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Abstract

7KLV�SURMHFW� LV�D�FRPSDULVRQ�RI�DFFXUDF\�HIIHFWV�IRU�WKH�(66�DQG�WKUHH�SRVLWLRQ�VFRUHV�XVLQJ�WUD-
GLWLRQDO� QXPHULFDO� FXWVFRUHV� DQG�PXOWLQRPLDO� FXWVFRUHV��(IIHFWV� VWXGLHG� LQFOXGH� WHVW� VHQVLWLYLW\��
VSHFLÀFLW\��IDOVH�SRVLWLYH�DQG�IDOVH�QHJDWLYH�HUURU�UDWHV��LQ�DGGLWLRQ�WR�SRVLWLYH�SUHGLFWLYH�YDOXH��QHJ-
DWLYH�SUHGLFWLYH�YDOXH��WKH�SURSRUWLRQV�RI�FRUUHFW�FODVVLÀFDWLRQ�IRU�JXLOW\�DQG�LQQRFHQW�FDVHV�DQG�WKH�
XQZHLJKWHG�PHDQ�RI�FRUUHFW�DQG�LQFRQFOXVLYH�FDVHV��$Q�DUFKLYDO�VDPSOHV�RI�Q ����FRQÀUPHG�ÀHOG�
FDVHV� XVLQJ� WKH� )HGHUDO� =&7� IRUPDW�ZHUH� XVHG�� SHUPLWWLQJ� LQWXLWLYH� FRPSDULVRQ�ZLWK� SUHYLRXVO\�
SXEOLVKHG�HIIHFWV��$�VHFRQG�VDPSOH�RI�Q ���FRQÀUPHG�ÀHOG�FDVHV�XVLQJ�WKH�)HGHUDO�=&7�IRUPDW�ZDV�
DOVR� LQFOXGHG� LQ�WKH�DQDO\VLV��5HVSRQVHV�ZHUH�H[WUDFWHG� IURP�WKH�UHFRUGHG�GDWD�DQG�VFRUHV�ZHUH�
DVVLJQHG� YLD� DQ�DXWRPDWHG�(66�DOJRULWKP� WKDW�ZDV�GHVLJQHG� WR� FORVHO\� DSSUR[LPDWH� WKH� IHDWXUH�
H[WUDFWLRQ�SURFHVV�XVHG�E\�KXPDQ�H[SHUWV�ZKHQ�PDQXDO�VFRULQJ�SRO\JUDSK�GDWD��(66�VFRUHV�ZHUH�
WKHQ�FRQYHUWHG� WR� WKUHH�SRVLWLRQ�VFRUHV��$�SDUDPHWULF�ERRWVWUDS�ZDV�XVHG� WR�FDOFXODWH�VWDWLVWLFDO�
FRQÀGHQFH� LQWHUYDOV� DW� WKH� ����� DQG� ����� SHUFHQWLOHV�� DQG� WR� HVWLPDWH� WKH� YDULDQFH� RI� REVHUYHG�
HIIHFWV��$�PL[HG�HIIHFWV�$129$�SURFHGXUH�ZDV�XVHG�WR�HYDOXDWH�WKH�IRXU�WUHDWPHQWV�RI�WKH�VDPSOH�
FDVHV��(66�DQG�WKUHH�SRVLWLRQ�VFRUHV�ZLWK�WUDGLWLRQDO�DQG�PXOWLQRPLDO�FXWVFRUHV��$FFXUDF\�IRU�WKH�
IRXU�WUHDWPHQWV�ZKHQ�H[FOXGLQJ�LQFRQFOXVLYH�FDVHV�ZDV�VLPLODU�IRU�SRVLWLYH�SUHGLFWLYH�YDOXH��QHJD-
WLYH�SUHGLFWLYH�YDOXH��DQG�WKH�SURSRUWLRQV�RI�FRUUHFW�FODVVLÀFDWLRQV�H[FOXGLQJ�LQFRQFOXVLYH�UHVXOWV��
8VH�RI�PXOWLQRPLDO�FXWVFRUHV�FRQWULEXWHG�WR�D�VWDWLVWLFDOO\�VLJQLÀFDQW�UHGXFWLRQ�RI�LQFRQFOXVLYH�UH-
VXOWV��DQG�VWDWLVWLFDOO\�VLJQLÀFDQW� LQFUHDVHV� LQ� WHVW�VHQVLWLYLW\� WR�GHFHSWLRQ�DQG� WHVW�VSHFLÀFLW\� WR�
WUXWK�WHOOLQJ�IRU�ERWK�(66�DQG�WKUHH�SRVLWLRQ�VFRUHV��1RQH�RI�FODVVLÀFDWLRQV�RI�WKH�LQGLYLGXDO�FDVHV�
were observed to change from deceptive to truthful or from truthful to deceptive for any of the four 
WUHDWPHQWV�ZLWK�HLWKHU�RI�WKH�WZR�DUFKLYDO�VDPSOHV��

Introduction

7KH� (PSLULFDO� 6FRULQJ� 6\VWHP� �(66�� 1HOVRQ�
HW�DO��������� LV�DQ�HYLGHQFH�EDVHG��VWDQGDUG-
ized and statistically referenced method for 
the analysis of psychophysiological detection 
RI�GHFHSWLRQ��3''��WHVW�GDWD��7KH�(66�FDQ�EH�
WKRXJKW� RI� DV� D� PRGLÀFDWLRQ� RI� WKH� )HGHUDO�
WKUHH�SRVLWLRQ�VFRULQJ�PHWKRG��1DWLRQDO�&HQ-
WHU� IRU� &UHGLELOLW\� $VVHVVPHQW�� ������� ZKLFK�
FDQ� LWVHOI� EH� WKRXJKW� RI� DV� D�PRGLÀFDWLRQ� RI�
WKH� )HGHUDO� VHYHQ�SRVLWLRQ� VFRULQJ� PHWKRG��
Previous studies on the ESS indicate that it 
SURYLGHV�DFFXUDF\�HIIHFWV�VLPLODU� WR� WKH�)HG-
eral seven-position method with the practical 
reliability and intuition of the three-position 
VFRULQJ�PHWKRG��5HVXOWV�IRU�WKH�(66�ZHUH�ÀUVW�

described in a comparison of accuracy effects 
�1HOVRQ�� .UDSRKO� 	� +DQGOHU�� ������ IRU� SRO\-
JUDSK�H[DPLQHU�WUDLQHHV�ZLWK�WKRVH�IURP�H[SH-
ULHQFHG�H[DPLQHUV��7KH�(66�ZDV�XSGDWHG��1HO-
VRQ������D������E��WR�PDNH�XVH�RI�D�%D\HVLDQ�
FODVVLÀHU� DQG� FXWVFRUHV� WKDW� ZHUH� REWDLQHG�
from a multinomial reference distribution 
that was calculated under the analytic theo-
U\�RI�3''�WHVWLQJ� �1HOVRQ���������0XOWLQRPL-
al cutscores and reference distributions were 
subsequently calculated for the three-position 
VFRULQJ�PHWKRG��1HOVRQ������D���(66�LV�ZLGHO\�
XVHG�E\�SRO\JUDSK�H[DPLQHUV�DFURVV�WKH�8�6��
and worldwide, including professionals in pri-
vate practice and in municipal, state and fed-
HUDO�ODZ�HQIRUFHPHQW�LQYHVWLJDWLRQ�DJHQFLHV�
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7KH�(66�GLIIHUV�IURP�WKH�WKUHH�SRVLWLRQ�VFRU-
LQJ� PHWKRG� LQ� WKUHH� PDLQ� ZD\V�� )LUVW�� (66�
scores are assigned while doubling the value 
RI�DOO�('$�VFRUHV��7KLV�LV�VR�WKDW�HOHFWURGHUPDO�
VFRUHV�DUH�ZHLJKWHG�LQ�D�PDQQHU�WKDW�DSSUR[-
imates the structural and statistical functions 
GHVFULEHG� LQ� WKH� VFLHQWLÀF� OLWHUDWXUH� RQ� 3''�
test data analysis and computer algorithm de-
YHORSPHQW�1HOVRQ���������$�VHFRQG�LPSRUWDQW�
difference is that the ESS makes use of statis-
tically referenced numerical cutscores in lieu 
of traditional cutscores that were derived heu-
ristically for the seven-position scoring meth-
RG�� $QRWKHU� WKLUG� GLIIHUHQFH� LV� WKDW� GLIIHUHQW�
agencies have implemented the ESS with dif-
ferent decision rules, according to operational 
DQG�PLVVLRQ�REMHFWLYHV�

'HFLVLRQ� UXOHV� GHÀQH� WKH� VWUXFWXUHG� SURFH-
dures used to interpret and parse the cate-
gorical test result from numerical and sta-
WLVWLFDO� LQIRUPDWLRQ�� >5HIHU� WR�1HOVRQ� �����E��
for a literature summary and description of 
SRO\JUDSK�GHFLVLRQ�UXOHV�@�&RPPRQO\�XVHG�GH-
FLVLRQ�UXOHV�LQ�3''�ÀHOG�SUDFWLFH�LQFOXGH�WKH�
JUDQG�WRWDO�UXOH� �*75��� WZR�VWDJH�UXOH� �765���
DQG�WKH�)HGHUDO�=RQH�5XOH��)=5��DQG�WKH�VXE-
WRWDO�VFRUH�UXOH� �665���$PRQJ� WKHVH� WKH�*75�
has been shown consistently to provide the 
KLJKHVW�OHYHO�RI�FODVVLÀFDWLRQ�DFFXUDF\�IRU�VLQ-
JOH� LVVXH�H[DPV��ZKLOH� WKH�665�KDV�EHHQ�UH-
JDUGHG�E\�PDQ\�SRO\JUDSK�DJHQFLHV�DQG�ÀHOG�
H[DPLQHUV� DV� WKH� RSWLPDO� GHFLVLRQ� UXOH� IRU�
PXOWLSOH�LVVXH�VFUHHQLQJ�H[DPV��

7KLV� SURMHFW� LV� D� FRPSDULVRQ� RI� DFFXUDF\� HI-
IHFWV� IRU�(66�XVLQJ� WKH�*75�ZLWK� WUDGLWLRQDO�
FXWVFRUHV�DQG�PXOWLQRPLDO�FXWVFRUHV��7ZR�DU-
chival samples were used in this project, per-
mitting intuitive comparison with previously 
SXEOLVKHG�DFFXUDF\�HIIHFWV��$OVR�VWXGLHG�ZHUH�
FODVVLÀFDWLRQ�DFFXUDF\�HIIHFWV�ZLWK�WKUHH�SRVL-
WLRQ�VFRUHV��

Methods and Materials

Data

'DWD� IRU� WKLV� SURMHFW� ZHUH� D� FRQÀUPHG� ÀHOG�
VDPSOH� RI� Q ���� H[DPV� WKDW� ZHUH� FRQGXFW-
HG� XVLQJ� WKH� )HGHUDO� =RQH� &RPSDULVRQ� 7HVW�
�)=&7��IRUPDW��'HSDUWPHQW�RI�'HIHQVH���������
7KLV�VDPSOH�ZDV�SUHYLRXVO\�XVHG�E\�.UDSRKO�
DQG�&XVKPDQ��������ZLWK�)HGHUDO�VHYHQ�SRVL-

