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Disclaimer

@ In this talk | will make some strong statements
@ Don't take them personally — | don't

@ | wish to encourage debate, reflection, and possibly change
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Who is James Curran?

@ 1995-1997: PhD (Statistics): Interpretation of Forensic Glass
Evidence

1997-1999: Post Doctoral Fellow with Professor Bruce Weir

@ 1999-2005: Lecturer Statistics, University of Waikato

2005-: Assoc. Prof. Statistics, University of Auckland

2001-2010: Consulting Forensic Scientist to the UK Forensic
Science Service

@ 1995-: Long standing research and practice association with
ESR (John Buckleton) NZ

Last 15 years involved in forensic research, forensic education, and
forensic practice.

James M. Curran Statistics in Forensic Science 3/ 68



James is grumpy
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Fingerprints
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There have been a few statistical models proposed over the last
120 years for fingerprints

@ Galton, 1892 @ Osterburg, 1977
@ Henry 1900 @ Stoney and Thornton, 1985
@ Balthazard 1911 @ Champod, 1995
@ Bose 1917 @ Neumann, Champod, Puch-Solis,
@ Wentworth and Wilder, 1918 Egli, Anthonlo.z, and
Bromage-Griffiths, 2006
@ Roxburgh, 1933
@ Egli, 2009
@ Cummins and Midlo, 1943
@ Su and Srihari, 2009
@ Amy, 1946 .
@ Dass and Li, 2009
@ Trauring, 1963
@ Choi, Nagar, and Jain, 2011
@ Kingston, 1964 .
@ Lim and Dass, 2011
@ Gupta, 1968
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David Stoney

Measurement of Fingerprint Individuality, in Advances in Fingerprint
Technology

@ From a statistical viewpoint, the scientific foundation for
fingerprint individuality is incredibly weak.

@ dozen or so statistical models proposed

@ vary considerably in their complexity, but in general there has
been much speculation and little data

@ None of the models has been subjected to testing
@ The most difficult challenge will remain the growth and

acceptance of scientific practices in the fingerprint profession
itself oL
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W. Morris (2011) in Fingerprint Whorld

It may well be possible to compile a statistical database for
fingerprints, however there would need to be considerable
work done to assess whether it is an achievable...

A working analytical model will then need to be created to
analyse the data and present it. This project may take years.
...will have to be rolled out, first to practitioners and then the
customers of fingerprinting, primarily the courts. ... A change
of this significance will receive challenges immediately.

The cost of research, training and then defending the new
methodology will be significant.

Then there is the question of who is asking for it?
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Assessment

@ Significant scientific effort in developing interpretation models

@ No uptake

e Both Neumann and Champod less pessimistic

e Champod (Pers. Comm.) reports significant interest in new
models following 2006 DOJ review of Mayfield case and 2011
UK Fingerprint Inquiry
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Glass Evidence Interpretation - Rl

In comparison with fingerprints

@ Glass is also a very mature evidence type
@ Glass evidence is easily quantifiable (RI, elemental)

@ Reasonably good agreement amongst practitioners on
standards and methods for glass measurement

@ In some sense there are good statistical models (or at least
the results are amenable to standard statistical methods)

@ Considerable research not only on quantification, but also less
tangible phenomena such as transfer and persistence
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Glass Evidence Interpretation - Rl

o | will pick Evett (1977) as a starting point, although there are
notable others such as Parker (1966), Sosin (1976).

e Considerable development of statistical methods/aids to
interpretation through the 80s and 90s

@ Notably Buckleton and Evett (1990) working on Bayesian
interpretation making Lindley (1977) practical, and feasible
for casework implementation

@ Much of this work is summarized in Curran, Hicks and
Buckleton (2000)

@ | have spent considerable time speaking and teaching on this m
subject over the last 15 years
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What is the state of play in glass?

Collaborative Testing Services (CTS) has a nice 2011 report Glass
Analysis Test No. 11-548 Summary Report 1 which discusses the
results of a test consisting of three samples of glass fragments, two
with common source (a Pyrex® dish) and one from a different
source.?
@ 111 laboratories from around the world took part (out of 142
solicited)
@ 14 (12.6%) presented results using the phrases supports the
proposition that or the evidence is more likely if
@ Should | be happy that approximately 1 in 8 labs are using our
work?

