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B167  Application of Likelihood Ratios in Fire Debris Analysis
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The goal of this presentation is to discuss a statistical approach to classification of fire debris as positive or negative for the presence
of ignitable liquid residue and the determination of a likelihood ratio for the two competing hypotheses. Conversion of the likelihood
ratio to a verbal scale expressing support for one hypothesis relative to the other will also be discussed.

This presentation will impact the forensic science community by showing the benefit of exposure to concepts that are fundamental
to the evaluation of forensic evidence.

Likelihood ratios can be understood in the framework of receiver operating characteristic curves, probability density distributions,
and Bayesian decision theory. A likelihood ratio allows the forensic scientist to evaluate evidential value under two competing hypothesis
in the absence of information regarding prior probabilities, which are often unavailable. The magnitude of the likelihood ratio can be
converted to a verbal scale that expresses the strength of evidential support for the two competing hypotheses. Evett has proposed a
verbal scale of support as defined by the following terms on the indicated likelihood ratio intervals: “none” (0, 1); “limited” (1, 10);
“moderate” (10, 100); “moderately strong” (100, 1,000); “strong” (1,000, 10,000); and, “very strong” (>10,000).! In the event that prior
probabilities are available, posterior odds can be determined.

One example that demonstrates these concepts is the classification of fire debris as positive or negative for the presence of ignitable
liquid residue. The likelihood ratio under the hypothesis that a sample is positive (H+) or negative (H-) for ignitable residue, given some
Evidence (E), is defined as the ratio of class-conditional probabilities — P(E|H+)/P(E|H-). The underlying statistical model is based
on a set of extracted ions from total ion spectra of ignitable liquids.? The total ion spectra for ignitable liquids and substrate pyrolysis
products were taken from the Ignitable Liquids Reference Collection and the Substrates Database and computationally mixed to produce
a balanced set of 3,000 total ion spectra for samples that were defined to be positive or negative for ignitable liquid residue.® Principal
component analysis was performed on the data set for feature extraction and a support vector machine with radial kernel function was
trained on the resulting scores and tested by ten-fold cross validation with 20% hold-out.

As a hard classifier, the optimum model had a cross-validation accuracy of 90% (i.e., 275 of 300 ignitable liquid samples were
correctly classified and 262 of 300 substrate samples were correctly classified). The probabilities of class membership were obtained
from the support vector machine model using a flat prior probability and the strength of support for the competing hypotheses was
determined from the likelihood ratio. Using Evett’s verbal scale, of 300 ignitable liquid containing samples, the likelihood ratio for one
sample showed strong support for the presence of ignitable liquid residue, 36 showed moderately strong support, 143 showed moderate
support, 95 showed weak support, and 25 showed no support. Using the same verbal scale, of 300 substrate samples, the likelihood ratio
for three samples showed moderate support for the presence of ignitable liquid residue, 35 showed weak support, and 262 showed no
support. Results from further testing with other models will also be reported.

This project was supported in part by Award No. 2009-DN-BX-K227 awarded by the National Institute of Justice, Office of
Justice Programs, United States Department of Justice. The opinions, findings, and conclusions or recommendations expressed in this
publication/program/exhibition are those of the author(s) and do not necessarily reflect those of the Department of Justice.

References:

1. Evett, I. W.; Jackson, G.; Lambert, J. A.; McCrossman, S.; The impact of the principles of evidence interpretation and the
structure and content of statements. Science & Justice, 2000, 40, 233-239.

2. Sigman, M. E.; Williams, M. R.; Castelbuono, J. A.; Colca, J. G.; Clark, C. D.; Ignitable Liquid Classification and Identification
Using the Summed-Ion Mass Spectrum. Instrumentation Sci. Technol. 2008, 36, 375 - 393.

3. Available online at http:/ncfs.ucf.edu/databases/.

Fire Debris, Likelihood Ratio, Statistics

Copyright 2015 by the AAFS. Unless stated otherwise, noncommercial photocopying of editorial published in this periodical is permitted by AAFS.
Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by AAFS.

440 * Presenting Author