WLRQ�VFRUHV��DQG�ODWHU�E\�1HOVRQ��.UDSRKO�DQG�
+DQGOHU��������LQ�DQ�HDUO\�VWXG\�RQ�WKH�(66��
Sample cases were conducted by a variety of 
federal, state, and municipal law enforcement 
agency and were subsequently included in the 
FRQÀUPHG�FDVH�DUFKLYH�DW� WKH�'HSDUWPHQW�RI�
'HIHQVH�3RO\JUDSK�,QVWLWXWH��QRZ�WKH�1DWLRQDO�
&HQWHU�IRU�&UHGLELOLW\�$VVHVVPHQW���7KH�)=&7�
LV�D�WKUHH�TXHVWLRQ��HYHQW�VSHFLÀF�WHVW�IRUPDW��
that is recognized as among the most useful 
test formats for the investigation of criminal in-
FLGHQWV��$OO�FDVHV�FRQVLVWHG�RI�WKUHH�LWHUDWLRQV�
of a question sequence that included three 
UHOHYDQW�TXHVWLRQV� �54V�� DQG� WKUHH� FRPSDUL-
VRQ�TXHVWLRQV��&4V��LQ�DGGLWLRQ�WR�RWKHU�SUR-
cedural questions that are not subject to nu-
PHULFDO�RU�VWDWLVWLFDO�DQDO\VLV��)LHOG�SRO\JUDSK�
H[DPLQHUV�UHIHU�WR�WKH�UHSHWLWLRQV�RU�LWHUDWLRQV�
of the question sequence as “charts,” with ref-
erence to old-time polygraph instruments that 
plotted physiological data through capillary 
LQN�SHQV�RQWR�UROOHG�FKDUW�SDSHU��+XPDQ�H[-
pert, when scoring the sample cases manual-
ly, have described some of the sample cases as 
FKDOOHQJLQJ��$OWKRXJK�SHUKDSV�QRW� LGHDO��XVH�
of this same sample data can provide practical 
and intuitive understanding of differences in 
accuracy effects for different test data analysis 
PHWKRGV��>5HIHU�WR�1HOVRQ��������DQG�'HSDUW-
ment of Defense (2006) for general information 
on the comparison question test and how the 
VDPSOH�FDVHV�ZHUH�FRQGXFWHG�@

All cases included the standardized array of 
PDD sensors, for which physiological respons-
HV� DQG� QXPHULFDO� VFRUHV� ZRXOG� EH� H[WUDFW-
HG�� LQFOXGLQJ�� XSSHU� DQG� ORZHU� UHVSLUDWLRQ�
sensors, an electrodermal activity sensor, 
DQG� FDUGLRYDVFXODU� DFWLYLW\� VHQVRU�� $FTXLUHG�
NQRZOHGJH�SHUWDLQLQJ� WR� WKH�)=&7� IRUPDW�� LQ�
addition to basic principles and procedures, 
have been generalized to other PDD formats 
including single-issue and multiple-issue 
XVH�FDVHV�ZLWK�WZR��WKUHH�DQG�IRXU�54V��7KLV�
sample was used in the initial study and de-
velopment of empirical reference distributions 
for the ESS, and was subsequently used in an 
accuracy demonstration of the multinomial 
XSGDWH�WR�WKH�(66�0��1HOVRQ������E���

A second archival sample was obtained, con-
VLVWLQJ�RI�Q ���FRQÀUPHG�ÀHOG�H[DPV�XVLQJ�WKH�
)=&7�IRUPDW��7KHVH�H[DPV�ZHUH�DOVR� LQFOXG-
HG� LQ� WKH�'R'3,� �QRZ�1&&$��FRQÀUPHG�FDVH�
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DUFKLYH��7KLV�VDPSOH�ZDV�SUHYLRXVO\�XVHG�DV�
the holdout validation sample in the develop-
ment of the OSS scoring algorithms (Krapohl 
	� 0F0DQXV�� ������ .UDSRKO�� ������ 1HOVRQ�
.UDSRKO�	�+DQGOHU���������DQG�ZDV�DOVR�XVHG�
LQ�D�VWXG\�RI�PDQXDO�VFRULQJ�ZLWK�WKH�)HGHU-
DO� VHYHQ�SRVLWLRQ� DQG� (66� VFRULQJ�PHWKRGV��
$OO�H[DPV� LQ� WKH�VHFRQG�GDWDVHW�FRQVLVWHG�RI�
three iterations of a question sequence that 
LQFOXGHG�WKUHH�54V�DQG�WKUHH�&4V�LQ�DGGLWLRQ�
WR�RWKHU�SURFHGXUDO�TXHVWLRQV��6LPLODU� WR� WKH�
ÀUVW�DUFKLYDO�VDPSOH��WKHVH�H[DPLQDWLRQV�ZHUH�
conducted by a variety of municipal, state and 
IHGHUDO�ODZ�HQIRUFHPHQW�DJHQFLHV��

Analysis

Sample data were analyzed using an automat-
HG�YHUVLRQ�RI�WKH�(66��$OO�WHVWV�GDWD�DQDO\VLV�
methods – regardless of whether polygraph or 
other form of test –  will consist of similar func-
WLRQV�� IHDWXUH�H[WUDFWLRQ��QXPHULFDO� WUDQVIRU-
mation and data reduction, use of some form 
RI� OLNHOLKRRG� IXQFWLRQ� RU� VWDWLVWLFDO� FODVVLÀHU��
and structured procedures for the interpreta-
WLRQ� DQG� FODVVLÀFDWLRQ� RI� UHVXOW�� )HDWXUH� H[-
WUDFWLRQ� UHIHUV� WR� WKH� LGHQWLÀFDWLRQ� RI� XVHIXO�
or diagnostic information in the recorded test 
GDWD��DQG�WKH�H[WUDFWLRQ�RU�VHSDUDWLRQ�RI�WKLV�
information from other non-useful informa-
WLRQ�RU�QRLVH��1XPHULFDO�WUDQVIRUPDWLRQ��ZKHQ�
manually scoring polygraph test data, is the 
conversion of observed physiological respons-
HV�WR�QXPHULFDO�YDOXHV�²�XVLQJ�D�V\VWHP�RI�>���
����@�LQWHJHUV��7KH�VLPSOHVW�IRUP�RI�OLNHOLKRRG�
function is a numerical cutscore for which 
FODVVLÀFDWLRQ�HIIHFWV�FDQ�EH�NQRZQ��LQFOXGLQJ�
WUXH�SRVLWLYH��73���WUXH�QHJDWLYH��71���IDOVH�SRV-
LWLYH� �)3�� DQG� IDOVH�QHJDWLYH� �)1�� RXWFRPHV���
Another form of likelihood function will map 
or obtain numerical cutscores to either an em-
pirical or a theoretical reference distribution – 
both of which are available in publications for 
the ESS for which a multinomial reference dis-
tribution can be calculated under the analytic 
WKHRU\�RI�3''�WHVWLQJ��5HJDUGOHVV�RI�WKH�IRUP�
of likelihood function, parsing a categorical re-
sult from numerical and statistical test data 
UHTXLUHV�WKH�XVH�RI�D�VWUXFWXUHG�GHFLVLRQ�UXOH��
7KH�DXWRPDWHG�(66�ZDV�GHVLJQHG�WR�UHSOLFDWH�
REMHFWLYHO\�WKH�SURFHGXUHV�XVHG�E\�KXPDQ�H[-
perts when manually scoring PDD test data, 
LQFOXGLQJ� IHDWXUH� H[WUDFWLRQ�� VHOHFWLRQ� RI� 54�
DQG�&4�DQDO\VLV�VSRWV��DVVLJQPHQW�DQG�DJJUH-
gation of integer scores, numerical cutscores, 

DQG�GHFLVLRQ�UXOHV�

Signal processing

7LPH�VHULHV�GDWD�IRU�DOO�VDPSOH�FDVHV�ZHUH�H[-
SRUWHG� WR� WKH� 1&&$� $6&,,� IRUPDW� �(GLWRULDO�
Staff, 2019) and imported into the R Statisti-
FDO�&RPSXWLQJ�/DQJXDJH�DQG�(QYLURQPHQW��5�
&RUH�7HDP��������WR�FRPSOHWH�WKH�VLJQDO�SUR-
FHVVLQJ��IHDWXUH�H[WUDFWLRQ��DQG�GDWD�DQDO\VLV��
Signal processing of the digitized data was 
FRPSOHWHG�DW�D�GDWD�UDWH�RI����F\FOHV�SHU�VHF-
RQG��FSV��IRU�DOO�UHFRUGHG�VHQVRUV��5HVSLUDWLRQ�
GDWD�ZHUH�VXEMHFW�WR�D�VPRRWKLQJ�ÀOWHU��FRQVLV-
tent with previous publications, consisting of 
D� ÀUVW�RUGHU�%XWWHUZRUWK� W\SH� ORZ�SDVV� ÀOWHU�
�%XWWHUZRUWK�� ������ ZLWK� D� FRUQHU� IUHTXHQF\�
RI�����+]��HTXLYDOHQW�WR�D�PRYLQJ�DYHUDJH�ÀO-
WHU�ZLWK�D� ��� VHFRQG�ZLQGRZ���6PRRWKLQJ�ÀO-
ters of this type have been shown to improve 
WKH�FRUUHODWLRQ�DQG�GLDJQRVWLF�FRHIÀFLHQWV�RE-
WDLQHG� IURP� UHVSLUDWLRQ�GDWD� �1HOVRQ�	�+DQ-
GOHU���������

$OO� H[DPLQDWLRQV� ZHUH� FRQGXFWHG� XVLQJ� $[-
citon computerized polygraph systems that 
LQFOXGHG� D� KDUGZDUH�EDVHG� KLJK�SDVV� ÀOWHU�
(auto-centering EDA) option in addition to the 
PDQXDOO\�FHQWHUHG� ('$� RSWLRQ�� 'LVFXVVLRQ�
ZLWK� ÀHOG� SUDFWLWLRQHUV� UHYHDOHG� D� FRPPRQ�
EHOLHI� WKDW� ÀHOG� SUDFWLFHV� IDYRUHG� WKH� XVH� RI�
PDQXDOO\�FHQWHUHG�('$�DW�WKH�WLPH�WKH�H[DP-
LQDWLRQV�ZHUH�FRQGXFWHG��7KLV�PD\�KDYH�EHHQ�
D�UHVXOW�RI�WKH�IDFW�WKDW�HQJLQHHULQJ�VSHFLÀFD-
WLRQV�RI�KDUGZDUH�EDVHG�KLJK�SDVV�ÀOWHU�RI�ROG�
time analog polygraph instruments was large-
ly undocumented as to the corner frequencies 
RU�WLPH�FRQVWDQWV�RI�WKH�ÀOWHU�GHVLJQ��6LPLODU-
ly, the corner frequency and time-constant for 
WKH� $[FLWRQ� FRPSXWHUL]HG� SRO\JUDSK� V\VWHP�
has been described in previous publications as 
XQNQRZQ� �1DWLRQDO�5HVHDUFK�&RXQFLO���������
1R� LQIRUPDWLRQ�ZDV�FDSWXUHG�RU�UHFRUGHG�UH-
garding the selection of the EDA mode for the 
VDPSOH�FDVHV��$�FRQVHTXHQFH�RI�WKLV�LV�WKDW�LW�
is possible that some of the sample cases were 
recorded using the hardware-based high-pass 
ÀOWHU��DQG�QR�DWWHPSW�ZDV�PDGH�WR�GHWHUPLQH�
WKH�('$�PRGH�WKURXJK�YLVXDO�LQVSHFWLRQ��)RU�
WKLV� UHDVRQ��QR�KLJK�SDVV�ÀOWHU�ZDV�XVHG� IRU�
the EDA data, and signal processing for EDA 
data was limited to the reduction of high-  
IUHTXHQF\�QRLVH�WKURXJK�D�ÀUVW�RUGHU�%XWWHU��
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ZRUWK� W\SH� ORZ�SDVV� ÀOWHU� ZLWK� D� FRUQHU� IUH-
TXHQF\�RI�����+]��

&DUGLR� GDWD� LQFOXGHV� ERWK� ORZ�IUHTXHQF\�
blood-pressure information and higher fre-
TXHQF\�SXOVH�UDWH�LQIRUPDWLRQ��%HFDXVH�RI�WKH�
need to avoid altering or disrupting diastolic 
and systolic cardio peaks, cardio data was 
not subject to additional signal processing or 
VPRRWKLQJ��

7KH� 1&&$� $6&,,� VSHFLÀFDWLRQ�PDNHV� XVH� RI�
dimensionless units that are not associated 
ZLWK� D� VWDQGDUGL]HG� SK\VLFDO� PHDVXUHPHQW��
)RU�WKLV�UHDVRQ��VFDOLQJ�RI�WKH�GDWD�KDV�QR�HI-
fect on analytic results for individual cases or 
IRU�WKLV�DQDO\VLV�

Feature extraction

)HDWXUH� H[WUDFWLRQ� ZDV� DFFRPSOLVKHG� XVLQJ�
an automated procedure intended to replicate 
WKDW� XVHG� E\� KXPDQ� H[SHUWV� ZKHQ�PDQXDO-
O\� VFRULQJ� 3''� GDWD�� 3K\VLRORJLFDO� UHDFWLRQV�
were evaluated using a 15 second evaluation 
ZLQGRZ� �(:�� IRU� DOO� UHFRUGLQJ� VHQVRUV�� 7KLV�
(:�LV�WKRXJKW�WR�EH�VXIÀFLHQW�WR�REVHUYH�PRVW�
physiological responses to test stimuli and 
is regarded as somewhat robust for persons 
ZLWK�FRPPRQ�GLIÀFXOWLHV�ZLWK�VXVWDLQHG�DWWHQ-
WLRQ��)RU�('$�DQG�FDUGLR�GDWD��D�UHVSRQVH�RQ-
VHW�ZLQGRZ��52:��ZDV�GHÀQHG�DV�IURP�VWLP-
XOXV� RQVHW� WR� ÀYH� VHFRQGV� DIWHU� WKH� SRLQW� RI�
YHUEDO�DQVZHU��RU�ÀYH�VHFRQGV�DIWHU�VWLPXOXV�
RIIVHW�LI�WKHUH�ZDV�QR�UHFRUGHG�YHUEDO�DQVZHU��

Respiration feature extraction.�)RU�UHVSLUD-
WLRQ�GDWD��LQIRUPDWLRQ�ZDV�H[FOXGHG�IURP�WKH�
IHDWXUH�H[WUDFWLRQ�IRU�����VHFRQGV�SULRU�WR�DQG�
����VHFRQGV�IROORZLQJ�WKH�UHFRUGHG�SRLQW�RI�YHU-
EDO�DQVZHU��7KLV�ZDV�WR�DYRLG�WKH�LQFOXVLRQ�RI�
commonly occurring answering distortions in  
WKH�UHVSLUDWLRQ�IHDWXUH�H[WUDFWLRQ��5HVSLUDWLRQ�
data were measured using the respiration line 
H[FXUVLRQ��5/(��²�WKH�VXP�RI�DEVROXWH�FKDQJH�
for each successive pair of respiration samples 
– using a sliding window of three seconds over 
WKH����VHFRQG�(:��)RU�UHVSLUDWLRQ�UDWHV�LQ�WKH�
normal range (10 to 22 cycles per minute) the 
sliding window would encompass ½ to 2 res-
SLUDWLRQ�F\FOHV��7KH�UHVSLUDWLRQ�PHDVXUHPHQW�
was the mean of all three second windows 
GXULQJ�WKH�(:��)RU�WKH����VHFRQG�(:�DW�WKH����
FSV�GDWD�UDWH��WKH�IHDWXUH�H[WUDFWLRQ�YDOXH�ZDV�
WKH�PHDQV�RI�WKH�����²�������� �����WKUHH�VHF-

RQG�VHJPHQWV��8VH�RI�D�VOLGLQJ�ZLQGRZ�LQ�WKLV�
PDQQHU�PHDQV�WKDW�IHDWXUH�H[WUDFWLRQ�YDOXHV�
are not dependent on the length of the EW 
and can be easily compared and optimized for 
different EW lengths – leading to potentially 
HDVLHU� RSWLPL]DWLRQ� RI� WKH� (:�� 7KH� UHVSRQVH�
feature of interest is a reduction or suppres-
VLRQ�RI�UHVSLUDWLRQ�DFWLYLW\��WKDW�LV�H[SHFWHG�WR�
occur when a person attempts to conceal, or to 
DYRLG�UHYHDOLQJ�RU�WHOHJUDSKLF��WKHLU�GHFHSWLRQ��
$OWKRXJK�WKH�DXWRPDWHG�IHDWXUH�H[WUDFWLRQ�DO-
JRULWKP� XVHV� D� GLPHQVLRQOHVV� TXDQWLÀFDWLRQ�
RI� WKH� 5/(�� KXPDQ� HYDOXDWRUV� ZLOO� REVHUYH�
UHVSLUDWLRQ�UHVSRQVHV�YLVXDOO\� LQ�SORWWHG�GLV-
played waveform patterns – as a subtle reduc-
tion of the respiration amplitude and as a sub-
WOH�VORZLQJ�RI�UHVSLUDWLRQ�UDWH��

EDA feature extraction��)RU�('$�GDWD��LQIRU-
mation was evaluated from stimulus onset to 
WKH�HQG�RI�WKH�(:��5HVSRQVH�SHDNV�ZHUH�LGHQ-
WLÀHG�DV� WKH�FKDQJH� LQ�('$�VORSH� IURP�SRVL-
WLYH��XSZDUG��WR�QHJDWLYH��GRZQZDUG��IURP�����
seconds after stimulus onset to the end of the 
(:�� 2QH� DGGLWLRQDO� UHVSRQVH� SHDN� ZDV� DOVR�
evaluated following the end of the EW if the 
('$� VORSH� UHPDLQHG� SRVLWLYH� IURP� ����� VHF-
RQGV�WR�WKH�ÀUVW�SHDN�DIWHU�WKH�(:��7KLV�SHU-
PLWV�WKH�H[WUDFWLRQ�RI�LQIRUPDWLRQ�WR�WKH�SHDN�
of response instead of the end of the somewhat 
arbitrary EW and also prevents the evaluation 
of a response peak after the EDA slope has 
WXUQHG�QHJDWLYH�ODWH�LQ�WKH�(:��5HVSRQVH�RQ-
VHWV�ZHUH�LGHQWLÀHG�DV�WKH�RQVHW�RI�D�SRVLWLYH�
VORSH�VHJPHQW���L�H���D�FKDQJH�IURP�QHJDWLYH�RU�
]HUR�VORSH�WR�SRVLWLYH�VORSH��IURP�D����VHFRQG�
ODWHQF\�SRLQW��/3��WR�WKH�HQG�RI�WKH�52:��8VH�
RI�WKH�/3�HOLPLQDWHV�WKH�QHHG�WR�HYDOXDWH�WKH�
EDA slope prior to stimulus onset and ensures 
that responses that begin immediately with 
VWLPXOXV� RQVHW� DUH� QRW� HYDOXDWHG��:KHQ� WKH�
EDA slope was already positive prior to stim-
ulus onset and remained positive throughout 
the ROW a response onset was imputed statis-
WLFDOO\�DV�D�IXQFWLRQ�RI�D�VWDWLVWLFDOO\�VLJQLÀFDQW�
change in positive slope variance (with alpha 
 � ������ IRU� WZR� DGMDFHQW� RQH�VHFRQG�PRYLQJ�
ZLQGRZV�IURP�WKH�/3�WR�WKH�HQG�RI�WKH�52:��
7KLV�FDQ�EH�YLVXDOL]HG�E\�KXPDQ�H[SHUWV�DV�D�
substantial change in upward angle within a 
SRVLWLYH� VORSH� VHJPHQW�GXULQJ� WKH�52:��7KH�
H[WUDFWHG�YDOXH�ZDV� WKH�PD[LPXP�GLIIHUHQFH�
between a response peak and a preceding re-
VSRQVH�RQVHW��,Q�VLPSOLVWLF�WHUPV�WKH�('$�UH-
VSRQVH�IHDWXUH�FDQ�EH�YLVXDOL]HG�DV�WKH�PD[-
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imum distance from a response onset during 
WKH�52:��DIWHU�WKH�/3��WR�D�SHDN�SRLQW�GXULQJ�
WKH�(:�

Cardio feature extraction. )HDWXUH�H[WUDFWLRQ�
for the cardio data was similar to that for EDA, 
EXW�ZLWK�WZR�GLIIHUHQFHV��&DUGLR�GDWD�ZDV�H[-
tracted from a moving average of all recorded 
FDUGLR� GDWD� SRLQWV�� 7KH�PRYLQJ� DYHUDJH� ZDV�
calculated by passing the cardio data four 
WLPHV�WKURXJK�D�PRYLQJ�DYHUDJH�ÀOWHU�RI����VHF-
RQGV��7KH� UHVXOW� RI� WKH�PRYLQJ�DYHUDJH�ÀOWHU�
can be visualized as the mid-line between sys-
WROLF�DQG�GLDVWROLF�SHDNV��,QFOXVLRQ�RI�RQH�DG-
dition response peak, after the 15 second EW, 
was retained if the EDA slope remained pos-
LWLYH� IURP������ VHFRQGV� WR� WKH�ÀUVW� UHVSRQVH�
SHDN� DIWHU� WKH� (:�� 7KLV� FKDQJH�ZDV� QHHGHG�
LPSURYH� WKH� DELOLW\� RI� WKH� IHDWXUH� H[WUDFWLRQ�
SURFHGXUH� WR� WROHUDWH� WKH�SRWHQWLDO� FRPSOH[L-
ty of cardiovascular activity, which can some-
WLPHV�EH� LQÁXHQFHG�E\�UHVSLUDWLRQ�DFWLYLW\� LQ�
addition to cognitive, emotional and behav-
LRUDO� IDFWRUV��6LPLODU� WR� WKH�('$� IHDWXUH�� WKH�
cardio response feature can be visualized as 
WKH�PD[LPXP�GLVWDQFH�IURP�D�UHVSRQVH�RQVHW�
GXULQJ�WKH�52:�WR�D�SHDN�SRLQW�GXULQJ�WKH�(:��
One difference between the automated feature 
H[WUDFWLRQ� DQG� PDQXDO� IHDWXUH� H[WUDFWLRQ� LV�
WKDW�KXPDQ�H[DPLQHU�ZLOO�PRVW�RIWHQ�HYDOXDWH�
WKH�FDUGLR�GDWD�DW�WKH�GLDVWROLF�EDVHOLQH��7KLV�
procedure is thought to improve the reliabili-
W\�RI�YLVXDO�PDQXDO�IHDWXUH�H[WUDFWLRQ�DQG�LV�
premised on a strong correlation between the 
information contained in the diastolic line and 
PLG�OLQH��

Numerical transformation and data reduc-
tion. All physiological responses were mea-
sured in dimensionless units – not intended to 
UHSUHVHQW�D�SK\VLFDO�TXDQWLW\��7KLV�SHUPLWV�WKH�
scaling of data for visual display and plotting 
with no effect on the numerical transforma-
WLRQV�LQYROYLQJ�WKH�FRPSDULVRQ�RI�54�DQG�&4�
YDOXHV��'DWD�ZHUH�DVVXPHG�WR�EH�RUGLQDO�DQG�
LQWHUYDOLF�� )RU� ('$� DQG� FDUGLR� GDWD� JUHDWHU�
H[WUDFWHG�YDOXHV�ZHUH�DVVRFLDWHG�ZLWK�JUHDWHU�
FKDQJHV�LQ�SK\VLRORJLFDO�DFWLYLW\��)RU�UHVSLUD-
tion data the feature of interest to PDD testing 
is a reduction of respiration activity in respira-
WLRQ�DFWLYLW\�LQ�UHVSRQVH�WR�54V�DQG�&4V��7KLV�
meant that smaller respiration values were as-
sociated with a greater change in physiological 
DFWLYLW\�IRU�WKH�UHVSLUDWLRQ�VFRUHV��

Assumptions and constraints. Recorded 
SK\VLRORJLFDO�GDWD�DQG�H[WUDFWHG�YDOXHV�ZHUH�
not assumed to be linear, and no ratio as-
sumptions were employed in the transforma-
WLRQ�RI�H[WUDFWHG�UHVSRQVH�YDOXHV�WR�(66�LQWH-
JHU� YDOXHV��+RZHYHU�� VRPH� OLQHDU� FRQVWUDLQWV�
ZHUH�HPSOR\HG� WR�SUHYHQW� WKH�H[WUDFWLRQ�DQG�
VFRULQJ� RI� H[WUHPH� YDOXHV�� ([WUHPH� YDOXHV�
ZHUH�GHÀQHG�DV�OHVV�WKDQ����RI�WKH�PD[LPXP�
VFDOLQJ� YDOXH� IRU� YLVXDO� GLVSOD\� DQG�SORWWLQJ��
9DOXHV�VPDOOHU�WKDQ�WKH����WKUHVKROG�ZHUH�UH-
garded as potential noise, and therefore less 
likely to be an authentic response to the test 
stimuli, and were not used in the transforma-
WLRQ�RI�H[WUDFWHG�YDOXHV�WR�(66�VFRUHV��/HDYH�
RQH�RXW� ]�VFRUHV� ZHUH� FDOFXODWHG� IRU� DOO� H[-
tracted values for each recording sensor within 
HDFK�UHFRUGHG�WHVW�FKDUW��)RU�('$�DQG�FDUGLR�
GDWD�]�VFRUHV�LQ�H[FHVV�RI�����L�H������VWDQGDUG�
deviations) were regarded as data artifacts, 
possibly resulting from physical movement, 
DQG� ZHUH� H[FOXGHG� IURP� WKH� DQDO\VLV�� 1RQH�
RI�WKH�UHVSRQVHV�H[FHHHGHG�WKLV�YDOXH��]�!�����
for this sampling data, though other samples 
KDYH� LQFOXGHG�UHVSRQVH�DUWLIDFWV� LQ�H[FHVV�RI�
��� VWDQGDUG� GHYLDWLRQV�� ([WUDFWHG� UHVSRQVH�
values were assumed to be monotonic with 
FKDQJHV�LQ�SK\VLRORJ\��7KDW�LV��JUHDWHU�FKDQJ-
es in physiological activity were assumed to 
EH�DVVRFLDWHG�ZLWK�GLIIHUHQFHV�LQ�WKH�H[WUDFWHG�
QXPHULFDO�YDOXHV��

ESS integer scores. ESS integer scores were 
assigned using a three position scale of signed 
YDOXHV� >��� ��� �@� VLPLODU� WR� WKH� SURFHGXUH� IRU�
WKH�WKUHH�SRVLWLRQ�VFRULQJ�PHWKRG��2QH�GLIIHU-
ence between ESS scores and three-position 
scores is that ESS scores are obtained using 
only the primary response feature whereas the 
three-position and seven-position methods 
permit the combined use of primary and sec-
RQGDU\�UHVSRQVHV� �1DWLRQDO�&HQWHU� IRU�&UHGL-
ELOLW\�$VVHVVPHQW���������

(66�LQWHJHU�VFRUHV�ZHUH�DVVLJQHG�WR�HDFK�54�
DIWHU�FRPSDULQJ�DIWHU�FRPSDULQJ�WKH�54�ZLWK�D�
SDLUHG�&4��54�DQG�&4�SDLUV�ZHUH�VHOHFWHG�YLD�
automated algorithm using the procedure de-
VFULEHG�E\�1HOVRQ������F���)=&7�FDVHV�LQ�WKH�
VDPSOLQJ�GDWD�FRQVLVWHG�RI�WKUHH�54V�²�QDPHG�
5���5��� DQG�5����)RU� HDFK� UHFRUGLQJ� VHQVRU�
5��LV�FRPSDUHG�WR�HLWKHU�DGMDFHQW�&4��&��SUH-
FHGLQJ�WKH�54�RU�&��VXEVHTXHQW�WR�WKH�54��GH-
SHQGLQJ�RQ�ZKLFK�&4�KDV�WKH�JUHDWHU�FKDQJH�
LQ�SK\VLRORJLFDO�DFWLYLW\��8VH�RI�WZR�&4V�IRU�5��
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LQ�WKLV�PDQQHU�LV�WKRXJKW�WR�EHQHÀW�LQQRFHQW�
truthful persons in that a change in physio-
ORJLFDO�DFWLYLW\�DW� WKH�54�ZLOO�KDYH� WR� H[FHHG�
WKDW�RI�WZR�&4V�EHIRUH�GHFHSWLYH�VFRUH�FDQ�EH�
assigned – also will also provide them with two 
opportunities to produce a change in physi-
RORJLFDO�DFWLYLW\�DW�D�&4�WKDW�H[FHHGV� WKDW�RI�
WKH�54��5��LV�FRPSDUHG�RQO\�WR�WKH�SUHFHGLQJ�
&4��&����DQG�5���LV�DOVR�FRPSDUHG�RQO\�ZLWK�
WKH�SUHFHGLQJ�&4��)LHOG�SUDFWLFHV�SHUPLW� WKH�
rotation of some questions during the various 
iterations of the test question sequence; this is 
intended to distribute or balance effects relat-
ed to the position of each question in the se-
TXHQFH�DQG�DOVR�WR�GLVVXDGH�H[DPLQHHV�IURP�
memorizing or habituating to the question 
VHTXHQFH��5HJDUGOHVV�RI�WKH�URWDWLRQ�RI�TXHV-
WLRQV��WKH�ÀUVW�54�LQ�WKH�VHTXHQFH�LV�FRPSDUHG�
WR�WKH�ÀUVW�WZR�&4V��ZKLOH�WKH�VHFRQG�DQG�WKLUG�
54V�DUH�FRPSDUHG�RQO\�WR�WKH�SUHFHGLQJ�&4V��
(DFK�SDLUHG�54�DQG�&4�LV�VRPHWLPHV�UHIHUUHG�
WR�E\�SRO\JUDSK�ÀHOG�H[DPLQHUV�DV�DQ�DQDO\VLV�
VSRW�

Respiration constraints and numerical 
scores�� )RU� UHVSLUDWLRQ� GDWD�� (66� LQWHJHU�
VFRUHV�RI���VLJQ�YDOXH��LQGLFDWLYH�RI�WUXWK�WHOO-
ing, were assigned when a greater change in 
physiology was observed in response to the 
&4�� ZKLOH� VFRUHV� RI� ²� VLJQ� YDOXH�� LQGLFDWLYH�
of deception, were assigned when a greater 
change in physiology was observed in response 
WR�WKH�54��,Q�FRQWUDVW�WR�WKH�('$�DQG�FDUGLR�
data, greater changes physiology are observed 
LQ� UHVSLUDWLRQ� GDWD� DV� VPDOOHU� H[WUDFWHG� YDO-
ues – indicative of a greater reduction or sup-
SUHVVLRQ�RI�UHVSLUDWLRQ�DFWLYLW\��7R�SUHYHQW�WKH�
DQDO\VLV�RI�H[WUHPH�FKDQJHV�RU�H[WUHPH�YDOXHV�
that may result from voluntary or deliberate 
activity – such as that sometimes observed by 
persons attempting to alter or fake their test 
GDWD� DQG� UHVXOWV� ²� D� PD[LPXP� UHVSLUDWLRQ�
FRQVWUDLQW�UDWLR�RI�������ZDV�HPSOR\HG�RQ�WKH�
54�DQG�&4�DQDO\VLV�VSRWV��7KLV�FRQVWUDLQW�LV�
intended to prevent the assignment of a signed 
integer score when a takes a deep breath or 
KROGV� WKHLU� EUHDWK� LQ� UHVSRQVH� WR� DQ� 54� RU�
&4��$GGLWLRQDOO\��D�PLQLPXP�UHVSLUDWLRQ�FRQ-
VWUDLQW�UDWLR�RI��������ZDV�XVHG�WR�SUHYHQW�WKH�
assignment of numerical score to response 
differences that are not due to the test stimuli 
– and which may be considered noise resulting 
IURP�HLWKHU�QRUPDO�XQFRQWUROOHG�YDULDWLRQ� LQ�
respiration activity, or due to observed insta-

ELOLW\�WKDW�VRPH�SHUVRQV�H[KLELW�LQ�WKHLU�UHVSL-
UDWLRQ�UDWH�DQG�DPSOLWXGH��

ESS scores from the abdominal and thoracic 
respiration sensors are combined into a sin-
gle ESS score using the procedure described 
E\�1HOVRQ�DQG�.UDSRKO���������7KLV�SURFHGXUH�
is common to other manual scoring meth-
RGV�DQG�ZLOO�EH�IDPLOLDU�WR�PDQ\�ÀHOG�SUDFWL-
WLRQHUV��6FRUHV�DUH�FRPELQHG�WR�D�YDOXH�RI�]HUR�
(0) when the sign values are opposite for the 
thoracic and abdominal sensors, and are col-
lapsed to a single singed score when they are 
QRW�RSSRVLWH��

EDA and cardio constraints and numerical 
scores.�)RU�('$�DQG�FDUGLR�GDWD��(66�LQWHJHU�
VFRUHV�RI���VLJQ�YDOXH��LQGLFDWLYH�RI�WUXWK�WHOO-
ing, were assigned when a greater change in 
SK\VLRORJLFDO�DFWLYLW\�ZDV�REVHUYHG�DW�WKH�&4��
*UHDWHU�FKDQJHV�LQ�SK\VLRORJ\�DUH�REVHUYHG�LQ�
('$�DQG�FDUGLR�GDWD�DV� ODUJHU�H[WUDFWHG�YDO-
XHV��6FRUHV�RI�²�VLJQ�YDOXH��LQGLFDWLYH�RI�GHFHS-
tion, were assigned when a greater change in 
physiological activity was observed in response 
WR�WKH�54��6FRUHV�RI������VLJQ�YDOXH��ZHUH�DV-
signed when there was no observable  or ap-
preciable difference between the responses to 
DQ�54�DQG�&4�DQDO\VLV�VSRW��$�PLQLPXP�FRQ-
straint was used to prevent the assignment of 
VFRUH�WR�('$�DQG�FDUGLR�IRU�54�DQG�&4�DQDO-
ysis spots for which the observed difference in 
UHVSRQVH�PDJQLWXGH�ZDV�VPDOO��7KH�FRQVWUDLQW�
VHOHFWHG�IRU�WKLV�SURMHFW�ZDV�D�UDWLR�RI���������
IRU�54�DQG�&4�DQDO\VLV�VSRWV��7KLV�FRQVWUDLQW�
was the result of step-wise optimization of cor-
relation and receiver operating characteristic 
�52&��FRHIÀFLHQWV�ZLWK�RWKHU�GDWD��'LIIHUHQF-
HV�VPDOOHU�WKDQ����DUH�PRUH�OLNHO\�WR�EH�WKH�
result of physiological noise, and may also be 
WKH�UHVXOW�RI�XQNQRZQ� LQÁXHQFH�RQ� WKH�('$�
data when using an auto-centering EDA solu-
tion for which the design characteristics are 
XQNQRZQ�RU�XQGRFXPHQWHG��

Weighted EDA scores. ESS integer scores for 
EDA data are weighted more than for other re-
FRUGLQJ�VHQVRUV��7KLV�LV�DFFRPSOLVKHG�E\�GRX-
EOLQJ�DOO���DQG�²�LQWHJHU�YDOXHV�WR����DQG�����
7KH�HIIHFW�RI�WKLV�LV�WR�DSSUR[LPDWH�WKH�VWUXF-
WXUDO� DQG� VWDWLVWLFDO� FRHIÀFLHQWV� WKDW� KDYH�
been reported in numerous studies on PDD 
data analysis and computer algorithm devel-
RSPHQW� RYHU� D� SHULRG� RI� QHDUO\� ÀYH� GHFDGHV��
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>5HIHU�WR�1HOVRQ��������IRU�D�OLWHUDWXUH�VXUYH\�
RQ� VWUXFWXUDO� DQG� VWDWLVWLFDO� FRHIÀFLHQWV� IRU�
UHVSLUDWLRQ��('$��FDUGLR�DQG�YDVRPRWRU�GDWD�@

Data reduction.� %HFDXVH� (66� VFRUHV� DUH�
signed integer values, data reduction is a sim-
SOH�PDWWHU�RI�VXPPDWLRQ��6XEWRWDO�VFRUHV�DUH�
VXPPHG� IRU� HDFK� 54�� LQFOXGLQJ� DOO� VHQVRUV�
DQG� DOO� LWHUDWLRQV� RI� WKH� TXHVWLRQ� VHTXHQFH��
Subtotal scores are then summed for a grand 
WRWDO�VFRUH��$OWKRXJK�ÀHOG�SUDFWLFHV�DQG�RWK-
er analyses may often make use of subtotal 
scores, this project involves the analysis of 
RQO\�WKH�JUDQG�WRWDO�VFRUH��

Multinomial likelihood function and 
numerical cutscores

Likelihood function.� 7KH� VLPSOHVW� IRUP� RI�
likelihood function is a numerical cutscore 
that correspond to a known empirical likeli-
KRRG� RI� D� FRUUHFW� RU� LQFRUUHFW� FODVVLÀFDWLRQ��
)RUPDOO\��D�OLNHOLKRRG�IXQFWLRQ�LV�D�WRRO�²� LQ-
cluding possibly a mathematical or statistical 
formula, computer function or published ref-
erence table – that can be used to calculate 
or obtain a statistical value for the observed 
WHVW�GDWD��&XWVFRUHV�IRU�(66�VFRUHV�FDQ�EH�RE-
tained from multinomial reference tables and 
%D\HVLDQ�DQDO\VLV��

%RWK�JUDQG�WRWDO�FXWVFRUHV�DQG�VXEWRWDO�FXW-
scores can be used to classify the test data as 
either indicative of deception or truth-telling 
²�WKH�FRQWH[WXDO�DOOHJRU\�RI� WKH�PRUH�JHQHUDO�
WHUPV�SRVLWLYH�DQG�QHJDWLYH��3XEOLVKHG�VWXG-
ies have consistently shown that grand total 
VFRUHV�SURYLGH�WKH�KLJKHVW�UDWHV�RI�FODVVLÀFD-
WLRQ�DFFXUDF\��>5HIHU�WR�$3$��������IRU�D�VXP-
mary of effect sizes for validated polygraph 
WHFKQLTXHV�@� 7KLV� LV� QRW� EH� VXUSULVLQJ� ZKHQ�
considering that grand total scores make use 
of more information than the question subtotal 
scores and will therefore provide reduced vari-
ation and more opportunity for data to con-
YHUJH��7KLV�VRPHWLPHV�UHIHUUHG�WR�DV�WKH�ZHDN�
law of large numbers (Dekking, 2005) – a re-
lated to the central limit theorem which states 
that the means of randomly selected samples 
will be normally distributed and will converge 
WRZDUGV�WKH�XQNQRZQ�SRSXODWLRQ�PHDQ�� ,W� LV�
the main reason that it is advantageous to 
have many samples (for which meta-analysis 
can also be used) and the reason that larger 
VDPSOHV�DUH�SUHIHUUHG�RYHU�VPDOOHU�VDPSOHV�

7KH�TXHVWLRQ�RI�JUHDW�LPSRUWDQFH�LV�WKLV�TXHV-
WLRQ�� ZKDW� QXPHULFDO� FXWVFRUHV� DUH�PRVW� HI-
IHFWLYH�RU�PRVW�HIÀFLHQW�WR�FODVVLI\�WHVW�UHVXOWV�
as indicative of deception or truth-telling? Or, 
more precisely, what probabilistic inferences 
about deception and truth-telling can be made 
about the numerical cutscores and resulting 
FODVVLÀFDWLRQV"�%HFDXVH�VFLHQWLÀF�WHVWLQJ�DQG�
VFLHQWLÀF�WHVW�GDWD�DQDO\VLV�LV�LQKHUHQWO\�SURE-
abilistic (given that the purpose of any scien-
WLÀF�WHVW�LV�WR�TXDQWLI\�D�SKHQRPHQD�RI�LQWHUHVW�
that cannot be subject to physical measure-
PHQW��� ÀHOG� H[DPLQHUV� DQG� SURJUDP�PDQDJ-
ers will be primarily interested in this more 
SUDFWLFDO� YHUVLRQ�RI� WKH� VDPH�TXHVWLRQ��ZKDW�
numerical cutscores will provide an optimal 
H[SHULHQFH� RI� FRUUHFW� YV� LQFRUUHFW� RXWFRPHV"�
,Q�VFLHQWLÀF� WHUPV�WKLV� LV� WKH�TXHVWLRQ�RI�VH-
lecting numerical cutscores that will optimize 
WKH�GHVLUHG�REVHUYDWLRQ�RI�71��73��)1��DQG�)3�
UHVXOWV��,Q�WKH�SRO\JUDSK�FRQWH[W�WKH�DQVZHU�WR�
this question will be considered with regard to 
the additional outcome potential for inconclu-
VLYH�RXWFRPHV��

Analytic theory of polygraph testing�� 7KH�
analytic theory of polygraph testing – under 
which the multinomial distributions of ESS 
and three-position scores are calculated – 
holds that greater changes in physiology will 
EH�ORDGHG�DW�GLIIHUHQW�W\SHV�RI�WHVW�VWLPXOL��L�H���
relevant and comparison questions) as a func-
tion of deception or truth-telling in response to 
WKH�UHOHYDQW�RU�WDUJHW�VWLPXOL��>5HIHU�WR�1HOVRQ�
(2016) for a discussion of the analytic theory of 
WKH�SRO\JUDSK�WHVW�@�,Q�SRO\JUDSK�WHVWLQJ��VRPH�
XQFRQWUROOHG�YDULDWLRQ�LV�H[SHFWHG�DW�WKH�OHYHO�
of each sensor and each presentation of each 
54��H�J���LW�LV�QRW�H[SHFWHG�WKDW�VFRUHV�ZLOO�EH�
RI�XQLIRUP�VLJQ�YDOXH����7R�WKH�GHJUHH�WKDW�WKH�
theory of PDD testing is valid (supported by 
evidence), and PDD sensors record valid data 
(data and scores that are loaded as a func-
tion of deception or truth-telling and not mere 
randomness) the convergence of subtotal and 
grand total scores can be used to make statis-
tical inferences about reality – the degree to 
which a person is probably deceptive or prob-
DEO\�WUXWKIXO�� ,Q�RWKHU�ZRUGV�� LW� LV�WKH�DJJUH-
gation of subtotal and grand total scores that 
will be used to classify the test data as indica-
WLYH�RI�GHFHSWLRQ�RU�LQGLFDWLYH�RI�WUXWK�WHOOLQJ��

$JJUHJDWLRQ�RI�VFRUHV�IURP�PXOWLSOH�54��PXOWL-
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SOH�&4V��PXOWLSOH�UHFRUGLQJ�VHQVRUV��DQG�PXO-
tiple iterations of the question relies on the 
ODZ�RI�ODUJH�QXPEHUV� �//1�� � ²� ZKLFK� IRU� WKH�
aggregation of PDD scores will converge to be-
FRPH�ORDGHG�WR�D�YDOXH�RI�HLWKHU���RU�²�VLJQ�YDO-
ue as a function of deception or truth-telling in 
UHVSRQVH�WR�WKH�54V��7KH�//1�DOVR�SURYLGHV�LQ-
VLJKW�DV�WR�ZK\�RYHUDOO�FODVVLÀFDWLRQ�DFFXUDF\�
ZLWK�JUDQG�WRWDO�VFRUHV�LV�H[SHFWHG�WR�FRQWLQXH�
WR� RXWSHUIRUP� RYHUDOO� FODVVLÀFDWLRQ� DFFXUDF\�
ZLWK�VXEWRWDO�VFRUHV�

0XOWLQRPLDO� GLVWULEXWLRQ� LV� FDOFXODWHG� XQ-
GHU� WKH� DQDO\WLF� WKHRU\�� 7KH� PDWKHPDWLFDO�
VWDWLVWLFDO� GLVWULEXWLRQ� RI� GDWD� YDOXHV� �L�H���
all possible ESS scores and the probabilities 
associated with each) can be characterized 
HPSLULFDOO\��E\�REWDLQLQJ�GDWD�IURP�UHDOLW\��$�
distribution of ESS scores can also be calcu-
lated using only information subject to math-
ematical and logical proof under a proposed 
WKHRU\�� 0DWKHPDWLFDO� FKDUDFWHUL]DWLRQ� RI� D�
distribution of scores is often accomplished 
XQGHU�WKH�QXOO�K\SRWKHVLV�WR�D�WKHRU\��7KLV�LV�
EHFDXVH�LW� LV�RIWHQ�GLIÀFXOW� �UHDG�� LPSRVVLEOH��
to mathematically characterize a proposed 
theory while the (null-hypothesis) can often be 
easily characterized as a distribution of ran-
GRP�YDOXHV��$�ZHOO�NQRZQ�GLVWULEXWLRQ�LV�WKH�
*DXVVLDQ�RU�QRUPDO��EHOO�FXUYHG��GLVWULEXWLRQ��
We use our mathematical knowledge of statis-
tical distribution to make inferences about in-
dividual cases relative to the population of all 
possibilities that is represented by the statisti-
FDO�GLVWULEXWLRQ��,Q�WKH�SRO\JUDSK�FRQWH[W��EH-
FDXVH�WKHUH�LV�D�ÀQLWH��WKRXJK�ODUJH��QXPEHU�
of all possible combinations of ESS scores for 
all iterations of all questions and all sensors, 
the statistical distribution of ESS scores is 
QRW�*DXVVLDQ��EXW�LV�PXOWLQRPLDO��7KH�GLVWUL-
bution of ESS scores is multinomial because 
WKHUH�DUH�WKUHH�SRVVLEOH�YDOXHV�IRU�HDFK�VFRUH��

7KH� PXOWLQRPLDO� GLVWULEXWLRQ� RI� (66� VFRUHV�
ZLOO�H[KLELW�D�EHOO�VKDSH��VRPHZKDW�VLPLODU�WR�
the normal distribution, though with discrete 
YDOXHV�IRU�HDFK�SRVVLEOH�WHVW�VFRUH��8QGHU�WKH�
null-hypotheses – that scores are not loaded 
in any systematic way and can therefore be 
characterized as random – most multinomial 
scores will occur near the middle of the distri-
bution (near zero) with only one possible way 
WR� DFKLHYH� WKH�PD[LPXP� RU�PLQLPXP� VFRUH�
�XQLIRUP���RU�²�VFRUHV�IRU�HYHU\�LWHUDWLRQ�RI�HY-

HU\�TXHVWLRQ�DQG�HYHU\�VHQVRU���7KHUH�LV�D�À-
nite, though large, number of possible combi-
QDWLRQV�RI�>�������@�VFRUHV�IRU�HDFK�H[DP��7KHUH�
LV�DOVR�D�ÀQLWH�QXPEHU�RI�ZD\V�WR�DUUDQJH�WKH�
>�������@�VFRUHV�WR�DFKLHYH�HDFK�SRVVLEOH�VFRUH��

7KH�PXOWLQRPLDO�GLVWULEXWLRQ�RI�VFRUHV�LV�D�OLVW�
of all possible scores and the probability asso-
ciated with each; it can be calculated using a 
FRPELQDWRULF�IRUPXOD��,W�FDQ�DOVR�EH�FDOFXODWHG�
�VRPHWLPHV�PRUH�HDVLO\�DQG�TXLFNO\��YLD�0RQ-
WH�&DUOR�VLPXODWLRQ���0XOWLQRPLDO�FDOFXODWLRQV�
GXULQJ�WKH�0DQKDWWDQ�3URMHFW�ZHUH�DQ�LPSHWXV�
IRU�WKH�GHYHORSPHQW�RI�0RQWH�&DUOR�VWDWLVWLFDO�
PHWKRGV��� 7KH� PXOWLQRPLDO� GLVWULEXWLRQV� IRU�
(66�DQG�WKUHH�SRVLWLRQ�VFRUHV��1HOVRQ������D��
����D��DUH�DQ�H[DFW�FDOFXODWLRQ��0RVW�LPSRU-
tantly, our knowledge and information about 
the multinomial distribution of ESS scores can 
be used to make statistical inferences about 
UHDOLW\��L�H���FODVVLÀFDWLRQV�XQGHU�XQFHUWDLQW\���
$OO� WKDW� LV� QHFHVVDU\� LV� WR� ÀUVW� FDOFXODWH� WKH�
likelihood statistic for an observed score, if 
loaded for deception or truth-telling, and then 
use the statistical value from the multinomial 
GLVWULEXWLRQ�DV�D�OLNHOLKRRG�IXQFWLRQ�LQ�%D\HV-
ian analysis of the likelihood of deception or 
WUXWK�WHOOLQJ��

In addition to ESS scores, a multinomial 
distributions have also been published for 
WKUHH�SRVLWLRQ� VFRUHV� �1HOVRQ�� ����D��� 7KLV�
is possible because the three-position meth-
od relies on the bigger-is-better rule for which 
reactions that are recorded and measured, 
regardless of whether using standardized or 
GLPHQVLRQOHVV�DUELWUDU\� PHDVXUHPHQW� XQLWV��
are objectively either larger, smaller or equiv-
DOHQW�� 7KHVH� GLIIHUHQFHV� DUH� ODUJHU� EHFDXVH�
there is mathematical proof that successive 
numbers, whether positive or negative, can in 
factual reality, represent in larger and smaller 
quantities – including when those quantities 
are not assigned a standardized measurement 
XQLW��)RU�WKLV�UHDVRQ��UHVXOWV�LQ�WKLV�DQDO\VLV�
were also calculated for grand total scores of 
)HGHUDO� WKUHH� SRVLWLRQ� VFRUHV��8QIRUWXQDWHO\��
QR�PXOWLQRPLDO�GLVWULEXWLRQ�H[LVWV�IRU�)HGHUDO�
seven-position scores – due to arbitrary deci-
VLRQV� �L�H���ZLWKRXW�PDWKHPDWLFDO�SURRI��DV�WR�
the differences in physiological activity that 
FRUUHVSRQG�WR�WKH�VHYHQ�SRVLWLRQ�VFDOH�YDOXHV��
Automation of seven-position scores cannot be 
accomplished using only facts and informa-
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tion subject to mathematical and logical proof, 
DQG� IRU� WKLV� UHDVRQ� TXHVWLRQV� DERXW� FODVVLÀ-
cation accuracy of seven-position grand total 
VFRUH�ZHUH�QRW�DGGUHVVHG�LQ�WKLV�SURMHFW��

Bayesian multinomial cutscores. Something 
that would be of great convenience would be 
to determine numerical cutscores that pro-
YLGH�ERWK�D�VWDWLVWLFDO�FODVVLÀHU�DQG�DOVR�SUR-
vide information about the practical meaning 
RI�WKH�SUREDELOLVWLF�VWUHQJWK�RI�WKH�FODVVLÀFD-
WLRQ��0XOWLQRPLDO�FXWVFRUHV�IRU�(66�FRUHV��DQG�
WKUHH�SRVLWLRQ�VFRUHV�� WRJHWKHU�ZLWK�%D\HVLDQ�
DQDO\VLV�GR�MXVW�WKDW��:KHUHDV�HDUO\�ZRUN�RQ�
polygraph algorithms relied on statistical clas-
VLÀHUV�WKDW�ZHUH�QRW�LQWHQGHG�WR�RIIHU�SUDFWLFDO�
intuition or practical inference, multinomial 
FXWVFRUHV�� FDOFXODWHG� XVLQJ� %D\HVLDQ� PHWK-
ods, quantify both the practical or system-
atic likelihoods associated with deception or 
truth-telling in addition to the random error 
estimate associated with different outcomes 
that may result from the analysis of other data 
QRW� DYDLODEOH� WR� WKH�SUHVHQW� DQDO\VLV��%D\HV-
ian analysis is based on an assumption that 
WKH� DYDLODEOH� VDPSOH�WHVW� GDWD� DUH� DOO� RI� WKH�
information available with which to make a 
FRQFOXVLRQ� �6WRQH�� ������ :LQNOHU�� ������� ,Q�
contrast, frequentist inference is based on an 
DVVXPSWLRQ� WKDW� WKH� DYDLODEOH� VDPSOH�WHVW�
data are informative of the other data and in-
formation that could potentially be obtained 
from the universe and reality as it pertains 
to the individual and the behavioral target of 
D�3''� LQYHVWLJDWLRQ�� >6HH�1HOVRQ� �����G�� IRU�
D� EULHI� GHVFULSWLRQ� RI� %D\HVLDQ� DQDO\VLV� DQG�
QXOO�K\SRWKHVLV� VLJQLÀFDQFH� WHVWLQJ�@� ,W� LV� RI-
WHQ�WKH�FDVH�WKH�VFLHQWLVWV�DQG�VFLHQWLÀF�PHWK-
ods may utilize a combination of frequentist 
DQG� %D\HVLDQ� DVVXPSWLRQV�� >5HIHU� WR� 1HOVRQ�
�����F��IRU�D�GHVFULSWLRQ�RI�%D\HVLDQ�DQDO\VLV�
DQG�WKH�(66�0�@

ESS Multinomial cutscores for grand total 
scores��)RU�JUDQG�WRWDO�VFRUHV�ZLWK�)=&7�VDP-

ple cases the multinomial grand total cutscores 
DUH�����RU�ORZHU�IURP�GHFHSWLYH�FODVVLÀFDWLRQV�
DQG����RU�JUHDWHU� IRU� WUXWKIXO�FODVVLÀFDWLRQV��
7KHUH�FXWVFRUHV�ZHUH�VHOHFWHG�IURP�WKH�PXOWL-
nomial distribution of all possible ESS scores 
(also the distribution of all possible ESS cut-
scores) at the point for which the random error 
estimate – indicated by the lower-limit of the 
%D\HVLDQ� FUHGLEOH� LQWHUYDO� ²� SURYLGHV� D� VWD-
WLVWLFDOO\� VLJQLÀFDQW� OLNHOLKRRG� �ZLWK�DOSKD� � �
�����RI�FRQWLQXLQJ�WR�REVHUYH�WKH�VDPH�DQDO\W-
LF�UHVXOW��GHVSLWH�H[SHFWHG�YDULDWLRQ��LI�LW�ZHUH�
SRVVLEOH�WR�UHSHDW�WKH�H[DPLQDWLRQ�RU�DQDO\VLV�
QXPHURXV�WLPHV��>5HIHU�WR�1HOVRQ������G��IRU�
a graphical illustration on the calculation of 
%D\HVLDQ�(66�0�FXWVFRUHV�@�

Multinomial cutscores for three-position 
grand total scores.�)RU�WKUHH�SRVLWLRQ�VFRUHV�
the multinomial cutscores can be calculated 
XVLQJ�WKH�VDPH�%D\HVLDQ�DQDO\WLF�PHWKRGV�DV�
IRU�WKH�(66��0XOWLQRPLDO�FXWVFRUHV�IRU�JUDQG�
total scores of three-position scores are -2 or 
ORZHU� IRU� GHFHSWLYH� FODVVLÀFDWLRQV� DQG� ��� RU�
JUHDWHU�IRU�WUXWKIXO�FODVVLÀFDWLRQV��>$OVR�UHIHU�
WR�1HOVRQ�������� IRU�D�WDEXODU�GHPRQVWUDWLRQ�
RI� (66�0� DQG� WKUHH�SRVLWLRQ� FXWVFRUHV� IRU� D�
range of prior probabilities and different al-
pha levels for deceptive and truthful clas-
VLÀFDWLRQV�@� 7DEOH� �� VKRZV� WKH� PXOWLQRPL-
al cutscores for grand total scores with the 
three-position scoring method, along with the 
WUDGLWLRQDO�FXWVFRUHV�IRU�JUDQG�WRWDO�VFRUHV�

Traditional cutscores.�7UDGLWLRQDO�QXPHULFDO�
cutscores were selected initially for older and 
PRUH�FRPSOH[�VHYHQ�SRVLWLRQ�VFRULQJ�PHWKRGV��
they too have been initially derived empirically 
and heuristically, and then subject to subse-
TXHQW�DQDO\VLV�IRU�WKHLU�FODVVLÀFDWLRQ�HIÀFLHQ-
F\��7UDGLWLRQDO�FXWVFRUHV�IRU�JUDQG�WRWDO�VFRUHV�
IRU�)=&7�H[DPV�DUH�����RU�ORZHU�IRU�GHFHSWLYH�
FODVVLÀFDWLRQV� DQG� ��� RU� JUHDWHU� IRU� WUXWKIXO�
FODVVLÀFDWLRQV�� $Q� LPSRUWDQW� FRQVLGHUDWLRQ�
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Traditional cutscores. Traditional numerical cutscores were selected initially for older and more 
complex seven-position scoring methods; they too have been initially derived empirically and 
heuristically, and then subject to subsequent analysis for their classification efficiency. Traditional 
cutscores for grand total scores for FZCT exams are -6  or lower for deceptive classifications and +6 or 
greater for truthful classifications. An important consideration here is that field practice standards for 
Federal examiners who use the FZCT do not involve the use of grand total scores alone, and will 
instead involve a combination of grand total and subtotal scores. Although it is tempting to delve here 
and now into an empirical investigation of those procedures, and although little work has been 
published on the topic of decision rules since Senter and Dollins (2003), the purpose of this project was 
only to advance the available knowledge on effect sizes for numerical cutscores for grand total scores.  
 