"http://www.ctsforensics.com/assets/news/3148_Web.pdf

2CTS disclaimer: ...the results compiled in the Summary Report are not y
intended to be an overview of the quality of work performed in the profession N
and cannot be interpreted as such
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Positive points

@ Collaborative proficiency tests such as these do strengthen our
field

@ Many labs who stated that they could not distinguish
(statistically) acknowledged that there could be other possible
sources

@ Several labs also provided a frequency or percentage of
matching glass in their own databases (i.e. measures of both
match strength and relative rarity)

@ Only one lab made a statement of source identity
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But at least no-one said 'consistent with' right?

The most useless phrase in forensic science

Wrong:

@ The questioned glass (item 2) was consistent with the known
glass (item 1) with respect to their physical properties, density
and refractive index

@ Two labs used this (almost) identical phrasing - possibly the
same SOP?

@ As noted, only one lab made an unequivocal statement of
source identity for the two samples that were supposed to

match. Most labs said ...could have come from...

@ However, most labs did unequivocally exclude
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Exclusions

Assuming a standard deviation of 4 x 107° for RI, samples 1 and 2
are 1 standard deviation apart, and samples 1 and 3 are 2.05
standard deviations apart

P-value from a Normal distribution is 0.042
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Assessment

@ Significant scientific effort in developing interpretation models

@ Minor uptake
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Elemental composition evidence

(a) Ca (b) Na
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Elemental composition of glass

e Many laboratories now offer elemental analysis (of glass) as
well as or instead of RI.

@ Techniques are mostly now (LA)-ICP-MS, 1-XRF, SEM-EDAX
@ LIBS is the new kid on the block

@ Statistical practice varies a great deal
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Statistical methods for elemental composition of glass

Spider plots
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Statistical methods for elemental composition of glass

e Range overlap methods (range, or 2,3,40)

@ Multiple t-tests

@ Bonferroni corrections

All of these methods ignore correlation / dependency between
elements
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Correlation and compositional data

Just because you can't detect (linear) correlation / dependency
doesn’t mean it isn't there
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Correlation and compositional data

Just because you can't detect (linear) correlation / dependency
doesn’t mean it isn't there
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Can we deal with the dependencies between elements?

o Hotelling's T2 (1931) - multivariate analogue of the
two-sample t-test

@ Published specifically in relation to glass by Curran et al. in
1997.

@ This is mentioned in 2004 NAS report “Weighting Bullet Lead
Evidence” — along with substantial moaning about why it isn't
appropriate
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Why we can't use Hotelling's T2

Three common reasons
@ Unrealistic sample size considerations
e To use Hotelling's with measurements on p elements you need
a total sample size of p+1
o Common misunderstanding: total sample size, not recovered
sample size
e This was unrealistic with acid digestion, however laser ablation
diminishes this reason
@ Assumption of multivariate normality (MVN) is untestable
(and unjustified - how would we know?)
e The method is quite robust to departures from normality
o If you don't want to assume MVN don't. Fisher (1935) and
Pitman (1937) introduced permutation testing
o Described for Hotelling's T2 and with free software by
Campbell and Curran (2009)
@ It is not “Bayesian”
o True, it isn't. Addressed in a second publication by Curran et |
al. (1997) P
e Better solution is Aitken and Lucy (2004
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Assessment

@ Significant scientific effort in developing interpretation models

@ Minimal uptake
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DNA
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DNA

e Comparatively new evidence type:

o Jeffreys had a “eureka moment” in his lab in Leicester after
looking at the X-ray film image of a DNA experiment at 9:05
am on Monday 10 September 1984 [Source: Wikipedia |

o Peter Gill was the first forensic scientist to work with Jeffreys
in 1985, publishing on the subject that year

@ NAS 2009 report news release: “Nuclear DNA analysis has
been subjected to more scrutiny than any other forensic
discipline” 3

@ One would think that with such a ringing endorsement that
methods of DNA interpretation were beyond reproach

3
[Source: http://www8.nationalacademies.org/onpinews/newsitem.aspx?RecordID=12589]
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Given the developement (and gold standard status) of

DNA...

