
* Presenting Author

Criminalistics Section - 2015

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

B167 Application of Likelihood Ratios in Fire Debris Analysis

Michael E. Sigman, PhD*, University of Central Florida, National Center for Forensic Science, PO Box 162367, Orlando, FL 32816; 
and Mary R. Williams, MS, PO Box 162367, Orlando, FL 32816-2367

7KH�JRDO�RI�WKLV�SUHVHQWDWLRQ�LV�WR�GLVFXVV�D�VWDWLVWLFDO�DSSURDFK�WR�FODVVL¿FDWLRQ�RI�¿UH�GHEULV�DV�SRVLWLYH�RU�QHJDWLYH�IRU�WKH�SUHVHQFH�
RI�LJQLWDEOH�OLTXLG�UHVLGXH�DQG�WKH�GHWHUPLQDWLRQ�RI�D�OLNHOLKRRG�UDWLR�IRU�WKH�WZR�FRPSHWLQJ�K\SRWKHVHV���&RQYHUVLRQ�RI�WKH�OLNHOLKRRG�
ratio to a verbal scale expressing support for one hypothesis relative to the other will also be discussed.

7KLV�SUHVHQWDWLRQ�ZLOO�LPSDFW�WKH�IRUHQVLF�VFLHQFH�FRPPXQLW\�E\�VKRZLQJ�WKH�EHQH¿W�RI�H[SRVXUH�WR�FRQFHSWV�WKDW�DUH�IXQGDPHQWDO�
to the evaluation of forensic evidence.

/LNHOLKRRG�UDWLRV�FDQ�EH�XQGHUVWRRG�LQ�WKH�IUDPHZRUN�RI�UHFHLYHU�RSHUDWLQJ�FKDUDFWHULVWLF�FXUYHV��SUREDELOLW\�GHQVLW\�GLVWULEXWLRQV��
DQG�%D\HVLDQ�GHFLVLRQ�WKHRU\���$�OLNHOLKRRG�UDWLR�DOORZV�WKH�IRUHQVLF�VFLHQWLVW�WR�HYDOXDWH�HYLGHQWLDO�YDOXH�XQGHU�WZR�FRPSHWLQJ�K\SRWKHVLV�
LQ�WKH�DEVHQFH�RI�LQIRUPDWLRQ�UHJDUGLQJ�SULRU�SUREDELOLWLHV��ZKLFK�DUH�RIWHQ�XQDYDLODEOH���7KH�PDJQLWXGH�RI�WKH�OLNHOLKRRG�UDWLR�FDQ�EH�
converted to a verbal scale that expresses the strength of evidential support for the two competing hypotheses.  Evett has proposed a 

YHUEDO�VFDOH�RI�VXSSRUW�DV�GH¿QHG�E\�WKH�IROORZLQJ�WHUPV�RQ�WKH�LQGLFDWHG�OLNHOLKRRG�UDWLR�LQWHUYDOV���³QRQH´���������³OLPLWHG´����������
³PRGHUDWH´������������³PRGHUDWHO\�VWURQJ´���������������³VWURQJ´������������������DQG��³YHU\�VWURQJ´��!��������1  In the event that prior 

probabilities are available, posterior odds can be determined. 

2QH�H[DPSOH�WKDW�GHPRQVWUDWHV�WKHVH�FRQFHSWV�LV�WKH�FODVVL¿FDWLRQ�RI�¿UH�GHEULV�DV�SRVLWLYH�RU�QHJDWLYH�IRU�WKH�SUHVHQFH�RI�LJQLWDEOH�
OLTXLG�UHVLGXH���7KH�OLNHOLKRRG�UDWLR�XQGHU�WKH�K\SRWKHVLV�WKDW�D�VDPSOH�LV�SRVLWLYH��+���RU�QHJDWLYH��+���IRU�LJQLWDEOH�UHVLGXH��JLYHQ�VRPH�
(YLGHQFH��(���LV�GH¿QHG�DV�WKH�UDWLR�RI�FODVV�FRQGLWLRQDO�SUREDELOLWLHV�²�3�(_+���3�(_+�����7KH�XQGHUO\LQJ�VWDWLVWLFDO�PRGHO�LV�EDVHG�
on a set of extracted ions from total ion spectra of ignitable liquids.2  The total ion spectra for ignitable liquids and substrate pyrolysis 

