaning [Extremely very strong support ?2!!!]




COMMUNICATING TO THE END-USERS /
FACTFINDER... TACKLING NUMERACY ISSUES #3:
EXAMPLE VERBAL EQUIVALENTS

Scientific Working Group on DNA Analysis Methods
1 Uninformative (SWGDAM). Recommendations of the SWGDAM Ad Hoc
2—ag Limited Suppart Working Group on Genotyping Results Reported as Likelihood
100 — 9,999 Moderate Support Ratios. 2018.
: o https://www.swedam.org/ files/ugd/4344b0 dd5221694d 14485
10,000 — 959,999 Strong Support 88dcd0937738c9e46.pdf
= 1,000,000 Very Strong Support
Marquis R, Biedermann A, Cadola L, Champod C, Gueissaz L,
> 10,000 This support is qualified as extremely strong. Massonnet G, Mazzella WD, Taroni F, Hicks T. Discussion on
> 1000 — 10,000 This support is qualified as very strong. How to Implement a Verbal Scale in a Forensic Laboratory:
- 100 — 1000 This support is qualified as strong. Benefits, Pitfalls and Suggestions to Avoid Misunderstandings.
=10-100 This support is qualified as moderate. Science & JUStlce' 2016; 56(5):364-70'
doi:10.1016/j.scijus.2016.05.009
=1-10 This support is qualified as weak or limited. =°

The results support neither proposition.

1
This support is qualified as nuill.



https://www.swgdam.org/_files/ugd/4344b0_dd5221694d1448588dcd0937738c9e46.pdf
https://www.swgdam.org/_files/ugd/4344b0_dd5221694d1448588dcd0937738c9e46.pdf

COMMUNICATING TO THE END-USERS /
FACTFINDER... SOLUTIONS?

« EDUCATION: How do we/can we educate our end-users

* This differs on setting:

* Investigators, lawyers

* Our results are being used without us often (plea deals) — are they properly understood?

* Factfinders

* Can we find better methods to convey our results in court

* Starting with the end? (thank you Julie Burrill)

* How we speak matters — but how much? Can we study this in a real setting?

* Jargon, confidence, trust

* Speaking like a real person




THE END




CRITERIA FOR REASONING WHEN THERE IS & Q
UNCERTAINTY ... ==

* Balance: Assessing the evidence in light of clearly defined
competing views.

* Transparency: Clear delineation of the assumptions and data
relied on.

* Robust: Can the reasoning stand up to scrutiny? Is the
evaluation repeatable?

* Logic: Is the reasoning coherent / does it make sense! Are
the inferences based upon the results?




PRINCIPLES OF INTERPRETATION

|. Interpretations take place in a framework of circumstances
2. At least two competing propositions must be considered

3. Analysts must assign the probability of the (results/findings) — NOT of
the alleged fact (e.g., who the source of the DNA is, what activity
happened)

4. The value of the findings is expressed by the ratio of the probability of
the findings given the case information and the propositions considered

(LR)




LIKELIHOOD RATIOS - DNA COMPARISONS STAYING IN

OUR LANE =

TALK ABOUT

How we assess the similarity/differences between a reference and unknown profile
Provides value to the DNA comparison

Balanced and flexible — can evaluate the DNA results given two scenarios

* The scenarios state the sources of DNA (POI vs. unknown)
* May need to consider an individual related to the defendant?

* May need to consider varying propositions if there are multiple defendants?

When communicating the LR — the value of the DNA results must be stated in respect
to the scenarios considered:

* The DNA profile is | million times more likely to be observed if (scenario |) than if (scenario
2).




EXTRA SLIDES — TPPR/ACTIVITY LEVEL
PROPOSITIONS




EVOLUTION OF DNA TECHNOLOGY: SENSITIVITY

* The ability to detect genetic information has evolved significantly since

inception
* Used to be very large visible bloodstains or semen from sexual assaults

* Now — we regularly test firearms, steering wheels, and spent shell casings

because we can detect very small amounts (“trace”) of DNA.

* Naturally, this leads to questions that other trace disciplines have had to

deal with for a long time — with material this small and transient — the

“relevance’ or how or when the DNA got there is more important.




IT’S NOT JUST “TRANSFER”

* Implied in “transfer” is often whether it was “direct” or “indirect”

* These statements imply an action. Is this DNA there because POI touched it — or because they
hung out with a friend (who touched it)?

* Persistence: Expected loss of DNA over time (considerations of timing, nature of material)
* Prevalence: Expected DNA from individuals (your DNA on your own steering wheel)
* Recovery: Methods used to collect and detect DNA profiles (swabs/tape lift, old vs. new kits)

* Background: DNA present from unknown persons for unknown reasons

* Contamination: DNA from POI not from alleged actions but from scene/lab problems




LIMITATION REMINDER

* The DNA comparisons we perform at KCPCL — and their corresponding value — do not

address these transfer questions.

* Once the questions move from “who” to “how or when” — it can be challenging to ensure
that the (large?) LR value doesn’t get carried up.

* If these questions are being asked, typically everyone is agreeing that the DNA is from the P

* Recall hierarchy slide — there are more factors than the DNA profiles to consider:
* Biological screening tests (blood, semen, saliva)
* Quantity/quality of profiles (how much and the contribution of DNA)

* Published or in house data about probability of recovering DNA given specific actions

* All the criteria on previous slide




WHY DON'T WE DO THIS EVALUATION THEN?

* In depth education, training, competency, building an entire QA program to support
laboratory-based interpretations and reporting for disclosure.

* Very limited training opportunities— as in nothing sufficient in US. University of Lausanne
* This is challenging and new to the U.S.’s thinking (STRmix |0+ years ago).

* Consideration of resources — not every case needs this, but the training needed is
considerable.

* Due to the challenge- many people are still resorting to saying statements that are not
appropriate given our current understanding:

* Direct transfer is more likely than indirect This is NOT

* Sure, that is possible or one of many possibilities science.



WHY WE DON’T TESTIFY TO “POSSIBILITIES” AND
EXPLANATIONS

* There is an important distinction between “possible” and “probable™

* You'll notice with DNA comparisons we don’t state it’s possible .... We
provide a value of the comparison (this is based on probabilities)

* Typically we are only asked about possibilities when it pertains to
questions about how or when the DNA may have been transferred to the
item in question

* Possible is not the same as probable (fair coin heads vs. lottery)




WHY WE DON’T TESTIFY TO
“POSSIBILITIES”
ND EXPLANATIONS

> L Y

* Itis a direct comment on what happened (we do not know this...)
* Possible = speculative, has no inherent value

* It is very difficult to justify “possible” with facts or data — if you could- then you should be
doing an evaluation that considers “how possible” — with probabilities

* Explanations = justifying your results once you know them (this is not great logic — anything
will work here!)

* May mislead the jury about the strength of the DNA results (over or under value)

* We have aimed to stay in our lane of expertise, these questions require a different level of

training and authorization




Communicating Forensic Findings: Current Practices and
Future Directions Workshop

Trace Evidence Perspective on Interpretation Scales

Tatiana Trejos

West Virginia University, Department of Forensic and Investigative Science
June 25-26, 2024; Rockville, Maryland



TRACE evidence: invisible clues
that tell a story...

4



Links between objects ca
answer questions about

e https://www.la-criminaldefense.co rive-by-shootin urder-gan
defense-in-california/


https://depositphotos.com/stock-photos/car-crash.html

Hit and run case example

Courtesy of Troy Ernst, Trace Evidence Unit, Forensic Science
Division, Michigan State Police



Not too long ago...

“The glass fragment
recovered from the jacket
(item #5) could have come
from the glass submitted as
reference (mirror item #6)”

VWHAT ARE-YOU
TRYING TQ SAY?

WHATDO ‘

:

YOU MEAN? neteL



nitiatives in Trace Evidence:
nterpretation Scale Development

ORIGIN: Michigan
State Police, Chris
Bommarito

2008-2014

SWGMAT

Some versions
implemented at
forensic laboratories
(as seen in proficiency
test results or surveys)

2014-to date

NIST-OSAC Trace Subcommittee,
Interpretation task group

OSAC 2022-5-0029 Standard Guide
for Interpretation and Reporting
in Forensic Comparisons of Trace
Materials

Standard
Guide:
SUBMITTED TO
ASTM



Interpretation & Reporting Guide

Interpretation Task Group Members, past and present

. rE:z:_lt)hy Brown, Collaborative Testing Services (current
chair

« Mary Eng, New York City Police Crime Lab
» David Green, Lake County Crime Lab (Ohio)

» Susan Gross, Minnesota Bureau of Criminal
Apprehension, ATF

« Tammy Jergovich, Georgia Bureau of Investigation
» Cheryl Lozen, Michigan State Police, retired

» Andria Mehltretter, FBI (past chair)

 Tatiana Trejos, West Virginia University

Statisticias and human factors (Hal Arkes, Cedric
Newmann, Madeline Ausdemore , Shirly Montero

NIST-OSAC Trace/Materials Subcommittee

Revisions at Subcommittee, STRP panel, Legal &
Human Factors, FSSB

Hundreds of reviewers: OSAC and public



Inte o retation Gu Id @ Simple Interpretation Process for

Comparative Examinations

* 5 main subdisciplines: fibers, hair, glass, paint, and tape.
* Can the compared items be discriminated?

e Evaluation of the results on a source level. Common
source? Significance of the finding?

e Evaluation of these results considering various factors

e Also compatible with LR

v Uses a scale to assess and report the significance of the findings

v Provides material-specific interpretation criteria and casework-based
reporting examples

v Universal and flexible platform can use scientifically sound qualitative
or quantitative inputs for decision-making



The Core of the Guide:
Interpretation categories based on systematic
approaches and consensus criteria

Interpretation based on:

!y
v Scientific foundations S -
\/Analysis and Data Interpretation - -
\/Rarity assessment - -

v Contextual relevance

4 Population studies (what is out there?)

v Manufacturing and distribution information
v/ Discrimination studies

SYSTE IVIATIC v/ Practitioner training and experience
v’ Case studies
CRITERIA v Databases and collections

Criteria developed by material supported by hundreds of
scientific literature.



Physical Fits

Associations with highly discriminating

characteristics (AHD)

e Associations with discriminating
Casework-based example

Realistic, practical
Evaluated under various
data/information
inputs/criteria to support
interpretation

characteristics (AD)
e Associations with limitations (AL)

* Inconclusive (IN)

e Exclusion with limitations (EL)

Exclusion (EX)




Interpretation Categories

Physical
Fit

Associations based on Class Characteristics

Association
with Highly
Discriminating
Characteristics

Increased Support

for Same Source

Association
with
Discriminating
Characteristics

Association
with
Limitations

Inconclusive

Neutral

Exclusion
with
Limitations

Increased Supp
for Different S

Level of Support for Propositions

Exclusion
(Elimination)

Strongest
support for the
proposition that

the items
originated from
the same source

as opposed to
different
sources.

Very strong to
extremely strong
support for the
proposition that
the items
originated from the
same source as
opposed to
different sources.

Moderately strong

to strong support

for the proposition
that the items
originated from

the same source as

opposed to
different sources.

Slight to moderate
support for the
proposition that

the items
originated from the
same source as
opposed to
different sources.

Indeterminate
support for the
propositions that the
items originated from
either the same source or
different sources.

Slight to
strong
support for the
proposition that the
items originated from
different sources as
opposed to the same
source.

Strongest
support for the
proposition that the
items originated
from different sources as
opposed to the same
source.



Exclusion

e Exclusion (Elimination) — The items exhibit differences that provide the strongest
support that the items originated from different sources as opposed to the same source.

Exclusion with Limitations — The item exhibits differences from the comparison sample

that support that it did not originate from the source, as represented by the comparison

sample; however, limiting factors prevented an Exclusion (Elimination) from being reached.

This provides slight to strong support for the proposition that the items originated from
different sources as opposed to the same source.



Arson- Molotov cocktail fabric: Exclusion

Courtesy of Troy Ernst, MISP.



Physical fit

Physical Fit is the highest degree of association between items. It is the opinion
that the observations provide the strongest support for the proposition that the
items were once joined together to form a single object as opposed to originating
from different sources. Physical Fit is reached when the items that have been
broken, torn, or separated exhibit physical features that correspond or re-align in a
manner that is not expected to be replicated. A Physical Fit is not currently based
upon a statistical evaluation of data; it is also not based upon exhaustive
comparisons to all potential sources.