Another important consideration is that traditional grand total cutscores are also used with the three-
position scoring method, leading to higher rates of inconclusive results for the three-position scoring 
method (APA, 2011) and the need to devote additional resources toward the resolution of these. Higher 
inconclusive rates also create a context for the emergence or reliance on covert solutions to reduce their 
occurrence. Most importantly, traditional cutscores were first suggested decades ago for the earlier and 
more complex seven-position scoring methods, and have remained unchanged despite scientific 
innovations in PDD data analysis and despite known and expected differences in the distribution of 
possible scores. Continued use of these traditional cutscores is a reflection of the fact that, although 
perhaps sub-optimal, outcome effects are reasonably known, and a more optimal solution, ideally 
supported by both theory and scientific evidence, has not yet been decided upon.  
 
 Interpretation and classification of analytic results. 
 
Interpretation, in this usage, refers to the translation of numerical and statistical test results into 
categorical test results for which consistent and rational actionable decisions can be made. 
Interpretation and classification of test result is accomplished procedurally through the use of 
structured decision rules. Because this project involves the study of grand total cutscores, the decision 
rule of interest is the GTR.  
 
Grand-total-rule. Execution of the GTR is a matter of summing the subtotal scores to obtain a grand 
total score. The grand total score is then compared to the numerical cutscores for grand total scores. 
Multinomial cutscores for the ESS and three-position methods are shown in Table 3. For ESS the 
multinomial cutscores are -3 or lower for deceptive classifications, and +3 or greater for truthful 
classifications. For three-position scores the multinomial cutscores are -2 or lower for deceptive 
classifications, and +2 or greater for truthful classifications. These cutscores are assuming a prior 
probability of 0.5. Traditional numerical cutscores for grand total scores are -6 or lower for deceptive 
classifications, and +6 or greater for truthful classifications. Traditional cutscores were derived for 
early seven-position scoring methods. Intuition suggests they may be inefficient for ESS and three-
position scores – leading to higher rates of inconclusive results and over-reliance on subtotal scores. 
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KHUH�LV�WKDW�ÀHOG�SUDFWLFH�VWDQGDUGV�IRU�)HGHU-
DO�H[DPLQHUV�ZKR�XVH�WKH�)=&7�GR�QRW�LQYROYH�
the use of grand total scores alone, and will 
instead involve a combination of grand total 
DQG�VXEWRWDO�VFRUHV��$OWKRXJK�LW�LV�WHPSWLQJ�WR�
delve here and now into an empirical investi-
gation of those procedures, and although little 
work has been published on the topic of deci-
VLRQ�UXOHV�VLQFH�6HQWHU�DQG�'ROOLQV���������WKH�
purpose of this project was only to advance 
the available knowledge on effect sizes for nu-
PHULFDO�FXWVFRUHV�IRU�JUDQG�WRWDO�VFRUHV�

Another important consideration is that tradi-
tional grand total cutscores are also used with 
the three-position scoring method, leading to 
higher rates of inconclusive results for the 
three-position scoring method (APA, 2011) and 
the need to devote additional resources toward 
WKH� UHVROXWLRQ� RI� WKHVH�� +LJKHU� LQFRQFOXVLYH�
UDWHV�DOVR�FUHDWH�D�FRQWH[W�IRU�WKH�HPHUJHQFH�
or reliance on covert solutions to reduce their 
RFFXUUHQFH��0RVW�LPSRUWDQWO\��WUDGLWLRQDO�FXW-
VFRUHV�ZHUH�ÀUVW�VXJJHVWHG�GHFDGHV�DJR�IRU�WKH�
HDUOLHU�DQG�PRUH�FRPSOH[�VHYHQ�SRVLWLRQ�VFRU-
ing methods, and have remained unchanged 
GHVSLWH� VFLHQWLÀF� LQQRYDWLRQV� LQ� 3''� GDWD�
DQDO\VLV�DQG�GHVSLWH�NQRZQ�DQG�H[SHFWHG�GLI-
IHUHQFHV�LQ�WKH�GLVWULEXWLRQ�RI�SRVVLEOH�VFRUHV��
&RQWLQXHG�XVH�RI�WKHVH�WUDGLWLRQDO�FXWVFRUHV�LV�
D�UHÁHFWLRQ�RI�WKH�IDFW�WKDW��DOWKRXJK�SHUKDSV�
sub-optimal, outcome effects are reasonably 
known, and a more optimal solution, ideally 
VXSSRUWHG� E\� ERWK� WKHRU\� DQG� VFLHQWLÀF� HYL-
GHQFH��KDV�QRW�\HW�EHHQ�GHFLGHG�XSRQ��

,QWHUSUHWDWLRQ�DQG�FODVVLÀFDWLRQ�RI�DQDO\WLF�
results.

Interpretation, in this usage, refers to the 
translation of numerical and statistical test 
results into categorical test results for which 
consistent and rational actionable decisions 
FDQ� EH� PDGH�� ,QWHUSUHWDWLRQ� DQG� FODVVLÀFD-
tion of test result is accomplished procedur-
ally through the use of structured decision 
UXOHV��%HFDXVH�WKLV�SURMHFW�LQYROYHV�WKH�VWXG\�
of grand total cutscores, the decision rule of 
LQWHUHVW�LV�WKH�*75��

Grand-total-rule.� ([HFXWLRQ� RI� WKH�*75� LV� D�
matter of summing the subtotal scores to ob-
WDLQ�D�JUDQG�WRWDO�VFRUH��7KH�JUDQG�WRWDO�VFRUH�
is then compared to the numerical cutscores 
IRU�JUDQG�WRWDO�VFRUHV��0XOWLQRPLDO�FXWVFRUHV�

for the ESS and three-position methods are 
VKRZQ� LQ� 7DEOH� ��� )RU� (66� WKH�PXOWLQRPLDO�
FXWVFRUHV�DUH����RU�ORZHU�IRU�GHFHSWLYH�FODVVL-
ÀFDWLRQV��DQG����RU�JUHDWHU�IRU�WUXWKIXO�FODVVL-
ÀFDWLRQV��)RU�WKUHH�SRVLWLRQ�VFRUHV�WKH�PXOWL-
nomial cutscores are -2 or lower for deceptive 
FODVVLÀFDWLRQV��DQG����RU�JUHDWHU� IRU� WUXWKIXO�
FODVVLÀFDWLRQV��7KHVH�FXWVFRUHV�DUH�DVVXPLQJ�
D�SULRU�SUREDELOLW\�RI������7UDGLWLRQDO�QXPHU-
ical cutscores for grand total scores are -6 or 
ORZHU� IRU�GHFHSWLYH� FODVVLÀFDWLRQV��DQG����RU�
JUHDWHU�IRU�WUXWKIXO�FODVVLÀFDWLRQV��7UDGLWLRQDO�
cutscores were derived for early seven-posi-
WLRQ�VFRULQJ�PHWKRGV��,QWXLWLRQ�VXJJHVWV�WKH\�
PD\�EH�LQHIÀFLHQW�IRU�(66�DQG�WKUHH�SRVLWLRQ�
scores – leading to higher rates of inconclusive 
UHVXOWV�DQG�RYHU�UHOLDQFH�RQ�VXEWRWDO� VFRUHV��
Although the use of subtotal scores, in addi-
tion to grand total scores, may improve clas-
VLÀFDWLRQ�ZLWK�GHFHSWLYH�FDVHV��WKLV�ZLOO�LQWUR-
duce statistical multiplicity effects and may 
bias overall accuracy in unfortunate or unin-
WHQGHG�ZD\V��)RU�WKLV�UHDVRQ��XQGHUVWDQGLQJ�
and selection of optimal grand total cutscores 
may increase the accuracy effect sizes for the 
)=&7�FDVHV��

%D\HVLDQ� DQDO\WLF� FODVVLÀFDWLRQ� RI� GHFHS-
tion or truth-telling.�0XOWLQRPLDO� JUDQG� WR-
tal cutscores, for both ESS and three-posi-
WLRQ�VFRUHV��SURYLGH�D�%D\HVLDQ�SRVWHULRU�RGGV�
�V\VWHPDWLF� HUURU�� HVWLPDWH� RI� DSSUR[LPDWHO\�
���� GHFHSWLRQ� DQG� WUXWK�WHOOLQJ�� SHUPLWWLQJ� D�
��DOSKD�[������� �����OLNHOLKRRG�RI�REVHUYLQJ�
DQRWKHU�DQDO\WLF�UHVXOW�RI�DW�OHDVW�WKLV�YDOXH��,Q�
practical terms, test scores at this level are suf-
ÀFLHQW�DFFHSW�WKH�QRWLRQ�WKDW�UHFRUGHG�SK\VL-
ological activity is loaded systematically, and 
to reject the notion that the scores are loaded 
LQ�D�UDQGRP�RU�PHDQLQJOHVV�XQ�LQWHUSUHWDEOH�
XQ�FODVVLÀDEOH� ZD\�� $OWKRXJK� ���� RGGV� PD\�
not be spectacular, it is important to recognize 
WKDW� FODVVLÀFDWLRQV�PDGH�DW� D� VFRUH� RI� ������
RU�������FDQQRW��ZKHQ�FRQVLGHULQJ�WKH�UDQJH�
of the distribution of possible scores, be rea-
VRQDEO\�H[SHFWHG�WR�SURYLGH�VSHFWDFXODU�DFFX-
UDF\��(TXDOO\�LPSRUWDQW��SRVWHULRU�RGGV�RI�����
may provide actionable knowledge for some 
FLUFXPVWDQFHV��)RU�H[DPSOH��FRQVLGHU�WKH�LQ-
formation that the odds of a particular bridge 
FROODSVLQJ�XQGHU�ZHLJKW�DUH�HVWLPDWHG�DW������
0DQ\�UHDVRQDEOH�SHUVRQV�PLJKW�EH�TXLWH�KHV-
LWDQW� WR�PDNH� XVH� RI� WKDW� EULGJH��2I� FRXUVH��
FLUFXPVWDQFHV�ZLOO�DOVR�H[LVW�WKDW�PD\�UHTXLUH�
a stronger basis of actionable probabilistic in-
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IRUPDWLRQ� WKDQ����� SRVWHULRU� RGGV�� )RU�PRVW�
estimated prior probabilities, these needs can 
be met via the multinomial reference data and 
the selection of numerical cutscores that will 
constrain systematic and random error rates 
to required levels. 