Why do | still encounter forensic scientists who:

@ report nothing other than "“the evidence is consistent with the
suspect being a contributor”

e report RMNE/CPI type calculations in (almost any) mixture
case
@ Ignore or deny the existence of population substructure
- Both HWE and LE are demonstrably false.
o refuse to report LT-DNA cases

- there is nothing magical about 28 versus 34 cycles
- issues such as contamination (drop in), allelic drop out, and
stutter are a feature of both
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CPI/RMNE

Reasons for using CPI/RMNE

@ Avoids the need to specify the number of contributors
o Easy to calculate
o Easy to explain to the jury

Reasons for not using CPI/RMNE

@ It does not answer the question the court is interested in
o It wastes genetic (and therefore evidential) information
Weir - “...often robs the items of probative value”

@ Smacks of satisfying the requirement to present a number to
the court
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Assessment

@ Significant scientific effort in developing interpretation models

@ Hugely inconsistent uptake
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It is easy to explain to the court

A question for you, the audience:

Is explaining the likelihood ratio (or other statistics) to the court
any harder than explaining:

@ How an ICP-MS works? Especially if you are asked about ion
optics, quadrupoles and charge to mass ratios?

@ How an ABI PRISM 3100 works? PCR? Capillary
electrophoresis?

Is there a list of “acceptable black boxes” for the court?
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Reasons

"COMPUTER SAYS NO"
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Reasons: #1 Statisticians

@ Too academic

e Unable or unwilling to simplify explanation to facilitate better
understanding

e Unable or unwilling to find acceptable compromises to the
“best” solution

o Different objectives - e.g. “Will | be able to get a (statistical)
publication from this?" or “Will this add something to my
cv?"

e Disengaged from the problem / casework

o Looking for the “easy win”
o Not prepared to invest the time in understanding the problem
adequately

@ Unaware of court room proceedings and complexities
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Reasons: #1 Statisticians

@ Preaching - it is very easy to get caught up in “religious
fervour” associated with methods of evidence interpretation
o lan Evett (1977) - “There is no assertion that the foregoing
discussion describes the correct method for interpreting
refractive index results. Indeed, there is no correct method and
one can search only for an optimum which would inevitably be
the end product of several compromises, not the least of which
arising from the requirement that the final results should be
capable of explanation to a jury.”

@ Statisticians don't always recognize that ‘slagging’ the current
modes of interpretation is not the best way to start a
conversation with practitioners

@ This is just a nice way of saying that some academics don't
have good social skills
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Reasons: #2 Quasi-statisticians and enthusiastic amateurs

@ Completing a single course in statistics does not qualify you as
an expert in the subject

@ Neither does having a “statistical component” in your field of
expertise (e.g. medical practitioners should be conversant in
the language of clinical trials)

| realise that making such a statement might exclude a lot of
people who make valuable contributions. What does qualify?
@ A demonstrable involvement in research into interpretation
issues
@ Having taught the subject, especially in relation to forensic
science
Please note: Commenting on forensic issues as a retirement
hobby might seem like a good idea but it is not.
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Reasons: #3 Software

@ Statistical models for evidence interpretation are becoming
increasingly complex
e The literature describing these models is often written for

@ completeness/validation
@ other experts/statisticians/programmers
@ the latter two options are not optimized for readability

@ Software for interpretation is sometimes very expensive

o Expensive to produce

e Main source of income for some individuals/companies

e Point to bear in mind: How much does a software licence cost
in relation to a new ABI Prism 3500, ICP-MS, LIBS machine?

@ Free software is unsupported, unvalidated, hard to use

e True, but you could view this as a community effort
o Take Linux as an example (the world's most dominant internet
server platform)
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Reasons: #4 Legal Rulings

@ R v Doheney and G. Adams [1997] 1 Cr App R. 369, R v D.
Adams [1996] 2 Cr App R 467 and R v D. Adams [1998] 1 Cr
App R 377

- “to introduce Bayes’ Theorem, or any similar method, into a
criminal trial plunges the jury into inappropriate and
unnecessary realms of theory and complexity deflecting them
from their proper task.”

- “evaluate evidence and reach a conclusion not by means of a
formula, mathematical or otherwise, but by the joint
application of their individual common sense and knowledge of
the world to the evidence before them”

e RvT

- @90 “It is quite clear therefore that outside the field of DNA
(and possibly other areas where there is a firm statistical
base), this court has made it clear that Bayes’ theorem and
likelihood ratios should not be used”
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A question (or two) | would like to ask the law lords

“Your honours, do you believe that a juror should update his or her
belief about the guilt or innocence of a defendant based on the
evidence presented to them?”

“Do you understand then that Bayes' theorem is simply a
mathematical embodiment of this idea?”
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Lawyers and (some) practitioners love this

@ Parts of the legal community will be rubbing their hands in
glee because these type of rulings give them an immediate
avenue for challenge in every future case. This means

- continued allegations of using biased, flawed, or discredited
methods

- continued ignorance/misunderstanding about the probabilistic
nature of evidence

- continued reliance on dangerously incorrect inferences, “the
evidence is rare in the population therefore it must have come
from the defendant.”