Physical Fit: Fatal hit and run case- MSP

Disclaimer: Courtesy of Troy Ernst, MSP. Conclusions are redacted to illustrate the scale and not verbatim of his report



Associations of Evidence based on Class
Characteristics

Class characteristics are physical, optical, or chemical properties that establish membership
in a group. Associations based on class characteristics do not establish that the items came
from the same source. Class associations can have varying degrees of significance. In
general, the smaller the size of the group relative to the relevant population, the more
significant the association. These types of associations are categorized as follows:

e Association with Highly Discriminating Characteristics
e Association with Discriminating Characteristics

e Association with Limitations



Association- glass example

Association with Highly Discriminating Characteristics

The items share unusual characteristics that would rarely occur

in the relevant population.

Association of glass fragments characterized by elemental
analysis using ICP-based methods.

Association of Flass fragments characterized by Rl and
elemental analysis using uXRF when Sr, Zr, or an element
that is less commonly or rarely detected in glass by XRF is
used in element intensity ratio comparisons.

Association of glass fragments for which the estimated
random match probability of the measured properties is
very small (i.e., smaller than 0.2%)

Association of glass fragments for which the estimated
calibrated likelihood ratios (LRLprovide very strong to
extremely strong support for the same-source hypothesis
ggga’)che different-source hypothesis (e.g., LR greater than

Association with Discriminating Characteristics

Other items have been manufactured or could occur in nature that
would also be indistinguishable from the submitted items and could
be encountered in the relevant population

Association of glass fragments characterized by elemental analysis
usin|g KXRF alone, when Sr, Zr, or an element that is less commonly or
rarely detected in glass by is used in element intensity ratio
comparisons.

Association of glass fragments characterized by elemental analysis
using Rl and puXRF, when Sr, Zr, and all elements that are less
commonly or rarely detected in glass by XRF are below the limit of
guantitation.

Association of glass fragments for which the estimated random match
prcabza(!/oi)lity of the measured properties is small (e.g., between 0.2%
an 0

Association of glass fragments for which the estimated calibrated
likelihood ratios (LR) provide moderately strong to strong suEport for
the same-source hypothesis over the different-source hypothesis
(e.g., LR between 100 and 1000)



GLASS: Fatal Hit and Run Case Example

Courtesy of Troy Ernst, Trace Evidence Unit, Forensic Science
Division, Michigan State Police



Hit and Run Reporting Example

* Association with Discriminating characteristics e Exclusion/Elimination

e The questioned glass fragment (Item 5-Qglass) and e The questioned glass fragment (Item 5-Qglass) differed
the known glass from the large mirror of Item 2 in elemental composition from the known glass from
corresponded in general appearance, refractive the small mirror of Iltem 2. In the opinion of the
index, and elemental composition by uXRF. examiner, Item 5-Qglass did not originate from the

* In the opinion of the examiner, Item 5-Qglass small mirror of ftem 2 (Elimination)

originated either from the large mirror of Iltem 2 or

from another broken glass source with

indistinguishable properties.( Association with

Discriminating Characteristics). This type of

association was reached because coincidental

associations of glass originating from different

sources could occur but are expected to be \

unusual. Association Elimination

Disclaimer: Courtesy of Troy Ernst, MSPD. Conclusions are redacted

to illustrate the interpretation scale and not verbatim of his report



Assoclation-

Association with Highly Discriminating Characteristics

The items share unusual characteristics that would rarely occur
in the relevant population.

e OEM automotive system with at least one aftermarket
basecoat or primer layer above the original clear coat.

 OEM automotive system with two or more factory repairs
(i.e., three or more total basecoat-clearcoat sequences).

* Architectural paint system with two or more different layers.

e Automotive system with architectural paint present.

paint example

Association with Discriminating Characteristics

Other items have been manufactured or could occur in nature that
would also be indistinguishable from the submitted items and could
be encountered in the relevant population

Association of paint in which the typical analysis scheme was
erformed on mass- produced materials that have numerous
eatures for evaluation (e.g., four-layered OEM automotive paint).

OEM automotivedpaint system with one factory repair of the same
basecoat color and layer sequence (i.e., two total OEM basecoat-
clearcoat sequences).

Single-layered paint for which there is knowledge of substantial
discrimination power (e.g., red architectural paint) or product
manufacturing distribution information that reduces the potential
sources.

Aftermarket refinish clearcoat and basecoat




GLASS and PAINT Example - Homicide

Known K Questioned Q
L-56 L-527A

Courtesy of Troy Ernst, Trace Evidence Unit, Forensic Science

) ON Vlichigea



Questioned

Known

Questioned Known



Glass and Paint Reporting Example

* Glass Association with Highly Discriminating Characteristics

e The submitted questioned glass fragment (Item BP17-2581-L27A)
and known glass fragments (Item L-56) were compared usin
physical characteristics, refractive index measurements, an
elemental analysis by x-ray fluorescence (XRF).

* The questioned glass fragment was similar in color, thickness,
typeq(float, non-tempered), refractive index, and elemental
composition to the known Flass. Additionally, there were
corresponding colors (purple and turquoise) and location of
apparent paint on the surtaces of the questioned and known
glass samﬂles, and corresponding color and location of apparent
caulk on the surfaces opposite the paint of the questioned and
known glass samples.

* Therefore, the questioned glass originated from the broken
window as represented by the known sample or another source
of broken glass indistinguishable in the measured properties
(Association with Highly Discriminating Characteristics). This
type of association was reached because coincidental
associations of glass originating from different sources could
occur but are expected to be highly unusual.

* The presence of corresponding multiple colors of paint and of
apparent caulk on both items greatly increases the significance
of this association.

Paint Association with Highly Discriminating
Characteristics

Examination and comparison of the questioned paint with
known sample, revealed they are consistent with respect to
their observed and measured physical and chemical
properties (e.g., architectural paint with two colors, purple
and turquoise paint). It is therefore concluded that the Item
guestioned paint recovered from the glass fragment in the
bag pack corresponds to the known item paint and
therefore originated either from that window or from
another window with architectural paint having the same
distinct characteristics (Association with Highly
Discriminating Characteristics).

The presence of corresponding multiple colors of paint and
of apparent caulk on both broken glass items greatly
increases the significance of this association.

Disclaimer: Courtesy of Troy Ernst, MSP. Conclusions are redacted to illustrate the scale and not verbatim of his report



How trace evidence strengthen links!

TRACE

Courtesy of Troy Ernst, Trace Evidence Unit, Forensic Science

[ ) ON Vlichigea3



Interlaboratory Study

Five possible levels of interpretation
Two difficulty levels

80 scenarios independently developed and
evaluated by “Subject Matter Expert Panel
(SMEP)” best 30 chosen for study
30 “SMEP consensus ground truth” scenarios
e 15 scenarios randomly distributed to each
participant
e Overall, designed to have same number of
total responses per scenario

* 85 participants, 1267 responses



Lessons learned from Paint Interpretation ILS

e These findings demonstrate that a high level of agreement was achieved among
practitioners regarding the significance of results in comparative examinations
when using the proposed guide.

 High agreement between consensus reached by SMEP and within participants
(93% of the case scenarios, 28 out of 30)

e This exercise provided a tangible means to assess the thinking process of the
participants in interpreting the results. The scale, criteria, and examples in the
document aid in standardizing the interpretation process.



Acknowledgements

e Cedric Neumann, statistical support

e Hal Arkes, Emeritus Professor, Department of Psychology, The Ohio State
University

e Donna Sirk, NIST-OSAC Program Office
e Scott Ryland, retired forensic scientist
e David Flohr, retired forensic scientist

e Meghan Prusinowski, Korina Menking Hoggatt, former graduate students,
West Virginia University

e NIST-OSAC Trace/Materials Subcommittee Interpretation and Physical Fit
Task Group Members

* Interlaboratory study participants



Questions?

Tatiana.Trejos@mail.wvu.edu
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WHAT DOES A FOOTWEAR COMPARISON ENTAIL?

Crime Scene Impression Superimposed Composite Image Known Shoe Test Impression




CURRENT CONCLUSION SCALE




* Goals were:
* To move away from categorical conclusions
* Decide on a framework for articulating opinions to the stakeholders
that were transparent, more justifiable, and didn’t lose anything in
ARTl CU LATl N G terms of how understandable they were
* Also wanted to provide something that was usable to
OPINIONS INTO practitioners and adoptable by laboratories. To do this we had to

THE FUTU RE answer two questions

|. Are the new opinions being understood!?
2. Are the new opinions perceived as much “weaker” than

previous associations!?



QUESTION | — -
HOW TO IDENTIFY * Weight of evidence type scale

TH E BEST * Where the practitioner must consider the two propositions

FRAM EWORK’ during the evaluation




QUESTION 2 —
HOW MANY

BOXES IS TOO
MANY BOXES!?




QUESTION 3 —
HOW
IMPORTANT IS
SYMMETRY IN
A SCALE!?
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QUESTION 4 —
ARE WE
UNDERSTOOD!?




QUESTION 5 —
ARE WE
CORRECTLY
REPRESENTING
THE
STRENGTH OF
SUPPORT?
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THANK YOU

David Kanaris

david.kanaris@alaska.gov

Footwear & Tire Subcommittee | NIST
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DM SAC Standard
Guide for Image
Comparison Opinions

Presented to
Communicating Forensic Findings Workshop: Current Practices and Future Directions
June 25, 2024

By Lora Sims, Director Face Center of Excellence (FaCE)



Disciplines

* Framework for discipline specific opinion scale standard.

* Encompasses Facial and Iris Identification (FIl) and the Video/Imaging Technology and
Analysis (VITAL)

 Specific to comparisons of people, objects, or scenes captured in images



Disciplines

e el

Images of vehicles from SWGDE Technical
Overview for Forensic Image Comparison v1.0
Images of faces from Ideal Innovations, Inc. FaCE

Training Database




History & Limitations of Facial Identification

e Started in law enforcement in 1840’s

* Has expanded to the following applications:
e Screening and Access Control
* |nvestigative and Operational Leads
* Intelligence Gathering for Identity Management
* Forensic Comparison

* Limitations:
* Image quality/resolution/size
* Lighting conditions
e Distance of camera to subject
* Image formats/compression
* Expression/Aging/Weight Changes/Health Changes/Intentional Modifications
» Comparisons - subjective/opinion based



Historical Scales used in Facial Identification (1 of 3)

e Screening and Access Control
* No formalized scale used

* Investigative and Operational Leads
* Investigative Lead
* Inconclusive
* Not the same person

**These are examples from some agencies and were not standardized across the discipline.**



Historical Scales used in Facial Identification (2 of 3)

* Intelligence Gathering for Identity Management

 Example 1:
* |dentification (match)
e Likely
* Inconclusive
e Unlikely
* Non-ldentification (non-match)

* Example 2:
e +3 Conclusion that subjects are almost certainly the same person
e +2 Conclusion that subjects are likely the same person
e +1 Observation of positive indications between subjects
* 0 Determined this comparison to be inconclusive
e -1 Observation of negative indications between subjects
e -2 Conclusion that subjects are likely not the same person
e -3 Conclusion that subjects are almost certainly not the same person

**These are examples from some agencies and were not standardized across the discipline.**



Historical Scales used in Facial Identification (3 of 3)

* Forensic Examinations (7-point scale)

 Example 1:
e +3 — Extremely strong support for Identification (i.e., “Identification” or “Appears to be”)
e +2 —Strong support for Identification, with little or no support for Exclusion
* +1 —Some or Limited support for Identification, with less support for Exclusion
 0— No Conclusion [The subject cannot be differentiated from a large segment of the population.]
e -1-Some or Limited support for Exclusion, with less support for Identification
e -2 —Strong support for Exclusion, with little or no support for Identification
e -3 —Extremely strong support for Exclusion (i.e., “Elimination”)

* Example 2:
* +3: The observations strongly support that it is the same person
* +2:The observations support that it is the same person
* +1: The observations support to some extent that it is the same person
e 0: The observations support neither that it is the same person nor that it is different persons
e -1: The observations support to some extent that it is not the same person
e -2:The observations support that it is not the same person
e -3: The observations strongly support that it is not the same person

**These are examples from some agencies and were not standardized across the discipline.**



History & Limitations of VITAL

e VITAL — started to become used in the 1990’s

* Limitations:
* Image quality/resolution/size
* Lighting conditions
e Distance of camera to subject
* Image formats/compression
* Comparisons - subjective/opinion based

e Authentication - increases in technology (automated tools, artificial
intelligence)



Historical Scales used in VITAL

Continuum of Conclusions Examples For Photographic Comparative Analysis

|dentification

Identification

Identification

Identification

Powerful support
same

Similar
Strong support same
Similarities
noted Moderate support
No conclusion, but same
with similarities T
Limited support same
Neither/Nor - .
. with Inconclusive
No conclusion ; :
No conclusion explanation Limited support
different
. Moderate support
Ng coqclgsn_c)n,_l?ut different
with dissimilarities
Strong support
different
.. Dissimilar Powerful support
Elimination Hifferanit
Elimination Elimination Elimination
No comparison Not suitable - No comparison
Possible with Possible

explanation




History of Standard Guide for Image Comparison Opinions

* Document originally started in Facial Identification Subcommittee.
* Added VITAL Subcommittee to create a DM SAC Task Group

* Original version included the following:
e Exclusion
e Strong Support for Exclusion
e Support for Exclusion
* Inconclusive
e Support for Common Source
* Strong Support for Common Source



Timeline Standard Guide for Image Comparison Opinions

e Sept 2020 — document approved to send to SDO by DM SAC (previous OSAC
process)

e May 2021 — document received negative ballots at SDO.