SURGXFWV�ZHUH�WDNHQ�IURP�WKH�,JQLWDEOH�/LTXLGV�5HIHUHQFH�&ROOHFWLRQ�DQG�WKH�6XEVWUDWHV�'DWDEDVH�DQG�FRPSXWDWLRQDOO\�PL[HG�WR�SURGXFH�
D�EDODQFHG�VHW�RI�������WRWDO�LRQ�VSHFWUD�IRU�VDPSOHV�WKDW�ZHUH�GH¿QHG�WR�EH�SRVLWLYH�RU�QHJDWLYH�IRU�LJQLWDEOH�OLTXLG�UHVLGXH�3  Principal 

FRPSRQHQW�DQDO\VLV�ZDV�SHUIRUPHG�RQ�WKH�GDWD�VHW�IRU�IHDWXUH�H[WUDFWLRQ�DQG�D�VXSSRUW�YHFWRU�PDFKLQH�ZLWK�UDGLDO�NHUQHO�IXQFWLRQ�ZDV�
trained on the resulting scores and tested by ten-fold cross validation with 20% hold-out. 

$V�D�KDUG�FODVVL¿HU��WKH�RSWLPXP�PRGHO�KDG�D�FURVV�YDOLGDWLRQ�DFFXUDF\�RI������L�H�������RI�����LJQLWDEOH�OLTXLG�VDPSOHV�ZHUH�
FRUUHFWO\�FODVVL¿HG�DQG�����RI�����VXEVWUDWH�VDPSOHV�ZHUH�FRUUHFWO\�FODVVL¿HG����7KH�SUREDELOLWLHV�RI�FODVV�PHPEHUVKLS�ZHUH�REWDLQHG�
IURP�WKH�VXSSRUW�YHFWRU�PDFKLQH�PRGHO�XVLQJ�D�ÀDW�SULRU�SUREDELOLW\�DQG�WKH�VWUHQJWK�RI�VXSSRUW� IRU� WKH�FRPSHWLQJ�K\SRWKHVHV�ZDV�
GHWHUPLQHG�IURP�WKH�OLNHOLKRRG�UDWLR���8VLQJ�(YHWW¶V�YHUEDO�VFDOH��RI�����LJQLWDEOH�OLTXLG�FRQWDLQLQJ�VDPSOHV��WKH�OLNHOLKRRG�UDWLR�IRU�RQH�
sample showed strong support for the presence of ignitable liquid residue, 36 showed moderately strong support, 143 showed moderate 

VXSSRUW�����VKRZHG�ZHDN�VXSSRUW��DQG����VKRZHG�QR�VXSSRUW���8VLQJ�WKH�VDPH�YHUEDO�VFDOH��RI�����VXEVWUDWH�VDPSOHV��WKH�OLNHOLKRRG�UDWLR�
IRU�WKUHH�VDPSOHV�VKRZHG�PRGHUDWH�VXSSRUW�IRU�WKH�SUHVHQFH�RI�LJQLWDEOH�OLTXLG�UHVLGXH�����VKRZHG�ZHDN�VXSSRUW��DQG�����VKRZHG�QR�
support.  Results from further testing with other models will also be reported.

7KLV� SURMHFW�ZDV� VXSSRUWHG� LQ� SDUW� E\�$ZDUG�1R�� �����'1�%;�.���� DZDUGHG� E\� WKH�1DWLRQDO� ,QVWLWXWH� RI� -XVWLFH�� 2I¿FH� RI�
-XVWLFH�3URJUDPV��8QLWHG�6WDWHV�'HSDUWPHQW�RI�-XVWLFH���7KH�RSLQLRQV��¿QGLQJV��DQG�FRQFOXVLRQV�RU�UHFRPPHQGDWLRQV�H[SUHVVHG�LQ�WKLV�
SXEOLFDWLRQ�SURJUDP�H[KLELWLRQ�DUH�WKRVH�RI�WKH�DXWKRU�V��DQG�GR�QRW�QHFHVVDULO\�UHÀHFW�WKRVH�RI�WKH�'HSDUWPHQW�RI�-XVWLFH�
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