@ Members of our own forensic community will see this as

- a reason not to improve methods of evidence interpretation

- a justification to adhere to the match/non-match paradigm

- a reason to not use, or misuse, databases

- or to reporting solely relative frequencies in populations, or
P-values
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The press love our failures as much as our successes

guardian
News | London 2012 | Sport Comment Culture Business | Money
A formula for justice
Bayes' theorem is a mathematical equation used in court cases to

analyse statistical evidence. But a judge has ruled it can no longer
be used. Willit result in more miscarriages of justice?

7 Angela Saini
guardian.co.uk, Sunday 2 October 2011 21.30 BST
E Jump to comments (63)

e
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Reasons: #5 Religious debates

@ There is a holy war in statistics that has been going on for
around 100 years

@ This is not religious in the usual sense, although | did find this
whilst researching this talk

MAIN

Less Wrong is a community blog devoted to refining the art of human rationalty. Please visit our About page for more
information.

A Bayesian Argument for the Resurrection of Jesus

@ The two camps are Frequentists and Bayesians

@ (Religious) Frequentists and (religious) Bayesians disagree on
the fundamental definition of probability

@ There are numerous articles/debates/talks on subjectivism

@ The courts are not usually interested in the merits of biased
or unbiased estimation
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Reasons: #5 Religious debates — The Bayesian approach

@ This debate is problematic for us because it provides a cheap
shot at an expert witness

@ The Bayesian/Frequentist debate in statistics really does not
relate to issues before the court

e | would argue it is (primarily) a battle between academic
statisticians/lawyers/forensic scientists and not practitioners

@ Such arguments take our attention away from the real issues

@ What is important to note is that you do not have to be a
“Bayesian” to use Bayes' rule — at its simplest it is a
mathematical statement

@ Some of my colleagues prefer to call it a “logical approach.”

| personally prefer 'the likelihood ratio (LR) approach”
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Reasons: #6 Practitioners

You thought you were off the hook didn’t you?

@ Dislike of change
- "“I've been doing it this way for 32 years..”

- Rv T @59 “It is important to note, however, that, on the
evidence we received, not all examiners within the FSS use the
approach; some simply use their experience and have scant, if
any, regard to databases.”

- Giannelli (2012): “When people have a great deal invested in
the status quo, recalcitrance is frequently robust. Science is no
exception...”
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Reasons: #6 Practitioners

@ High profile individuals and institutions engaging in negative
and vituperative debates for the sole purpose of winning an
argument

e Constrained by standard operating procedures / management

@ Management fear of exposure to litigation over historical case
work

- refusing to examine your practices won't help
- eventually this will bite you in the ass

@ Fundamental fear of statistics

- completely understandable
- needs recognition that it is part of the job
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Reasons: #6 Practitioners

@ Defensive attitudes:

e "“Third great damage is done to the fingerprint domain not by
our studies and research, but by the attitude and defensive
responses to it, as exhibited from the Chair of the Fingerprint
Society. A professional and scientific response to the media by
the fingerprint community will only enhance this domain.”

[Dror and Chartlon (2007), responding to Martin Leadbetter in Fingerprint Whorld ]

@ Dogmatic defense of current practice is contrary to the ideas
of scientific progress
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SILENT INJUSTICE: Bullet Proof?

FBI's Forensic Test Full of Holes

Lee Wayne Hunt is ane of hundreds of defendants whose convictions are in question now that
FEl forensic evidence has been discredited.

By John Solomon
Washington Post Staff Wiiter
Sunday, November 18, 2007, Page A01

Hundreds of defendants sitting in prisons natiorwide have been convicted with the help of
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takce steps to alert the affected defendants or courts, even as the window for appealing
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convictions 15 closing, a joint investigation by The Washington Post and "80 Minotes" has w

found.
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Reasons: #7 Forensic science programmes

| imagine that a good number of you expected that this would be
the first thing | would ‘bag’
@ The ‘CSI effect’ has lead to a drastic increase in educational
institutions offering forensic science programmes
- Perceived as a way to revitalize ‘failing’ science programmes
- ‘sex-up' biology, chemistry, (accounting, computer science,
mathematics, nursing)
@ Tregar and Proni (2010) report that in the US the number of
colleges or universities offering degrees in forensic increased
from 21 in 1975 to 120 in 2007

@ Tregar and Proni also report that only 15 of these
programmes have Forensic Science Education Programmes
Accreditation Commission accreditation.
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What do crime lab directors want?