* June 2021 - OSAC invited documents that had gone through the previous
process to go through the STRP process. The task group decided to do this.

e July 2022 — Completed STRP with mixed response

e Aug 2022 — Submitted for review in to the FSSB. Petition received
* Sept 2022 - Ballot at FSSB = failed

* Feb 2023 — Recirculation ballot at FSSB = failed*

 May 2023 — Recirculation ballot #2 at FSSB = passed

* June 2023 — Posted to the OSAC Registry as proposed standard



Considerations

* Multiple Disciplines
* Framework vs Interdisciplinary Standard
* Total number of options on the scale

e Confusion surrounding original decisions in the standard

* Original version included the following:
e Exclusion
e Strong Support for Exclusion
e Support for Exclusion
* Inconclusive
e Support for Common Source
e Strong Support for Common Source

e Understanding conclusion-centric vs evidence-centric



Why the confusion?

e Decision maker (conclusion-centric) vs Forensic Scientist
(evidence-centric)

* Some labs function as both the forensic scientist and the
decision maker

e Reach an opinion as a forensic scientist (based on the
evidence) which then informs a decision maker (who
considers other things/evidence) to reach a conclusion-
centric opinion



Where did we end up?

e Evidence-Centric Scale

 Strong Support for Different Source

* an opinion category for which the observed dissimilar characteristics
far outweigh the observed similar characteristics or where no
distinctive similarities are observed. The nature and level of the
observed similarities and dissimilarities in image characteristics are
much more probable given the proposition that the images depict
two different sources than given the proposition that the images
depict the same source.




Where did we end up?

e Evidence-Centric Scale
 Strong Support for Different Source

e Support for Different Source

e an opinion category that the observed dissimilar characteristics
outweigh the similar characteristics but are insufficient to reach
strong support for different source. The nature and level of the
observed similarities and dissimilarities in image characteristics are
more probable given the proposition that the images depict two
different sources than given the proposition that the images depict
the same source.




Where did we end up?

* Evidence-Centric Scale
 Strong Support for Different Source
e Support for Different Source

* Inconclusive

* an opinion category that there is insufficient information to form an
opinion of common source or different source. The nature and level
of the observed similarities and dissimilarities in image
characteristics are equally probable given the proposition that the
images depict two different sources and given the proposition that
the images depict the same source.




Where did we end up?

* Evidence-Centric Scale
 Strong Support for Different Source
* Support for Different Source
* Inconclusive

e Support for Common Source

* an opinion category that the observed similar characteristics
outweigh the observed dissimilar characteristics but are insufficient
to reach strong support for common source. The nature and level of
the observed similarities and dissimilarities in image characteristics
are more probable given the proposition that the images depict the
same sources than given the proposition that the images depict the
two different sources.




Where did we end up?

* Evidence-Centric Scale
 Strong Support for Different Source
e Support for Different Source
* Inconclusive
e Support for Common Source

 Strong Support for Common Source

e an opinion category that the observed similar characteristics far
outweigh the observed dissimilar characteristics. The nature and
level of the observed similarities and dissimilarities in image
characteristics are much more probable given the proposition that
the images depict the same sources than given the proposition that
the images depict the two different sources.




Where did we end up?

* Evidence-Centric Scale
 Strong Support for Different Source
e Support for Different Source
* Inconclusive
e Support for Common Source
 Strong Support for Common Source







Communicating Forensic
Findings:

Forensic Document
Examination

Miriam Angel, Los Angeles Police Department
June 25-26, 2024




What does a Forensic Document
Examiner (FDE) do?

Examine documents to determine...
- Who wrote them
- Whether they are authentic

- Facts about them, such as how they were
created or handled




FDE Expertise — Handwriting

Studies on FDE vs. Layperson performance on handwriting
and signature comparisons

- Similar rates of correct association responses

- Laypersons make significantly more incorrect associations




Differentiability of Handwriting

- “...FDEs appreciate the sources and range of natural
variation both between and within individuals.

- The causes of intra- and inter-writer variation, and the
arguments for why intra-writer variation is smaller than
Inter-writer variation, have deep roots in motor control

theory.” (Forensic Handwriting Examination and Human Factors,
2021)




Handwriting 1s the Result of a
Behavior/Activity

- A person’s handwriting can vary beyond normal due to

- iInternal or external factors (such as illness or
uncomfortable writing conditions)

- purposeful change (disguise or simulation)




Basis for a Handwriting Opinion
Supporting Same-Source

- “No two people write alike”




Same writer?




Basis for a Handwriting Opinion
Supporting Same-Source

“P] ' I 'l I'l 29
8

- Given a sufficient amount of natural writing, no two
people are likely to produce handwriting that 1s exactly
the same in terms of character construction, line quality,
and other handwriting features.




Complexity




Complexity?




Limitations




Assessments are Subjective

Forensic handwriting examination, as currently practiced,
1s not about:

- Weighing similarities and differences (only)

- Frequency occurrence proportions of individual
characteristics




Assessments are Subjective

Opinions are based on the examiner’s...

- understanding of the case information and request
- knowledge of handwriting

. experience

- reasoned judgment




Current Opinion Scale

Highly May Not Highly
Probable Not Probably Not  Have May Have Probably Probable

| | 1
Elimination Inconclusive Identification




Current Conclusions Standard

4. Terminology
4.1 Recommended Terms:

Identification (definite conclusion of identity)—this
1s the highest degree of confidence expressed by document
examiners In handwriting comparisons. The examiner has
no reservations whatever, and although prohibited from
using the word “fact,” the examiner 1s certain, based on
evidence contained in the handwriting, that the writer of
the known material actually wrote the writing in question.

-From the SWGDOC Standard Terminology for Expressing Conclusions of Forensic Document Examiners




Current Conclusions Standard

strong probability (highly probable, very
probable)—the evidence 1s very persuasive, yet some
critical feature or quality 1s missing so that an
1dentification 1s not in order; however, the examiner i1s
virtually certain that the questioned and known writings

were written by the same individual.

-From the SWGDOC Standard Terminology for Expressing Conclusions of Forensic Document Examiners




Questioned (Q)

Known Writer 1 Known Writer 2
K1 K2




K1




K2




Opinions using current standard

- Examiner A
- It 1s highly probable the K1 writer wrote Q.

* No determination could be made whether the K2 writer
wrote Q.

- Examiner B
- It 1s highly probable the K1 writer wrote Q.
- It 1s highly probable the K2 writer did not write Q.




Proposed Standard Opinions

- Extremely Strong Support for Different Sources
« Strong Support for Different Sources

- Moderate Support for Different Sources

- Limited Support for Different Sources

- Equal support

- Limited Support for Common Source

- Moderate Support for Common Source

« Strong Support for Common Source

- Extremely Strong Support for Common Source




“Support”

- If the probability of observing the handwriting features if
proposition X is true is larger than the probability of
observing these features if proposition Y is true, then the
findings support proposition X over proposition Y.

- If the probability of observing these features is about the
same under both propositions, the findings provide
approximately equal support for each proposition.

ATA

Writer Different
Writer




Transition Phase

If your opinion in SWGDOC terminology is:

Your conclusion should/may be worded:

Elimination

Extremely strong support for different sources

Highly probable did not

Strong support for different sources

Probably not

Moderate (or strong) support for different sources

Indications may not have

Limited (or moderate) support for different sources

No conclusion / Inconclusive

Equal support

Indications may have

Limited (or moderate) support for same source

Probably Moderate (or strong) support for same source
Highly Probable Strong support for same source
ID Extremely Strong support for same source

*Important Note: The conclusions in the second column follow from those in the first column.
However, the reverse is not true; conclusions in the first column do not necessarily follow from

those in the second column.




Evaluative Reporting Approach

Ideally, the examiner would

- Assess the probability of observing the findings if the
same person wrote both samples of writing

and

- Assess the probability of observing the findings if
different people wrote both samples of writing




If the findings are... Verbal expression...
Exactly as expected Extremely high probability

Largely as expected \ery high probability
Moderately as expected Moderately high probability

Neutral Balanced probability ::

Moderately divergent Moderately low probability

Largely divergent Very low probability
Completely divergent Extremely low probability

Limitations move the probability/probabilities toward Neutral

*Table adapted from Brent Ostrum’s Table 3.2 in Forensic Document Examination in the 215t Century




Example Case

« H1: The writer of the known writing K wrote the
questioned document Q

- H2: Someone other than the writer of the known writing
K wrote the questioned document Q




Evaluation

- Probability of the findings given H1 is Very High
- Probability of the findings given H2 1s Very Low




Probability of the findings given H1

Extremely Low

Very Low

Low

Neutral

High

Probabilities of the findings given H2

Extremely Low

Evidence provides
approximately equal
support for H1 and H2

Evidence provides
limited support for H1
over H2 or Evidence
provides approximately
equal support for H1
and H2

Evidence provides
limited support for H1
over H2

Evidence provides
moderate support for
H1 over H2 or Evidence
provides limited
support for H1 over H2

Evidence provides
strong support for H1
over H2 or Evidence
provides moderate
support for H1 over H2

Very High

Evidence provides
extremely strong
support for H1 over H2
or Evidence provides
strong support for H1
over H2

Very Low

Evidence provides
limited support for H2
over H1 or Evidence
provides approximately
equal support for H1
and H2

Evidence provides
approximately equal
support for H1 and H2

Evidence provides
limited support for H1
over H2 or Evidence
provides approximately
equal support for H1
and H2

Evidence provides
limited support for H1
over H2

Evidence provides
moderate support for

H1 over H2 or Evidence

provides limited

support for H1 over H2

Evidence provides
strong support for H1
over H2 or Evidence
provides moderate
support for H1 over H2

Low

Evidence provides
limited support for H2
over H1

Evidence provides
limited support for H2
over H1 or Evidence
provides approximately
equal support for H1
and H2

Evidence provides
approximately equal
support for H1 and H2

Evidence provides
limited support for H1
over H2 or Evidence
provides approximately
equal support for H1
and H2

Evidence provides
limited support for H1
over H2

Evidence provides
moderate support for
H1 over H2 or Evidence
provides limited
support for H1 over H2

Extremely High

Evidence provides
extremely strong

support for H1 over H2

Evidence provides
extremely strong
support for H1 over H2
or Evidence provides

strong support for H1
over H2

Evidence provides
strong support for H1
over H2 or Evidence
provides moderate
support for H1 over H2

Neutral

Evidence provides
moderate support for
H2 over H1 or Evidence
provides limited
support for H2 over H1

Evidence provides
limited support for H2
over H1

Evidence provides
limited support for H2
over H1 or Evidence
provides approximately
equal support for H1
and H2

