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eq: represents the sets of samples originating from a population of other potential sources.

Our main concern is the inference of the source of the samples in e,. In the interest of shortening
this report, we mainly present results obtained in the context of the specific source identification
problem. A motivation for defining two separate interpretation frameworks was published by the
research team in Law, Probability and Risk |[Ommen and Saunders, [2018a]. The mathematical
developments of the Bayes factors in the two frameworks were published by the research team in

the Journal of Statistical Computation and Simulation |[Ommen et al., [2017].

We define the following probability models for how the samples are generated under two competing
propositions, H,, and Hg, which respectively state that the trace and control objects originate from

the same source versus that they originate from different sources:

M, : e, and e are simple random samples from the specific source considered under proposition

Hpy;

My : es is a simple random sample from the specific source considered under proposition H,, , but

ey 18 a sample from a randomly selected source in the population of other potential sources.

The first method that we considered is the formal Bayes factor originally proposed for forensic sci-
ence by Dennis Lindley in the late 1970s. Since Lindley’s Bayes factor addressed the common source
problem, we redeveloped the Bayes factor to address the specific source problem to obtain:

— fep f (6’0’ Mp) dil (0|Mp)
~ Jo, £ (€l6. My) dIT (6]My)

This Bayes factor is the ideal method to formally and coherently assign weight to forensic evidence.
However, it is challenging to implement in the forensic context due to (a) the need to define a
likelihood structure for the observations in e, (b) our inability to assign a posterior distribution
to the model’s parameters, and (c) issues associated with the Monte-Carlo integration required to
calculate the marginal likelihood. In this project, we propose an ad-hoc estimate of the formal
Bayes factor. Our estimate is inspired by the Neyman-Pearson lemma for nested model selection.
The likelihood ratio proposed by Neyman-Pearson has been modified to take into account the non-

nested nature of model selection in forensic science. This ad-hoc method uses parameter estimates
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Related activities

While leading the project funded under NIJ Award 2014-1J-CX-KO088, the two principle investi-
gators, Dr. Saunders and Dr. Neumann, mentored promising graduate students and led parallel
projects on the interpretation of forensic evidence. The goals of these parallel projects were not
part of the primary objectives of the current project. However, they did take advantage of results

and competencies developed as part of the current project. These parallel projects were:

1. The development of a model to resolve dust mixtures as part of the MSc. in Mathematics with
specialisation in Statistics project of Ms. Madeline Ausdemore, advised by Dr. Neumann.
This project was funded under NIJ Award 2016-DN-BX-0146. A draft paper reporting the
model and its performances is currently being revised based on comments from reviewers
from the Journal of the Royal Statistical Society C. The current draft of the paper has been

published as a technical report on arXiv.org [Ausdemore and Neumannl 2018].

2. The development of a U-statistic design to estimate random match probabilities as a function
of the amount of handwriting available to an expert system. This research took advantage
of the development made during the current award to characterise the likelihood structure of
pairwise comparisons. This project was part of the MSc. in Mathematics with specialisation

in Statistics project of Ms. Cami Fuglsby, advised by Dr. Saunders [Fuglsby, [2017].

3. A contribution to the controversy surrounding the estimation of error rates in fingerprint
examination based on the data acquired by the Miami Dade Police Department under NIJ
Award 2010-DN-BX-K268. A paper reporting our findings has been accepted by the Journal
of Forensic Identification |Ausdemore et al., 2018a]. Due to the importance of the topic,
this paper will be published together with comments from selected members of the forensic,

statistical, and legal communities.

Ms. Fuglsby, Ausdemore and Hendricks are currently pursing their PhDs in Mathematical Statistics
on foundational issues related to the interpretation of forensic evidence under the supervision of

Drs. Saunders (Fuglsby) and Neumann (Ausdemore and Hendricks).
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Implications for the criminal justice system in the U.S.

During this project, we have extended the ability of forensic statisticians to quantify the value
of complex evidence forms in the rigorous, logical and coherent manner advocated by legal and
scientific scholars for the past four decades. Firstly, we have partitioned the question of the iden-
tification of source in forensic science using two distinct formal frameworks. This decomposition
helps understand why different scientists potentially construct radically different models for the
interpretation of the same evidence type, and, by extension, provides these scientists with rigorous

foundations for interpreting and presenting the value of forensic evidence.

Secondly, we have shown that an increasingly popular method proposed to “quantify” the weight
of forensic science, namely “score-based likelihood ratios” was not appropriate and could result in

extremely misleading evidence.

Thirdly, we propose different methods to address the issues related to calculate formal Bayes factors,
namely the difficulty to assign posterior probabilities to models’ parameters and the error associated
with Monte-Carlo integration. We show that these methods converge to the formal Bayes factor, and

therefore, that they are acceptable substitutes for quantifying the weight of forensic evidence.

Fourthly, since the methods proposed above only apply to situations where the evidence can be
characterised in a low dimensional feature space, we propose two methods that leverage the power
and flexibility of kernel functions to facilitate the probabilistic interpretation of forensic evidence.
One of these methods assign a likelihood structure to the entire set of pairwise comparisons between
trace, control and reference objects. This method is currently being validated in order to provide
an answer to the controversy that rose within the OSAC regarding the lack of statistical support
for the comparison of spectral data. The second method entirely removes the need for defining a
tractable likelihood structure. This implies that our method is particularly suited for interpreting
pattern evidence. A prototype expert system is currently being researched by a large biometric

company.

Finally, this project allowed for training 6 PhD and MSc level graduate students in the interpre-
tation of forensic evidence using probabilistic models. One of the PhD graduate students trained
during this research effort is currently a tenure-track Assistant Professor of Statistics at lowa State

13

This resource was prepared by the author(s) using Federal funds provided by the U.S.
Department of Justice. Opinions or points of view expressed are those of the author(s) and do not
necessarily reflect the official position or policies of the U.S. Department of Justice.



NIJ Award 2014-1J-CX-K088

University. Three of the MSc graduates are currently pursuing their PhD in Mathematical Statistics

on topics related to the interpretation of forensic evidence.
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