Furton et al. (1999) surveyed crime lab directors on their
statistical education requirements for various forensic jobs

Number of semesters
of statistics
required (%)

Position 0o 1 2 3
Drugs 30 12 18 40
Trace/Impressions 31 20 31 18
Serology/DNA 12 38 38 12

Firearms/Documents/ | 48 16 28 8
Fingerprints
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What do crime lab directors want?

Almirall and Furton (2003) reviewed trends in forensic education

Number of semesters
required (%)

Position Maths/Statistics | Chemistry/Biology
Drugs 1.7 9.0
Trace/Impressions 1.3 8.8
Serology/DNA 15 10.9
Firearms/Documents/ 1.0 4.7
Fingerprints

Tregar and Proni report that 55% of institutions require statistics
as part of their curriculum
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What do we want?

Not very much?

When do we want it?
Sometime in the future, perhaps.
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Solutions: #1 A desire for change

For any solution to be effective there has to be the desire to
change. Without this nothing will change. Three good examples:

@ 2002 Judge Louis H. Pollack rules that fingerprint examiners
will not be able to testify to a “match”

@ 2002-3 Eric Randich and William Tobin start to highlight the
deficiencies in the FBI compositional analysis of bullet lead
leading to a 2004 NAS report documenting the necessary
steps for change

@ 2009 The NAS releases its report with the headline “Badly
fragmented forensic science system needs overhaul; Evidence
to support reliability of many techniques is lacking”
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Solutions: #2 Personal change

We cannot change everything at once. The first steps must be
personal change. So, the question you might ask me is “What are
you going to change?”

@ Spending more time on the ground

@ Making the realisation that most people cannot go from zero
to light speed overnight

@ Accessibility through software
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Solutions: #3 Educational change
Forensic Science Education Programmes

@ There are two main uses for statistics in forensic science
- fundamental research and development

- evidence interpretation.

@ Both are important, but have different focuses

@ It is the latter rather than the former that | have concentrated
on today

@ My suspicion is the 1-1.5 semesters of statistics that forensic
science students receive is the former rather than the latter

o Dedicated faculty (preferably with court going experience) to
teach both topics would be a very positive step
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Dedicated statistics faculty? That's outrageous!
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Solutions: #3 Educational change

The judiciary and legal community

@ Every time | have had the opportunity to hear a judge speak
at a conference | have been impressed by their scholarship
@ We do need to accept that many judges (and lawyers) are
numerically challenged as highlighted by Professor Donnelly's
recount of his R v Adams experience
- Then, during my evidence, we walked the jury through a
numerical example — the barrister would suggest token
numbers in answer to the questions, and the jury and | entered
them in the calculators which were eventually supplied. They
seemed to have no difficulty in following this, but at an early
stage in the calculation, when | said something to the effect
that: “Your calculator should now show the value 31.6," and
the jurors all nodded, the judge rather plaintively said: “But
mine shows zero.”

@ My own experience is of having a police officer remark to me

in a row and he didn’t even get angry” piid
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Solutions: #3 Educational change

The judiciary and legal community

@ Education of the judiciary is essential because once we have
their acceptance we will no longer have our scientific progress
hampered by legal precedence

@ Education of the legal community on both sides is essential
because
- Criminal defense lawyers . .. are supposed to be the people who

recognize bogus expert claims, challenge them, move to get
them excluded, and undermine those that survive exclusion by
knowledgeable, thorough, and telling cross-examination. On
the whole, they don't do any of these things very well.
[D. Michael Risinger quoted in Giannelli (2012)]

@ Once lawyers recognize substandard statistical practice they
will stop hiring substandard statistical practitioners...
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Solutions: #3 Educational change
Statisticians

@ The forensic statistics community is very small — roughly 90
people attend the triennial International Conference on
Forensic Inference and Statistics and not all of them are
statisticians

@ This means we are generally over-committed

@ You might not like the idea but you need more of us

@ From personal experience, some of the most engaged
statisticians are people, who like me, had a MSc/PhD topic
which focussed on an area of forensic science.

- Roberto Puch-Solis (CAl of Fibres)
- Torben Tvedebrink (DNA)
- My friends at NFI

@ Statisticians also need to spend some time in the lab
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James is happy!
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