Evidence provides
approximately equal
support for H1 and H2

Evidence provides
limited support for H1
over H2 or Evidence

provides approximately

equal support for H1
and H2

Evidence provides
limited support for H1
over H2

Evidence provides
moderate support for
H1 over H2 or Evidence
provides limited
support for H1 over H2

High

Evidence provides
strong support for H2
over H1 or Evidence
provides moderate
support for H2 over H1

Evidence provides
moderate support for
H2 over H1 or Evidence
provides limited
support for H2 over H1

Evidence provides
limited support for H2
over H1

Evidence provides
limited support for H2
over H1 or Evidence
provides approximately
equal support for H1
and H2

Evidence provides
approximately equal
support for H1 and H2

Evidence provides
limited support for H1
over H2 or Evidence
provides approximately
equal support for H1
and H2

Evidence provides
limited support for H1
over H2

Very High

Evidence provides
extremely strong
support for H2 over H1
or Evidence provides
strong support for H2
over H1

Extremely High

Evidence provides
strong support for H2
over H1 or Evidence
provides moderate
support for H2 over H1

Evidence provides

extremely strong
support for H2 over H1

Evidence provides
moderate support for
H2 over H1 or Evidence
provides limited
support for H2 over H1

Evidence provides
limited support for H2
over H1

Evidence provides

limited support for H2

over H1 or Evidence

provides approximately

equal support for H1
and H2

Evidence provides
approximately equal
support for H1 and H2

Evidence provides
limited support for H1
over H2 or Evidence
provides approximately
equal support for H1
and H2

Evidence provides

extremely strong

support for H2 over H1

or Evidence provides

strong support for H2
over H1

Evidence provides
strong support for H2
over H1 or Evidence
provides moderate
support for H2 over H1

Evidence provides
moderate support for
H2 over H1 or Evidence
provides limited
support for H2 over H1

Evidence provides

limited support for H2

over H1

Evidence provides
limited support for H1
over H2 or Evidence
provides approximately
equal support for H1
and H2

Evidence provides
approximately equal
support for H1 and H2




Probability of the findings given H1

Extremely Low

Very Low

Low

Neutral

High

Probabilities of the findings given H2

Extremely Low

Evidence provides
approximately equal
support for H1 and H2

Evidence provides
limited support for H1
over H2 or Evidence
provides approximately
equal support for H1
and H2

Evidence provides
limited support for H1
over H2

Evidence provides
moderate support for
H1 over H2 or Evidence

provides limited
support for H1 over H2

Evidence provides
strong support for H1
over H2 or Evidence
provides moderate
support for H1 over H2

Very Low

Evidence provides
limited support for H2
over H1 or Evidence
provides approximately
equal support for H1
and H2

Evidence provides
approximately equal
support for H1 and H2

Evidence provides
limited support for H1
over H2 or Evidence
provides approximately
equal support for H1
and H2

Evidence provides
limited support for H1
over H2

Evidence provides
moderate support for
H1 over H2 or Evidence
provides limited
support for H1 over H2

Low

Evidence provides
limited support for H2
over H1

Evidence provides
limited support for H2
over H1 or Evidence
provides approximately
equal support for H1
and H2

Evidence provides
approximately equal
support for H1 and H2

Evidence provides
limited support for H1
over H2 or Evidence
provides approximately
equal support for H1
and H2

Evidence provides
limited support for H1
over H2

Very High

Evidence provides
strong support for H1
over H2 or Evidence
provides moderate
support for H1 over H2

Evidence provides
moderate support for
H1 over H2 or Evidence
provides limited
support for H1 over H2

Extremely High

Evidence provides
strong support for H1
over H2 or Evidence
provides moderate
support for H1 over H2

Neutral

Evidence provides
moderate support for
H2 over H1 or Evidence
provides limited
support for H2 over H1

Evidence provides
limited support for H2
over H1

Evidence provides
limited support for H2
over H1 or Evidence
provides approximately
equal support for H1
and H2

Evidence provides
approximately equal
support for H1 and H2

Evidence provides
limited support for H1
over H2 or Evidence
provides approximately
equal support for H1
and H2

Evidence provides
limited support for H1
over H2

Evidence provides
moderate support for
H1 over H2 or Evidence
provides limited
support for H1 over H2

High

Evidence provides
strong support for H2
over H1 or Evidence
provides moderate
support for H2 over H1

Evidence provides
moderate support for
H2 over H1 or Evidence
provides limited
support for H2 over H1

Evidence provides
limited support for H2
over H1

Evidence provides
limited support for H2
over H1 or Evidence
provides approximately
equal support for H1
and H2

Evidence provides
approximately equal
support for H1 and H2

Evidence provides
limited support for H1
over H2 or Evidence
provides approximately
equal support for H1
and H2

Evidence provides
limited support for H1
over H2

Very High

Extremely High

Evidence provides
extremely strong
support for H2 over H1
or Evidence provides
strong support for H2
over H1

Evidence provides
strong support for H2
over H1 or Evidence
provides moderate
support for H2 over H1

Evidence provides

extremely strong
support for H2 over H1

Evidence provides
moderate support for
H2 over H1 or Evidence
provides limited
support for H2 over H1

Evidence provides
limited support for H2
over H1

Evidence provides
limited support for H2
over H1 or Evidence
provides approximately
equal support for H1
and H2

Evidence provides
approximately equal
support for H1 and H2

Evidence provides
limited support for H1
over H2 or Evidence
provides approximately
equal support for H1
and H2

Evidence provides
extremely strong
support for H2 over H1
or Evidence provides
strong support for H2
over H1

Evidence provides
strong support for H2
over H1 or Evidence
provides moderate
support for H2 over H1

Evidence provides
moderate support for
H2 over H1 or Evidence
provides limited
support for H2 over H1

Evidence provides
limited support for H2
over H1

Evidence provides
limited support for H1
over H2 or Evidence
provides approximately
equal support for H1
and H2

Evidence provides
approximately equal
support for H1 and H2




Opinion

The findings provide strong support for the writer of the
known document (K) having written the questioned
document (Q), rather than someone other than the K writer
having written it.

This results because (1) the probability of the findings if K1
wrote Q 1s very high, due to the strong similarities between
the samples in almost all handwriting features and (2) the
probability of the findings if someone other than the writer
of K1 wrote 1t 1s very low, due to the large amount of
questioned writing, where the combination of handwriting
features are unlikely to be observed in more than one
person’s writing.




Gaps and How to Fill Them

THE RANDOM
MATCH PROBABILITY
IS ONE IN TEN

William C. Thompson

University of California, Irvine

NIST Workshop on
Communicating Forensic
Findings
June 26, 2024




Shared Goal

Forensic science findings should be reported in
a way that is:

e Justifiable

e Complete
— Uncertainties, limitations, and assumptions are
disclosed
* Understandable
— So that factfinders give the evidence the weight it
deserves
But do we know enough to say what is justifiable
and understandable; and can we agree on what is
needed to be complete?



Gap: What statements are justifiable?

* |n many disciplines we disagree about the
probative value of forensic evidence for
distinguishing specific propositions
— Even in disciplines where there is an empirical basis

for LRs, there may be uncertainty about some cases

— Black-box studies of the accuracy of analysts’
decisions are not as helpful for establishing probative
value as studies of the frequency of features.

— The ability of factfinders to evaluate the strength of
the evidence is most important for contested cases,
which are the very ones where the true probative
value of the evidence is difficult to assess



What statements are justifiable?

We sometimes disagree about the proper basis for
forensic scientists’ opinions

— Latent print examiner influenced by “size of the
population of potential suspects”

— Bloodstain pattern expert influenced by medical
examiner’s report

— Medical examiner influenced by suspect’s statements
to police in assessing cause and manner of death
* Tl-Info may induce shift of decision threshold,
which can dramatically undermine probative
value of forensic evidence, thereby reducing
accuracy of legal system

— See Thompson, Shifting Decision Thresholds... PNAS,
2023 (“the criminalists’ paradox)



Gap: What should experts say about
underlying assumptions?

E.g., relevant reference population; NoC
Options
* Pick “best” assumption and report under it?

* Give an alternative report under each possible
assumption?

* Average or integrate over possible assumptions?
— Possibly testing sensitivity to priors?

See commentary on Thompson, Uncertainty in probabilistic
genotyping..., JFS, 2023

Biedermann, Taroni & Thompson. Using graphical probability
analysis (Bayes nets) to evaluate a conditional DNA inclusion.
Law, Probability and Risk,2011.



Gap: Which sources of uncertainty
should experts take into account, and
how?

E.g., What should firearms experts say
in reports and testimony about error
rates in black-box studies of bullet and
cartridges comparisons?



Should reports be “conservative”;
if so, how?

* Rationales for “conservative” reporting

— Presumption of innocence

* Not convincing—See, Kaye, Hypothesis testing in law and
forensic science...Harvard Law Review Forum, 2017.

— Scientific humility—resolve uncertain by making more
modest rather than bolder claim
 Example of confusion

— Thompson, Uncertainty in probabilistic genotyping,
JFS 2023

e “conservatism” in reporting STRMix findings



Gap: Do we know enough about lay
perception to evaluate whether a
statement will be “understood”?

e Bali, Martire, Edmond, Lay comprehension...Law &
HumBeh, 2021)—CASOC: consistency, inferential
ability, sensitivity, orthodox updating, coherent
reasoning
— Key issue: Do those who rely on reports and testimony

give forensic findings the weight that they deserve?

Research Strategies

— Perceived relative weight

— Effects of forensic evidence on evaluations and
decisions



Example for Discussion

s this statement in the DOJ ULTR on Firearms
justifiable, complete and understandable?

.... the observed class characteristics and
corresponding individual characteristics provide
extremely strong support for the proposition
that the two toolmarks originated from the
same source ....(emphasis added)



Justifiable? Understandable?

* ENFSI guidelines limit claims of “extremely strong
support” to LRs of 1 million and above

* Studies on perceived weight show people treat
“extremely strong support” as equivalent to LRs
of 100K+ or RMPs<1 in 100K

— Thompson, et al. Perceived strength of forensic
scientists’ reporting statements. Law,Prob&Risk, 2018

* Does the strength of firearms evidence justify
such statement?



ROC Curves Cartridge Comparison based on Observed Error Rates in
Monson et al. (2023) and Guyll et al. (2023) at Four Decision Thresholds

100%

Inc-C

95%

90%

85%

80%

True Positive Rate

75%

70%
0% 10% 20% 30% 40% 50% 60%

False Positive Rate
-o-Guyll et al. —e—Monson et al.



Threshold

ENFSI Label

ID

Inc-A

ID

Inc-A

True ID False ID
Rate Rate
Monson et al.

74.4 0.92
86.8 6.64
Guyll et al.

93.4 0.56
97.6 3.36

30.87

13.07

166.79

29.03

Moderate

Moderate

Moderately
Strong

Moderate



Additional caveats

* Error rates in black-box studies are aggregates
that average across some important variables
while ignoring others

* Underlying variables—e.g., item effects;
examiner skill; decision thresholds—may have

HUGE effects
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NIST Mixed Stain Study #2 (2 contributors)

Fig. 4 Non-Amplifying Allele D21S11 locus
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Probability Density
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Probability Density
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Communicating Forensic Findings Workshop:
Current Practices and Future Directions

Session 5: Gaps and How to Fill Them

ldentitying Gaps & Limitations via
SOPs
Kate Philpoftt



“A primary purpose for validation studies then is to
push the system until it fails in order to
understand the potential limitations —to define the

scope of method (and interpretation) reliability”
(Butler, Validation Webinar (2014), slide 12)

Clearly defined criteria and
limitations tightly connected to

validation data promote

F?LANN}NG EXPERIMENTS DATA SOp interpr.e.tations that are:
(including and DATA EVALUATION * Justifiable
study design) COLLECTION DEVELOPMENT + Complete

* Understandable (ala Bill T)

e Recommendation 3.8: Forensic science service providers' standard operating
procedures should provide criteria for assessing and documenting when a

probabilistic genotyping interpretation should be rejected.



HOW TO “PUSH THE SYSTEM UNTIL IT FAILS”

First step: understanding what factors challenge the system

The factors that make DNA mixture interpretation challenging are well
known:

v'a large and/or unknown number of contributors;
v'sub-optimal amounts of template DNA (i.e. stochastic effects);
v’ skewed/evenly-distributed mixture ratios;

v allele sharing between two or more contributors to a mixture (as
well as between true contributors and non-contributors); and

v’ degradation/inhibition (including varying degrees of degradation

between contributors) of template Dl\i@ < - . -
FACTOR SPACE



Validation study design -2 limits of analysis

(pg)

1:1:1:1, 4:4:1:1, 6:3:1:1,

13:3:3:1

1:1:1:1, 4:4:1:1, 6:3:1:1,

13:3:3:1

1:1:1:1, 4:4:1:1, 6:3:1:1,

13:3:3:1

1:1:1:1, 4:4:1:1, 6:3:1:1,

13:3:3:1
The lowest percentage/ratio for
any of these contributors, no
matter the number of
contributors, is 1:19 (1/20) or 5%.
Mixtures where the lowest level
contributor comprises less than

5% of the sample are beyond the
bounds of validation.

1:1:1, 3:3:1, 6:3:1, 8:1:1 1000
1:1:1, 3:3:1, 6:3:1, 8:1:1 1:1, 5:1,10:1, 19:1 500
1:1:1, 3:3:1, 6:3:1, 8:1:1 1:1, 5:1,10:1, 19:1 250
1:1:1, 3:3:1, 6:3:1, 8:1:1 1:1,5:1,10:1, 19:1 100
WARNING! CAUTION!

Mixtures with contributors donating as
little as 5% and [X] pg of template
DNA were tested during internal
validation. If PGS analysis of a mixture
assocliates a person of interest with a
contributor whose estimated template
DNA is lower (in terms of ratio or
quantity), the sample is outside the
scope of validation and should be
deemed uninterpretable.

Only two mixture samples tested
during internal validation involved
contributors donating as little as [X] pg
of template DNA. If PGS analysis of a
mixture associates a person of interest
with a contributor donating similar
amount of DNA, there are high levels
of uncertainty associated with this
analysis. Extreme caution should be
exercised if interpretation s attempted.




Validation results = limits of reliable
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E.g. False inclusions can occur with low
level contributors in DNA mixtures. In
validation, false inclusions were observed
for mixture components with average
peak heights approaching 600 rfu. For

4 pereor Mixtures with high levels of allele sharing

(e.g. related individuals), false inclusions
were observed for higher level
components (~1250 rfu). Extreme
caution should be exercised in
(nterpretation when similar conditions are
or may be present.

E.g. During validation, LRs associated
with false inclusions were observed to be
as high as 1,000,000 in mixtures with

100,000 for other mixture samples.
n-contributor LRs may occur in
This caveat shall be presented

where an H, true hypothesis results in a LR greater than 1 and the limit where false pQwiNeseM@Y analyst is providing
arise (a LR greater than 1 where H, is true).

testimony that culminates in a LR.

false inclusions or exclusions were observed for single source samples. Because validation samples

are specifically chosen to create mixtures with varying alleles, it is expected for casework samples to

show a slightly larger range of false inclusions and exclusions.



Standard Operating Procedures

Interpretability

« If samples under comparison contain a partial profile, for example as a result of allele drop-out, stochastic effects,
or an incomplete profile from locus dropout due to inhibition or degradation, or is a complex mixture, the DNA
profile may or may not be interpretable and may be considered unsuitable for comparison.

* The following scenarios may be considered to determine if a DNA profile or portion of a DNA profile is unsuitable
for comparison. (Note: this does not cover all possible scenarios):
a. Data of limited or poor quality
b. Mixture profiles or portions of a mixture profile where the presence of allelic drop-out is reasonable.
c. Profiles or portions or profiles that exhibit excessive homozygosity
d. Samples where the number of contributors cannot be determined
e. Complex mixtures (e.g., >4 contributors, allele sharing between multiple contributors, drop-out...)

4.2.4 The limitations of the interpretation methods used such as characterizing and defining the
maximum number of contributors, and issues associated with low-level data, low-level contributors

A N S I / AS B and potential contamination events.

O 4 O 4.2.5 Criteria for defining what are interpretable data versus data that cannot be interpreted.

4.2.6 Criteria for defining data that are suitable for comparison versus data that are unsuitable




(2

Precedent for including boundaries and limitations
In SOPs

- L

When determining the number of contributors to a mixture, total allele
number in the mixture and more discriminating loci should be considered.
The number of contributors to a mixed sample may be inferred based on the
locus that exhibits the greatest number of allelic peaks. Counting the total
number of alleles detected at the autosomal loci may provide guidance
towards defining a minimum or finite number of contributors present in the
mixture.

When using the total allele count to determine a finite number of
contributors. the counting of the autosomal alleles assumes that the mixture
profile has no alleles that are below the analytical threshold and therefore
undetected. Also. the allele count does not take into consideration possible
genotype combinations or modelling of the DNA profile (e.g. stutter or
drop-in) with probabilistic genotyping.

It there 1s reason to believe that there may be undetected alleles (e.g..
possibility of inhibition or degradation for one or more contributors, the
possibility of stochastic effects or drop-out). counting of the autosomal
alleles might only be useful in determining the minimum number of
contributors.

Figure 7 illustrates the number of total alleles observed in two, three, and
four person mixtures simulated from known samples typed with PowerPlex
Fusion 5C. This data does not include allele counts for the SE33 locus. A
mixture with a total of 68 autosomal alleles 1s more likely to consist of only
two contributors than to consist of three or more contributors. A mixture
with a total of 87 autosomal alleles 1s more likely to consist of only three
contributors than consist of two or four contributors.




How can we do better?

 SOPs that clearly define areas of out-of-bounds (i.e. clearly describe factor space)

* SOPs that clearly communicate limitations within tested factor space

NOC

Template per
contributor

. ‘ Mixture
Allele sharing ~ percentage
Degradation ‘)



How can we do better?

* SOPs that clearly define areas of out-of-bounds (i.e. clearly describe factor space)

* SOPs that clearly communicate limitations within tested factor space

NOC

Allele ‘ Mixture

sharing percentage

dation ‘ Template per

contributor




How can we do better?

* SOPs that clearly define areas of out-of-bounds (i.e. clearly describe factor space)

* SOPs that clearly communicatedimitations within tested factor space

OC

Allele Mixture
sharing ~ percentage

Template per
contributor

dation



STATISTICAL THEORY FOR LIKELIHOOD
RATIOS IN FORENSIC ANALYSIS

Daniel Rabinowitz

Department of Statistics
Columbia University



NOTATION
INDIVIDUAL(S)

D Defendant
S Source
A Perpetrator of the alleged Act

THEIR CHARACTERISTIC(S)

0p, 0Os distributed according to m(0), 04

DATA

Y: evidence about 85 modeled via fes (y)
Y all the rest of the evidence

FacTs OF CONSEQUENCE TO CULPABILITY

95:91) —D=S — D=A



STATE’S PRESENTATION OF Y}

LIKELIHOOD RATIO
e State D =S
® operationally: Y7 ~ ng (v)
® Defense D # S

* operationally: Y1 ~ [ m(6)f°(y)do

® Not 0p # 0g because want to compute LRs?

® or because point null embedded in composite alternative?
® Turing’s rule and “protection” on average.

STATE’S WITNESS REPORTS

7P ()
Jm(t)ft(Yr)dt

“providing strong evidence” for ... the State’s hypothesis.

LR = = w(0p|Y1)/m(0) is large,



STRENGTH OF EVIDENCE FOR STATE’S HYPOTHESIS

PROBABILITY DEPENDS ON LR AND TARGET, PRIOR

P{target} x LR
P{target} x LR + (1 — P{target})

P{ls=0p | Y1}

71'(0D) X LR
7(0p) x LR + (1—7(0p))

(miniscule)

OR P{S=D|Yy, Y}

P{S=D|Y}x LR
P{S=D|Y}xLR + (1-P{S=D|Y})

“Providing strong evidence for the prosecution’s hypothesis” a de facto
(and unusual) instruction about the standard for culpability? Also,
implicitly, testifying beyond personal knowledge.



STATE’S FINDER-OF-FACT’S CALCULATION

P{S=D|Y, Y}

P{S=D|Y}LR
P{S=D|Y}LR+(1-P{S=D|Y})

P{S=D|Y} = (ap—t—bD)/Z(ai—Fbi)

P{S=D|%v, Y} =

FOLLOWED BY P{A=D | Y}, Y}

P{A=D|Y,,Y} = P{S=D|Y;, Y}P{A=D|S5=D, Y}

+(1-P{S=D|Yi, Y})m;ﬁ

How helpful for the purposes of FRE 702(a) is it to report the LR without
explaining the subsequent calculations?



As APPLIED CHALLENGES TO
“PROVIDING STRONG EVIDENCE FOR” THE HYPOTHESIS

Z(ai + b;) is large,

k3

or most (a; + b;) are larger
THE MODEL FOR g AND Y}

(Posterior probability given Y7 that) 6s is consistent with 7(0)

Y} is consistent with /fg(y)ﬂ'(e)dG

VALIDATION

® Leverage statistics measuare “edge” not “hole.”

ISSUES

® Power (sample size, State’s quantile and the Confrontation Clause)
® Burden Shifting and Multiple testing

® Statistical versus practical significance



REPORTING UNCERTAINTY

WHOSE BURDEN?

® Standard in the discipline: burden on analyst to report uncertainty ...

including uncertainty in assessments of uncertainty.

UNCERTAINTY IN LR
® Propagate standard errors.
® Sensitivity analyses for assumptions. Subjective priors are judicial
admissions of uncertainty?

random, known distribution
random, uncertain distribution
not random, subjective beliefs about distribution

randomness as a deliberate fiction because

® only* Bayes’ rules are admissible (as statistics term of art),
® need Bayes factor to have an LR.

“approximations” and “restrictions” are assumptions, too.

¢ Validation of w and f? to complement “black box” studies.



USING A VALIDATION STUDY
MODEL TO MINIMIZE
WRONGFUL CONVICTIONS




What can the court system do to
adequately ensure that DNA evidence is
not being used to convict innocent
people?



C sic Science International: Genetics 17 (2015) 155-162
Contents lists available at ScienceDirect

Forensic Science International: Genetics

journal homepage: www.elsevier.com/locate/fsig

Secondary and subsequent DNA transfer during criminal investigation @(Mk

Ane Elida Fonnelgp *“*, Thore Egeland *°, Peter Gill *¢

* Norwegian Institute of Public Health, Oslo, Norway
M, Norwegian University of Life Sciences, As, Norway
 University of Oslo, Oslo, Norway

» “With  the Iinfroduciion of new multiplexes and
Instrumentation...there has recently been a rapid change in
the technology that has greatly increased sensitivity of
detection so that a DNA profile can routinely be obtained
from only a few cells. Research to assess the risks of passive
transfer has not kept pace with this development; hence the
‘hidden’ risk of innocent DNA fransfer at the crime-scene is
currently not properly understood.” 3

PRESENTATION TITLE




» 2019 AAFS Annual Meeting, Workshop 10, DNA Mixture 4
Interpretation Principles: Observations From a National
Institute of Standards and Technology (NIST) Scientific
Foundation Review (Sheila Willis presentation)

» Peter Gill, Misleading DNA Evidence (2014)

» NIST DNA Mixture Interpretation: A Scientific Foundation
Review (Draft Report 2021) — Chapter 5



NISTIR 8351-DRAFT 5

DNA Mixture Interpretation:
A NIST Scientific Foundation Review

Key takeaway 5.4 “DNA statistical results such as a subsource
likelihood ratio do not provide information about how or when DNA
was transferred, or whether it 1s relevant to a case. Therefore
using the likelihood ratio as a stand alone number without
context can be misleading.”



DNA Evidence & Innocent Suspects °

 Farah Jama

* Lukis Anderson

 Adam Scott

 Kevin Brown

« Amanda Knox/Raffeale Sollecito

“For every error discovered, there are an unknown number
that are undiscovered.” Gill, Misleading DNA Evidence, at
p. 2l




It

OPTIONS FOR THE COURTS 7

DO NOTHING

ALLOW EXPERT OPINION TESTIMONY ON ACTIVITY-LEVEL
PROPOSITIONS

RELY ON PROCEDURAL SAFEGUARDS SHORT OF EXCLUSION, IE.,
CAUTIONARY JURY INSTRUCTIONS, DEFENSE EXPERT TESTIMONY

EXCLUDE DNA EVIDENCE IN SITUATIONS WHERE THE CASE
CIRCUMSTANCES DEMONSTRATE AN UNREASONABLE RISK THAT THE
DNA IS NOT ASSOCIATED WITH THE CRIME.



What can the court system do to
adequately ensure that DNA evidence is
not being used to convict innocent
people?



r- Criminal Justice System

DNA Evidence @




GOALS

Distinguish true positives from true negatives

Laboratory: Distinguish between true contributor and true
non-contributor

Criminal Justice System: Distinguish between guilty and
innocent

10



METHOD

Laboratory: Standard Operating Procedures

Criminal Justice System: Constitutional Rules, Rules of
Procedure, Rules of Evidence, Statutes, Case Law

11



Values 1

Criminal Justice System:

“[A] fundamental value determination of our society [1s] that it 1s
far worse to convict an 1nnocent man than to let a guilty man go
free.” In re Winship, 397 U.S. 358, 372 (1970)(Harlan, J.

concurring)

“The maxim of the law 1s ... that it 1s better that ninety-nine ...
offenders should escape, than that one 1nnocent man should be

condemned.” Schlup v. Delo, 513 U.S. 298, 325 (1995)




Does the method work?

Laboratory: Validation Studies

Criminal Justice System: ¢¢¢

13



Red Flags

N

Wrongful Conviction Research:

J1LL NOILVINIS3d

Brandon Garrett, Judging Innocence (2008)

“The Elephant in the Room™ workshop series published in the Albany
Law review (2016)

John Morgan, Forensic Testimony Archeology: Analysis of Exoneration
Cases and its implications for forensic science testimony and
communications (2023)



Red Flags
15

359ad

Gross, et al., Rate of false convictions of criminal defendants vg/ho
are sentenced to death, National Academy of Sciences (2014)

» estimated that at least 4.1% of iInmates sentenced 1o death
would be exonerated if the execution was indefinitely delayed.

» Expressed that death cases are not representative of all of the
cases in the Criminal Justice System and that the 4.1% was likely
an underestimate of the actual rate of wrongful convictions



O~

Red Flags

Jury composition:

J1LL NOILVINIS3d

“The evidence regarding the impact of the jury pool is straightforward
and striking...[lln cases with no blacks in the jury pool, black
defendants are convicted at an 81% rate and white defendants at @
66% rate. When the jury pool includes at least one black potential
juror, conviction rates are almost identical: 71% for black defendants
and 73% for white defendants.”

Anwar, et al., The impact of jury race in criminal Trial, 127 Quarterly
Journal of Economics 1017, (2012)



N

Red Flags

Limiting Instructions:

J1LL NOILVINIS3d

Deliberating groups were obedient to judge’s limiting instruction
concerning prior convictions but convicted persons at a higher
rate when they knew about a person’s prior record

Vidmar & Hans, American Juries: the Verdict, p. 162 (2007)




Red Flags 18

S3dd

“The reliabillity test adopted in Rule 702 appears, at least in wé’r’ren
appellate opinions, to be rarely used in practice fo test religbility
and, when used, it tends to exclude defense withesses.”

Brandon L. Garrett & M. Chris Fabricant, The Myth of the Reliabllity
Test, 86 Fordham L. Rev. 15659, 1581 (2018).



Red Flags 19

359ad

“To be blunt: expert testimony In civil cases Is hobi’ruollygqnd
stringently assessed under the Daubert factors. The same cannot
be said of expert testimony in criminal cases. Rather, criminal
cases favor admissibility over a rigorous assessment of reliability
(the so called ‘weight v. admissibility’ argument).”

Jessica G. Cino, An Uncivil Action: Criminalizihg Daubert in
Procedure and Practice fo Avoid Wrongful Convictions, 119 W.
Va. L. Rev. 651, 656 (2016)



Red Flags 20

359ad

“An analysis of post-Daubert decisions demonsirates that Whﬁeos
civil defendants prevail in their Daubert challenges, most of the
time criminal defendants almost always lose their challenges to
government proffers. But when the prosecutor challenges a
criminal defendant’s expert evidence, the evidence is almost

always kept out at trial.”

Peter J. Neufeld, The (Near) Irrelevance of Daubert to Criminal
Justice and Some Suggested Reforms, 95 Am. J. Pub. Health S 107,

$109 (2005
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OPTIONS FOR THE COURTS 2

DO NOTHING

ALLOW EXPERT OPINION TESTIMONY ON ACTIVITY-LEVEL
PROPOSITIONS

RELY ON PROCEDURAL SAFEGUARDS SHORT OF EXCLUSION, IE.,
CAUTIONARY JURY INSTRUCTIONS, DEFENSE EXPERT TESTIMONY

EXCLUDE DNA EVIDENCE IN SITUATIONS WHERE THE CASE
CIRCUMSTANCES DEMONSTRATE AN UNREASONABLE RISK THAT THE
DNA IS NOT ASSOCIATED WITH THE CRIME.



VALIDATION o

. GROUND TRUTH SAMPLES

SAMPLES BEAR THE CHARACTERISTICS OF WHAT WE EXPECT TO
SEE IN CASE WORK

SAMPLES SHOULD ACCOUNT FOR ALL OF THE VARIABLES THAT
CAN IMPACT THE ACCURACY OF A CONCLUSION IN CASEWORK

. THE STUDY SHOULD DETERMINE WHAT CIRCUMSTANCES CAUSE

THE METHOD TO FAIL

. HIGHER DEGREES OF VALIDATION ARE REQUIRED WHEN THE
CONSEQUENCE OF A FAILURE IS HIGH



BENEFITS OF MOCK JURY STUDIES o3

 We can use fact scenarios where that approximate
oround truth.

 We can control mock jurors’ exposure to different
conditions

 We can assess whether specific procedures help
mock jurors get the correct result



Future research 24

1. Look at circumstances where the system failed or where the
recovery of Irrelevant DNA could very easily have caused the
system to fail under slightly different circumstances. (Annie%Le)

2. Create fact scenarios based on demonstrated instances of indirect
transfer in the lab or TPPR studies



Contact information

» Email: schmid.jd@gmail.com

john.schmid@pubdef.state.mn.us

» Phone: 218-349-1372 (cell)
218-302-8823 (office)

N
O

3711 NOILVINISFad
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Guidance documents for evaluative reporting

in forensic science: European developments

Communicating Forensic Findings Workshop: Current Practices and Future Directions

Alex Biedermann
University of Lausanne (Switzerland)
Faculty of Law, Criminal Justice and Public Administration

25th and 26th June, 2024
National Institute of Standards and Technology (NIST)
National Cybersecurity Center of Excellence (NCCoE) M.

UNIL | Université de Lausanne



What will | talk about?



Practitioner guidance for evaluative thinking (2010-2020)

Royal Statistical Society (2010) European Network of Forensic Inns of Court College of Advocacy The Royal Society & Royal
Science Institutes (ENFSI, 2015) & Royal Statistical Society (2017) Society of Edinburgh (2020)




The ENFSI Guideline for Evaluative Reporting
in Forensic Science:

What is the institutional background and
context of development of the ENFSI
Guideline?



ENFSI Board: “Statement regarding interpretation”

Ref code: BRD-GEN-004 issued 6th July 2010 , Annual Meeting Prague

ENFSI wishes to promote consistent and reliable scientific information
through the whole forensic process from the scene of crime to court. It rec-
ognizes that it is of vital importance to interpret potential forensic evidence
in the context of a case, using all available information*; reporting results
of analysis alone may be misleading.

The ENFSI Board plans to undertake actions to agree a standard for the in-
terpretation of forensic evidence and to provide the necessary support for
implementing this standard within the membership.

*Today we would say task-relevant information



Direct Grants - “Monopoly Programmes”

ENFSI’s Monopoly Position and Action Grant

In 2009 the European Commission has decided to grant ENFSI the monopoly
position concerning forensic science in Europe. As a result of this decision the
EC allocated a specific action grant for ENFSI to spend on project work.

ENFSI’s “M1 Project” Sheila Willis (Principal Investigator)

Developing and implementing a standard for the evaluation
of forensic evidence whilst providing some educational
support in statistics for practitioners across Europe.

Dr. Sheila Willis*

*Image source: https://x.com/sideliner2


https://x.com/sideliner�

In what sense is the ENFSI Guideline more
than just a guideline?



More than just a guideline: Roadmap towards change

eProviding training :
guideline (i.e. fram
ircumstance, prop:
ratio, workshops pt
It is recognized that the implementation of the Guideline for evaluative reporting is a chal- °Identifying what is
lenge in itself and below is proposed the key elements of a roadmap that should help labo- reports (compared
ratories in this task. investigative report
eTraining should inc

Training testing.
*Providing informat

stakeholders (e.g. ¢
. Eecidingdon a Isl'.rategy to;zpr?‘ach each judiciary, mandatin
orensic discipline covere the
Managing laboratory (fc?cus groups, Ieatjers in each to _the_Cha,nges a,SS(
the change iscipline, etc.) guideline in particu
« Adopting a project plan with defined information at the
objectives and timeline the reporting pract

[ Roabmar]

* |dentifying key personnel responsible for
the implementation

ENFSI Guideline (2015, p. 124)
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What is the theoretical background of the
ENFSI Guideline?



Statistics and the Law & Forensic Inference and Statistics

Fienberg (Ed.) (1989) Aitken/Stoney (Eds., 1991) Gastwirth (Ed.) (2000) Taroni et al. (2014) Robertson et al. (2016)

Aitken et al. (2020) Banks et al. (2021) *Image sources: CRC Press, Ellis Horwood, John Wiley & Sons, Springer



How original is the ENFSI Guideline?



How original is the ENFSI Guideline?

Contents lists available at ScienceDirect

Science and Justice

journal homepage: www.elsevier.com/locate/scijus

Standards for the formulation of evaluative forensic science expert opinion

AFSP Standard (2009)

in: Science & Justice, 49,2009, 161-164.

ENFSI Guideline

Additional features: Guidance notes,
Case examples, more EU-compatible.



www.elsevier.com/locate/scijus

What is the central conceptual challenge that
the ENFSI Guideline is trying to address?




Bridging a gap

The challenge of practical application

¢ “(...) no mathematical result is self-applying,
and additional argument is necessary to bridge
the gap from a general mathematical truth to a

substantive application - in law as in any other
domain.”'

Prof. David H. Kaye*

]Kaye D. H. 1999, Clarifying the burden of proof: what Bayesian decision rules do and do not do,

International Journal of Evidence & Proof, 3,1-28.
*Image source: https://pennstatelaw.psu.edu/faculty/kaye

= ...it’s all about asking the relevant questions



https://pennstatelaw.psu.edu/faculty/kaye

Is the ENFSI Guideline “Bayesian”?



The ENFSI Guideline is about inference

Inference: the reasonable reasoning under uncertainty

Asking the relevant question

“(...) the single most important advance has noth-
ing to do with technology (...). It tells us the most im-
portant lesson for the logic of evaluative forensic sci-
ence: consider the probability of the evidence, given

the proposition.”
Dr. lan W. Evett CBE*

I.W. Evett, Evaluation and professionalism, Science & Justice 49 (2009) 159-160, at p. 159
* Image source: https://www.principalforensicservices.com

)


https://www.principalforensicservices.com

Why are the recommendations in the ENFSI
Guideline fundamental?



What is the structure of the ENFSI Guideline?




What is the structure of the ENFSI Guideline?

Document structure

Scope

Evaluative reporting
Standard framework
Guidance notes
Glossary

13 pages

ok Wb

References
Case examples
Audit template

4.1

4.2
4.3

4.4

Reporting
requirements
Propositions

Data used to
assess the
strength of the
findings

Meaning of the LR
in an evaluative
report



What is the scope of ENFSI Guideline
(Chapter1)?



What is the scope of the ENFSI Guideline?

Domain of application: What is reporting?

¢ The Guideline applies only to evaluative reports for
use in courts.

* Not covered: Investigative, intelligence and
technical reporting.




What is evaluative reporting and when
should an evaluative report be produced
(Chapter 2)?




What is evaluative reporting and when should an evaluative report

be produced?

“Evaluative reports for use in court should be produced when two conditions are
met:

1. The forensic practitioner has been asked by a mandating
authority or party to examine and/or compare material
(typically recovered trace material with reference material
from known potential sources)

2. The forensic practitioner seeks to evaluate findings with
respect to particular competing propositions set by the
specific case circumstances or as indicated by the
mandating authority.” (p. 6)

= Section 2 of the ENFSI Guideline



The core of an evaluative report: assessment of the value of the

findings

Assessing the value of the findings, not opining on the competing propositions

e “Evaluation (...) is based on the assignment of a likelihood ratio.
® The likelihood ratio measures the strength of support the findings provide to
discriminate between propositions of interest.” (at p. 6)

. Key element of the ENFSI
_~~7"7 guideline

e
7/
/
/

/ E Probability of result if proposition ] =

Probability e 1is true and the information.
(likelihood ratio) _[ Probability of result if proposition ]
_J

2 is true and the information.
_

e

focus on: « the probability of the findings given the
propositions and the information - and not the reverse »




What is meant by the “Standard Framework”
(Chapter 3) in the ENFSI Guideline?



The “Standard Framework”

Questioning the evaluation process: Three notions to understand the standard
framework

Hierarchy of

Propositions el
P Propositions

What are key issues? (Glossary, p. 21)

“The key issue(s) represent those aspects of a case on which a Court, under
the law of the case, seeks to reach a judgement. The key issue(s) provide
the general framework within which requests to forensic practitioners and
propositions (for evaluative reporting) are formally defined.”

= Evaluation is a process, and you may want to question that process critically.



What do the “Guidance Notes” of the
ENFSI Guideline say (Chapter 4)?



What do the “Guidance Notes” of the ENFSI Guideline say?

4 Guidance Notes:

1. Reporting requirements: Balance, robustness, transparency and logic
2. Propositions
® How to choose a level in the hierarchy?
® What if no proposition(s) is (are) available?
® When and how to change propositions?
3. Data and expert knowledge used to assess the strength of the findings and
assignment of likelihood ratios
4. Meaning of the likelihood ratio in an evaluative report
® Example of a verbal scale



What does the ENFSI Guideline say about
data and expert knowledge used to assess
the strength of the findings and assignment
of likelihood ratios?



Data and expert knowledge for likelihood ratio assignment

ENFSI Guideline: transparency in probability assignment

e “(...) probability assignment is not arbitrary or speculative, but is based on a
body of knowledge that should be available for auditing and disclosure.”
(p-16)

¢ Data “hierarchy”: “Such data can take, for example, the structured form of
scientific publications, databases or internal reports or, in addition to or in
the absence of the above, be part of the expert knowledge built upon
experiments conducted under controlled conditions (including case-specific
experiments), training and experience.” (p. 19)




What are the benefits of the ENFSI Guideline
and what are the prospects for change?



Benefits and perspectives of change

Conclusions

® Principles that are well established and reasonably practicable
® Resistance

limited resources (reduction of workflow)
adherence to traditional modes of thinking

® Keeping the status quo also has a cost

e Reduction and control of the points of attack of the forensic expert’s
work: change is in the scientists’ own interest

16 / 16



Thank you for your attention.

Wil

UNIL | Université de Lausanne



When, how, and for whom?

Anders Nordgaard, PhD, LL.D h.c., forensic specialist
Swedish Police Authority — National Forensic Centre (NFC)

NIST Workshop, Gaithersburg, Md June 25-26, 2024




Outline

Polisen

e Categorizing casework —when is evaluative reporting needed?
— Sources of uncertainty
— Clarifying the forensic questions

* Simplifying the expression of the value of evidence — scales of conclusions
— Robust assignment

* Training forensic experts, investigators, prosecutors, judges and defence

attorneys
— Nordic law and normative framework
— Who is the commissioner of forensic investigations?
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Categorizing casework — when is evaluative
reporting needed? Polisen

Sources of uncertainty (in forensic investigations)

Category 1
* accuracy (measurement uncertainty) |
 handling of material (contamination, mixing-up etc.) piy

human factor in general

Such sources should normally not motivate evaluative reporting

e Measurement uncertainty is typically provided in technical reports

e Contamination, mixing-ups, human factor error are all unacceptable
errors and should not be quantified and accompany a forensic
conclusion — Should be handled by the quality assurance system.




Category 2
 onlya(random) sample of the seized material is analysed

Typical in screening analysis (e.g. identifying analysis of suspected drug material).

Conclusions should be accompanied with a statement of uncertainty reflecting

the sampling error (“With 99% probability 50% of the consignment consists of
Ecstasy pills”)



Category 3 Polisen

rarity/commonness in general of the characteristics AN\ /
observed/analysed . ;3 '
mechanisms of transfer, persistence and background & :}K 1y /
levels of material 2 S

This is the dominating source of uncertainty when the forensic question is about
source attribution, competing activities or classification with no established

criteria.

Requires evaluative reporting!



Clarifying the forensic questions (at NFC)

Descriptive

(results, no
conclusion)

Commission

¢

Inferential

(conclusion)

Source
attribution

Activities
comparison

”Case
assessment”

 » Technical
Criteria based
Classification <,Evaluative
LR/Bayes factor

I

|

|
o |
+— Evaluative LR/BF
g

|

|

— Evaluative LR/BF
AN

—eem o Em Em o e o == = P

— Investigative



Examples

Descriptive tasks:

e What substances and with which concentrations can be found in the fire debris?
* How long is the person on the CCTV uptake?

Classification tasks with criteria-based reporting:

* Isthe document a genuine Swedish passport?
* |sthe electronic equipment a jammer?

Classification tasks with evaluative reporting:
* Do the fire debris contain (traces of) ignitable liquids?

Source attribution:

 Were the two scratch marks made with the same tool?
* Was part of the graffiti paint made with the spray can found with the suspect?

Activity comparison/attribution:

 Was the suspect’s pullover recently in contact with the car seat?
* Did the suspect kick the victim in the face or was he just standing aside?




Simplifying the expression of the value of evidence s
— scales of conclusions Polisen

The likelihood ratio (LR) (or Bayes factor (BF)) is a component of Bayes’ theorem.

There are two competing hypotheses (propositions) addresses in a case:
The main hypothesis, H,,, (usually forwarded by the prosecution)
The alternative hypothesis, H,

The forensic findings, E should be evaluated against these two hypotheses.

P(H,|E) P(Hyp,)
P IE) ~ RB X5,

Bayes’ theorem on odds form:



P(HnlE) P(H )
P E) ~ RBR X5

In many accounts of forensic interpretation, the likelihood ratio is given as

P(E] Hm) “The probability of obtaining the forensic findings if H,, is
= b(EH true divided by the probability of obtaining the forensic
(E| a) findings if H, is true.”

However, a likelihood is not by necessity a probability. If the forensic findings are
qguantified on a continuous scale, probability density functions must be used as
probative measure. Hence, a more general definition is

. L(H m; E ) “The likelihood of H,,, in light of the forensic findings divided
N L(H a E) by the likelihood of H , in light of the forensic findings.”

LR



Moreover, likelihoods are defined for a particular value of a parameter or g
a simple hypothesis. If one or both hypotheses involved are composite, it  pgjicen
is no longer valid to use the term likelihood ratio for the value of

evidence.

The general expression for the Bayes factor as value of evidence is

_ Y L(Hp i E) X P(Hp i |Hp)
Y L(Hgi; E) x P(Hy|Hy)

BF

where Hy,=U;Hp; andH,,,;NH,, ;=0 Vi#i
Ha = Uk Ha,k and Ha,ana,k’ = @ Vi# i,

Can be a challenge to assign! 10



But whether we address LRs or BFs, constructing a scale of conclusionsis @&
not about giving an absolute interpretation of neither of them. b o

Polisen

Focus on the potential posterior probabilities (or odds) they would lead to
under different settings of the prior odds.

One possibility is to take as an average setting the maximum entropy.

Likelihood Ratio scale

Maximum prior entropy would be even odds, i.e. P(H,,,) = P(H,) = 0.5

Assuming exhaustive hypotheses, the posterior probability will be

P(Hw|E) = 7977

11



Decide upon how many H,,,-supporting levels you wish to have in the
scale.

Polisen

For each level (or a subset of levels), decide upon a sufficiently high posterior
probability — reflecting end-users’ interpretation of levels of probability with
respect to their appreciation of evidentiary strength.

With even prior odds you can for each level deduce the LR as

o — _PHn|E)
LR+ 1 1—-P(H,,|E)

P(Hp|E) =

12



At NFC, we chose 4 levels (in 2004): +1, +2, +3, +4

Polisen
For +2 we decided that this is a level that with even prior odds should give a
posterior probability of at least 99%.

99% is a probability level for which there is a wide-spread acceptance among legal
professionals that something is corroborated (however, not proven).

+2 should thus — if prior odds are even or higher - be sufficient for detention.

For the highest level, we set the LR to be at least one million — this magnitude was
at the time a lower limit for a full match in DNA (siblings excluded).

With even prior odds a LR of one million gives a posterior probability of 0.999999.

Sufficiently high for considering H,,, proven beyond reasonable doubt.
13



Level +1 and level +3 would correspond to LRs given a regular

increase of the intervals between the levels. e

Polisen
The rest is math and rounding-off.

prior odds posterior odds
A . x / Level | Posterior probability | Lower limit for LR
,,f’ P(H, | E)
-’ P
T ) | >0.999999 10°< LR
Even prior | o25ree="2 0 - +3: | >0.9998 6000 < LR
odds ~ FTTCTTTTTTTIEES > +2: > (.99 100 <LR
+1: > (.86 6<LR
0: between (.14 (1/6 <LR <6)
and 0.86

14



Scale of conclusions used at NFC:

Scale level Magnitude of the likelihood ratio (V) ”Explanation”

The findings are deemed...

+3 between 6000 and one million ...at least 6000 times more probable...

+1 between 6 and 100 ...at least 6 times more probable...

...if the main hypothesis is true compared to if the
alternative proposition is true

-1 between 1/100 and 1/6 ...at least 6 times more probable...
-3 between 1/(one million) and 1/6000 ...at least 6000 times more probable...

...if the alternative hypothesis is true compared to
|f the main proposition is true



Robust assignment

oL

Tisn
It is most often the magnitude of the LR that is of interest, not its precise
value.

In most forensic disciplines it is a difficult and time-consuming task to come up
with a precise value of the LR — betting preferences work theoretically but are
hard to imply to a community that never bets.

With a scale of conclusion, the forensic expert is instructed to report the level
they are convinced is reached — but with no obligation to be more precise.

Produces a conservative report in the sense that the defence can always refer to
the lower limit of an interval.

End-users learn successively what is a high value of evidence and what is a low

value of evidence. 5



prosecutors, judges and defence attorneys Polisen

Training forensic experts, investigators,

Some points about Nordic Law

Nordic law is quite similar between the Nordic countries (Sweden, Denmark,
Norway, Finland and Iceland)

One common thing is the free sifting of evidence — almost no evidence rules.

Sweden has a bit more adversarial system than Norway and Denmark.

NFC (and other Nordic labs) reports to the preliminary investigation with the
Police (i.e. most often to the prosecutor) — not to the court.

But we must take into consideration what would be understood by the court.

17



Training...

Polisen

The in-lab trainee program at NFC

(at least) 2 years of training followed by formal examination before being
approved to be case responsible, sign reports and give statement of witness in

court

General part (to a large extent digital)
— Basic module (to all personnel working to any extent with forensic evidence) —
comprises one section on introductory evaluative reporting and forensic assessment

— Add-on modules depending on function

Evaluative reporting for classification and source attribution task using assessed
probabilities

Evaluative reporting for comparison/attribution of activities

Evaluative reporting with continuous probability distributions

Investigative reporting comprising evaluative steps

Evaluative reporting for combining evidence 8



oL

Polisen

* Function-specific part
— Casework training (incl. evaluative reporting) under supervision

Crime scene investigators

1.3 vyears trainee program at NFC preceded by one year training at a
police squad and mixed-up with such training during the program

* Investigative reporting with evaluative steps (model developed at NFC)

e 4 case studies from volume crime to severe crime

* Individual examination on an individual report on one of the case-
studies (examination focussing on the investigative/evaluative part)

19



Police investigators

Polisen
* Specific activities for target groups (comprising som evaluative

reporting)
e NEW! Evaluative reporting part of curriculum of trainee program for

investigators of severe crime

Prosecutors

e 3.5 days’ basic training at NFC within the prosecutor’s compulsory trainee
program
— Evaluative reporting taught via a complex case study throughout the days

e 3 days’ continuing training for experienced prosecutors
— 2-3 hours of evaluative reporting focussed on evaluation against
hypotheses at activity level and combination of evidence

20



Judges Polise

e 3 days’ basic training at NFC within the compulsory trainee program
— 2 hours general evaluative reporting and application in different forensic
disciplines

e 3 days’ continuing training for experienced judges
— 3-4 hours of evaluative reporting focussed on the role of the judge

Defence attorneys

 Upon request, 2 days’ training with 2-3 hours general evaluative reporting and
application in different forensic disciplines
e Specific activities (half-day courses) at regional assemblies

21
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Communicating LR-
conclusions in
forensic reports

NIST 25-26 July 2024

Marjan Sjerps, Rolf Ypma
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Numerical LR

> LRs are reported in all DNA reports

> In smaller volume in other areas such as glass, automatic speaker
identification, fingerprints, telecom, authorship

Special communication challenge: database search results
- Searches generate many “good” leads but also a few “false” leads
- It's special because other evidence may be missing completely
« NFI adds text box warning in reports




Verbal LR

“The findings are far more probable* when the fragment comes from
the window than when the fragment comes from some other glass

object”
Approximately equally probable 1-2
Slightly more probable 2-10
More probable 10-100
Appreciably more probable 100-10,000
Far more probable 10,000-1 million

Extremely probable > 1 million



Footnote (1)

This term is part of a standard verbal scale (the left column in the table).
This scale is used when the scientist has no or insufficient numerical data to
explicitly substantiate a numerical conclusion.

The selection of the sEecific verbal term is based on expert knowledge,
experience in research and casework, etc.

To promote the transparency for the reader and the uniformity among the
different experts the NFI has defined the verbal terms numerically. These
definitions are expressed in orders of magnitude and are listed in the right
column in the table below.

For example, the term ‘slightly more probable’ means that the probability of
observing the results of the investigation is considered 2 to 10 times larger
when one hypothesis is true than when the other hypothesis is true.



Footnote (2)

The conclusion expresses the evidential strength of the results
regarding the hypotheses. The conclusion does not represent the
probability that a particular hypothesis is true. That probability
depends on other evidence and information outside the domain of
forensic expertise and falls outside the scope of this report.

More information about this way of concluding is available in the
professional annex “De reeks waarschijnlijkheidstermen van het NFI”.
This annex is, among others, available through the NFI website
www.forensischinstituut.nl .



ducation

ie van Vel

> Reports include link to professional annex
> Courses / e-learnings for

police

Inhoudsopgave 1. De vakbijlage algemeen
1. Devakbijlage algemeen Het Nederlands Forensisch Instituut (NFI) kent een groot
3. Hoewordt de reeks gebruikt? het KFiyerp
g Eenmedischvoorbeeld: deHIV:test Zuiver informatif karaker. Achterin de vakbijage zin een
5. Deregel van Bayes
6. Een deDN h
7. HetBayesiaanse model voor interpretatie

judges

defence lawyers
> Infographics are being developed

van forensisch bewijs

2. Inleiding

8. Hypothesen
9. Dereeks verbale Inveel gevallen onderzoeker de vraag die
10. Eenvoorbeeld met verbale termen: hem stelt niet met

A

S

gezichts-vergelijkend onderzoek
Denkfouten

. Zekerheid/geen oordeel
. Lijstvan gebruikte termen
. Literatuur

nee beantwoorden. Eris dan een bepaalde mate van
onzekerheid over de conclusie. B voorkeur wordt deze

van een kans of een interval. Maar in sommige onderzoeken

verbale termen van waarschijnljkheid. Hierbi gebruiken
NFl-onderzoekers, waar van toepassing, een standaardreeks
van termen om hun conclusiete formuleren. Deze

zogeheten ‘Bayesiaanse model” voor de interpretatie van
bewij vakbijlage wordt dit 4
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What goes wrong? /prosecutor’s fallacy

1. We see this very often
2. With any form of conclusion: N\

-~ Random match probabilities P(EIH) P(HIE)
— Numerical LRs V

— Verbal LRs
— ‘Ticks on a line

3. Many variants, such as ‘base rate fallacy’
4. Possibly serious consequences with small prior

1: de Keijser, Elffers, Kok & Sjerps, 2009, "Bijkans begrepen”, Bijkans begrepen? | Publicatie | Forensischinstituut.nl



https://www.forensischinstituut.nl/publicaties/publicaties/2010/01/28/bijkans-begrepen

' siv P8 Netherlands Forensic Institute
Zﬁfﬁ Ministry of Justice and Security

What goes wrong? /‘comparison fallacy’

Irrelevant comparison for interpreting an LR:

> what is normal in a field, e BN - M
» Position in table, e
> Other cases mmsmm—)  Appreciably more probable 100-10,000

Far more probable 10,000-1 million

Extremely probable > 1 million

E.g., for LR=200
— “LR is usually smaller in this area, so very strong evidence”
- “LR would be tossed away in DNA, so very weak evidence”
— “4th position in table of 6, so weak.../...strong evidence”

- “I have seen other reports (in other cases) with higher / lower LRs, so
weak.../...strong evidence”



. ® Netherlands Forensic Institute
?ﬁﬂs’ Ministry of Justice and Security

What goes wrong? /'Relevance fallacy’

Ignoring the relevance and focus only on LR
> Small LR at activity level can be more valuable than large LR at

source level
relevance
strength

Value

Schum 2009 A science of evidence: contributions from law and probability doi:10.1093/Ipr/mgp002
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What goes wrong? /'Rule based reasoning’

Rule based reasoning, e.q. :

“DNA on moveable object = trash can”

“"LR smaller than 1 billion = trash can”

“LR smaller than 1 million = trash can”

“verbal LR in lower category of verbal scale = trash can”
“Database search partial match = trash can”

“Expert knew context = trash can”

a0

10
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What goes wrong? /combining LR

> Large LR with small prior (we put a warning in the report)
> Small LR with large prior
> Ignoring prior

> ‘Salami strategy’: discarding every piece of ‘uncertain’ evidence
until there is nothing left

11
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What works well?

> Explaining LR framework in different ways (numbers, pictures,
words, formulas)

“Everyday” comparisons (windforce, matching facial features)

Relating posterior probability to prior (table, graphs, various
situations)

Avoiding probabilistic terms:
- “results fit better with A than B”
— “Conclusion is like adding pebble stone in prosecutor’s scale”

Being transparent about errors and uncertainties (expected from
scientist)

12
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Main message from the three presentationsc

1. Logic of LRs is leading
2. Invest in a training and continuing education program for experts

3. Numbers are unequivocal, words are not:
- 1 mile = far (snail)
- 1 mile = close (athlete)
4, Communicating LRs is difficult, but not impossible:

— Train and test experts
— Provide communication tools: leaflets, visuals, suitable wordings, e-learnings...

— More research on effective communication is very welcome

5. Statisticians IN THE LAB = Jl




WHY IT MATTERS

OFFICE of COURT ADMINISTRATION










THE STAGE: TEXAS
2015/2016

Issues with application of CPI/CPE
statistic to DNA mixture evidence in DC.

Same issues existed in Texas, to a greate
or lesser degree depending on the
laboratory.

State embarked on a massive review of
DNA mixture cases where CPI/CPE used.

During this process, prob gen was around
the corner.

And we sped that train along....with
training but without an ENFSI roadmap.




HOWARD WAYNE LEWIS: CAPITAL MURDER

« In 2018, Lewis was convicted of murdering his 18-month
old son. The baby was hanged over the bathroom door. His
grandmother (and caretaker) was beaten to death.

« Lewis was estranged from mom and lived in Dallas; the
murder occurred in Huntsville (2.5 hour drive).

 The jury sentenced Lewis to death.

« When the DNA testing was done in this case, Texas DPS
had just finished validating and launching STRmix.

OFFICE of COURT ADMINISTRATION




HOWARD WAYNE LEWIS: CAPITAL MURDER

« In 2018, Lewis was convicted of murdering his 18-month-
old son. He was sentenced to death.

« When the DNA testing was done in this case, Texas DPS
had just finished validating and launching STRmix.

« They had—at the time—a likelihood ratio range they
deemed to be “inconclusive.” For minifiler, the DNA analyst
thought the range was .01 to 1000.

OFFICE of COURT ADMINISTRATION
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HOWARD WAYNE LEWIS: CAPITAL MURDER

At the time the following was true:

« They were used to an inconclusive range, and having it
was perceived as a “conservative” approach;

« They didn’t have confidence in their ability to explain that
the lower LR’s may include adventitious matches from their
validation;

« Dad (ESR) said it was okay.

OFFICE of COURT ADMINISTRATION




11 Q. One more thing. Can you tell me what the 1ikelihood
12 | ratio for Howard Lewis was?
13 MR. BLAZEK: Your Honor, I made that objection

14 | early with regard to the other witness.

15 THE COURT: Right.
Testimony 16 MR. BLAZEK: I would make that same objection to
. B ~=~F 17 | her and ask it be considered at this time.
re: Mini-
. 18 THE COURT: Yes. The objection is overruled.
Fller 19 | You may answer.
Analysis Of 20 THE WITNESS: May I refer to my notes?
- 21 THE COURT: If you can, yes.
White Rope

22 A. 995.
23 Q. (By Ms. Stroud) And when you get to a thousand

24 | you're 1included?

25 A. It would be over a thousand, so a thousand and one

OFFICE of COURT ADMINISTRATION




s 5 would be an inclusionary rage.
MInI_FIIer Q. And he was?
Analysis of A oo
White MS. STROUD: I pass the witness, Your Honor.
MR. BLAZEK: May I have a running objection?
Rope THE COURT: Yes, you may.

OFFICE of COURT ADMINISTRATION
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12
13
14
15
16
17
18

19

And you know, I guess maybe I was in a different
courtroom or maybe it's because I'm just a Tawyer and I didn't
take science classes and I'm not a DNA analyst. But do you
remember this? And you remember those girls with all that
education, do you remember what they said? This is a number
scale. And the way we decide where you go on this scale is by
a number. And do you remember when I asked Clare, so you're
telling me that when you use words like excluded and
inconclusive, you're not speaking the same language we are?
And she said no, ma'am. Those are our words. They don't mean
what you think they mean.

Mr. Blazek wants to stand up here and tell you
that that DNA exonerated Howard Lewis. And guess what? I can
give you 995 reasons why he's not exonerated. 995. It takes

1,000 to be included. 995.

OFFICE of COURT ADMINISTRATION




CALL FROM FRANK BLAZEK (DEFENSE)

« "I think the DNA analyst misstated the upper end of the
inconclusive range.” It should have been 10,000 for
minifiler.

OFFICE of COURT ADMINISTRATION




THINGS ARE GETTING BETTER

8 YEARS IN....
« Not all labs have transitioned to STRmix.

 DPS ended up having to review all its “inconclusive” cases
because a handful of them actually were exclusionary LR’s
(where NOC was overstated). AND THEY DID IT.

« Not all labs have transitioned to prob gen but most are in
the process.

« Communication is better but still hard.
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ON THE HORIZON: WE MUST ADDRESS

Evaluative Reporting in All Other Disciplines: How? When?

Activity Level Reporting

* Right now, we answer “is it possible” questions all day;

* We can transition to talking about the probability of the
evidence given two mutually exclusive activity
propositions. HOWEVER:

There is no UNIL here—not even close.

Risk of ad hoc pseudo evaluations on the stand is HUGE

No idea how to properly analyze the data/build a Bayes net;
Traceability!

Transparency!

OFFICE of COURT ADMINISTRATION
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