Results

&ODVVLÀFDWLRQV�IRU�GHFHSWLRQ�DQG�WUXWK�WHOOLQJ�
ZHUH� FDOFXODWHG� IRU� HDFK� RI� WKH� WZR� )=&7�
VDPSOHV��%HFDXVH�SRO\JUDSK�ÀHOG�SUDFWLWLRQHUV�
commonly discuss test accuracy effects in 
terms of the proportions of correct, incorrect 

and inconclusive conclusions, accuracy effects 
are presented in this way – instead of using 
HIIHFWV� VL]HV� WKDW� FRPSDUH� FODVVLÀFDWLRQV� WR�
FKDQFH�OHYHOV�

5HVXOWV� IRU� VDPSOH� ��� Q ���� FRQÀUPHG�
)=&7�ÀHOG�H[DPV�

7KHUH�ZHUH�QR�FDVHV� WKDW�FKDQJHG� IURP�SRV-
LWLYH� WR� QHJDWLYH� FODVVLÀFDWLRQ� DQG� QR� FDVHV�
that changed from negative to positive clas-
VLÀFDWLRQ� DV� D� UHVXOW� RI� WKH� VFRULQJ� PHWKRG�
RU�W\SH�RI�FXWVFRUH�IRU�WKLV�VDPSOH��Q �����RI�
FRQÀUPHG�ÀHOG�FDVHV��7DEOH���VKRZV�WKH�WHVW�
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Inspection of the rows in Table 2 indicates that the confidence intervals are substantially overlapping 
for the proportions of errors produced by the four treatments. However, some differences can be 
observed in sensitivity, specificity and inconclusive results. Both sensitivity to deception and specificity 
to truth-telling were greater for ESS scores and for multinomial cutscores. Inconclusive rates were 
lower for ESS scores and for multinomial cutscores. The frequency of TP and TN results was greater 
for the ESS and multinomial cutscores and lower for three-position and traditional cutscores. The 
frequencies of inconclusive results were higher for traditional cutscores and lower for multinomial 
cutscores.  
 
Results for sample 2, n=60 confirmed FZCT field exams.  
 
For the second sample of n=60 FZCT cases, there were no cases for which the classification changed 
from positive to negative or from negative to positive as a result of the scoring method or cutscore type. 
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DFFXUDF\�PHWULFV�IRU�FODVVLÀFDWLRQV�XVLQJ�WKH�
*75�ZLWK�ERWK�WUDGLWLRQDO�FXWVFRUHV�DQG�PXO-
tinomial cutscores for ESS and three-position 
VFRUHV��,QFOXGHG�LQ�7DEOH���DUH�WKH�HUURU�DQG�
inconclusive rates, along with the proportion 
RI� FRUUHFW� FODVVLÀFDWLRQV� H[FOXGLQJ� LQFRQFOX-
VLYH�UHVXOWV��$OVR�LQFOXGHG�LQ�7DEOH���DUH�WKH�
VHQVLWLYLW\��73��DQG�VSHFLÀFLW\��71��UDWHV��DORQJ�
ZLWK�)1�DQG�)3�HUURU�UDWHV��2WKHU�PHWULFV�LQ�
7DEOH���DUH�WKH�SRVLWLYH�SUHGLFWLYH�YDOXH��339��
calculated as the proportion of true positive 
results and all positive results, and negative 
SUHGLFWLYH�YDOXH��139��ZKLFK�LV�WKH�SURSRUWLRQ�
RI� WUXH� QHJDWLYH� DQG� DOO� QHJDWLYH� FODVVLÀFD-
WLRQV��$OVR� VKRZQ�DUH� WKH�SURSRUWLRQ� RI� FRU-
rect decisions for guilty and innocent cases 
H[FOXGLQJ� LQFRQFOXVLYH�UHVXOW��DORQJ�ZLWK�WKH�
unweighted accuracy and unweighted incon-
FOXVLYH�UDWHV��

,QVSHFWLRQ�RI�WKH�URZV�LQ�7DEOH���LQGLFDWHV�WKDW�
WKH�FRQÀGHQFH�LQWHUYDOV�DUH�VXEVWDQWLDOO\�RYHU-
lapping for the proportions of errors produced 
E\�WKH�IRXU�WUHDWPHQWV��+RZHYHU��VRPH�GLIIHU-
HQFHV�FDQ�EH�REVHUYHG�LQ�VHQVLWLYLW\��VSHFLÀF-
LW\�DQG� LQFRQFOXVLYH� UHVXOWV��%RWK�VHQVLWLYLW\�
WR� GHFHSWLRQ� DQG� VSHFLÀFLW\� WR� WUXWK�WHOOLQJ�
were greater for ESS scores and for multino-

PLDO�FXWVFRUHV��,QFRQFOXVLYH�UDWHV�ZHUH�ORZHU�
IRU�(66�VFRUHV�DQG�IRU�PXOWLQRPLDO�FXWVFRUHV��
7KH�IUHTXHQF\�RI�73�DQG�71�UHVXOWV�ZDV�JUHDW-
er for the ESS and multinomial cutscores and 
lower for three-position and traditional cut-
VFRUHV��7KH�IUHTXHQFLHV�RI�LQFRQFOXVLYH�UHVXOWV�
were higher for traditional cutscores and lower 
IRU�PXOWLQRPLDO�FXWVFRUHV�

5HVXOWV�IRU�VDPSOH����Q ���FRQÀUPHG�)=&7�
ÀHOG�H[DPV��

)RU� WKH� VHFRQG� VDPSOH� RI� Q ��� )=&7� FDVHV��
WKHUH�ZHUH�QR�FDVHV� IRU�ZKLFK� WKH�FODVVLÀFD-
tion changed from positive to negative or from 
negative to positive as a result of the scoring 
PHWKRG�RU�FXWVFRUH�W\SH�

,QVSHFWLRQ� RI� WKH� URZV� LQ� 7DEOH� �� LQGLFDWHV�
WKDW�UHVXOWV�ZLWK�WKH�VHFRQG�)=&7�VDPSOH�SDU-
DOOHOHG� WKRVH� RI� WKH� ÀUVW� VDPSOH�� &RQÀGHQFH�
intervals are substantially overlapping for the 
DFFXUDF\� PHWULFV� IRU� FRUUHFW� FODVVLÀFDWLRQV��
6HQVLWLYLW\� WR� GHFHSWLRQ� DQG� VSHFLÀFLW\� WR�
truth-telling were greater for ESS scores and 
IRU�PXOWLQRPLDO�FXWVFRUHV�� ,QFRQFOXVLYH�UDWHV�
were lower for ESS scores and for multinomial 
FXWVFRUHV��
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Table 3 shows the same test accuracy metrics for ESS and Federal three position scores 
for the second archival sample.

Table 3 shows the same test accuracy metrics for ESS and Federal three position scores for the second 
archival sample.  
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Inspection of the rows in Table 3 indicates that results with the second FZCT sample paralleled those of 
the first sample. Confidence intervals are substantially overlapping for the accuracy metrics for correct 
classifications. Sensitivity to deception and specificity to truth-telling were greater for ESS scores and 
for multinomial cutscores. Inconclusive rates were lower for ESS scores and for multinomial cutscores.  
 
Analysis of the combined sample data 
 
A two-way repeat measures ANOVA (scoring method x cutscore type) showed a significant interaction 
for inconclusive results [F (1,636) = 329.671, (p < .001)], indicating that observed differences in 
inconclusive rates for multinomial and traditional cutscores were different for ESS and three position 
scores. One way ANOVAs showed that the reduction of inconclusive results was statistically significant 
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Analysis of the combined sample data

$� WZR�ZD\� UHSHDW� PHDVXUHV� $129$� �VFRULQJ�
PHWKRG�[�FXWVFRUH�W\SH��VKRZHG�D�VLJQLÀFDQW�
LQWHUDFWLRQ�IRU�LQFRQFOXVLYH�UHVXOWV�>)��������� �
����������S��������@��LQGLFDWLQJ�WKDW�REVHUYHG�
differences in inconclusive rates for multino-
mial and traditional cutscores were different 
IRU� (66� DQG� WKUHH� SRVLWLRQ� VFRUHV�� 2QH� ZD\�
$129$V�VKRZHG�WKDW�WKH�UHGXFWLRQ�RI� LQFRQ-
FOXVLYH� UHVXOWV�ZDV�VWDWLVWLFDOO\�VLJQLÀFDQW�DW�
WKH�D ����OHYHO�IRU�(66�VFRUHV�>)��������� �����S�
 ������@��DQG�DOVR�IRU�WKH�WKUHH�SRVLWLRQ�VFRUHV�
>)��������� ����������S��������@��

$� WKUHH�ZD\� UHSHDW� PHDVXUHV� $129$� IRU�
FRUUHFW� SRVLWLYH� DQG� QHJDWLYH� FODVVLÀFDWLRQV�
VKRZHG� D� VLJQLÀFDQW� WKUHH�ZD\� LQWHUDFWLRQ��
for criterion state (guilty vs innocence), scor-
ing method (ESS, three-position) and cutscore 
W\SH� �WUDGLWLRQDO�� PXOWLQRPLDO�� >)� ��������  �
���������S��������@��7DEOH���VKRZV�WKH�$129$�
VXPPDU\��$OO�RI�WKH�PDLQ�HIIHFWV�DQG�WZR�ZD\�
LQWHUDFWLRQV�ZHUH�DOVR�VLJQLÀFDQW�LQ�WKH�WKUHH�
ZD\�$129$�EXW�ZHUH�QRW�LQWHUSUHWDEOH�GXH�WR�
WKH�VLJQLÀFDQW�LQWHUDFWLRQ�HIIHFWV��

%HFDXVH� GLIIHUHQFHV� LQ� DFFXUDF\� HIIHFWV� DV�
function of cutscore type were the main interest 
for this project, a series of one-way contrasts 
ZDV� FRPSOHWHG�� )RU� (66� VFRUHV� WKH� RQH�ZD\�
HIIHFW�ZDV�VWDWLVWLFDOO\�VLJQLÀFDQW�IRU�LQFUHDVHG�
WHVW�VHQVLWLYLW\�WR�GHFHSWLRQ�>)��������� ��������
�S�  � �����@� DQG� IRU� LQFUHDVHG� WHVW� VSHFLÀFLW\�
WR�WUXWK�WHOOLQJ�>)��������� ���������S� ������@��

)RU� WKUHH�SRVLWLRQ� VFRUHV� WKH� RQH�ZD\� HIIHFW�
ZDV� DOVR� VWDWLVWLFDOO\� VLJQLÀFDQW� IRU� ERWK� LQ-
FUHDVHG�WHVW�VHQVLWLYLW\�WR�GHFHSWLRQ�>)���������
 � �������� �S�  � �����@� DQG� WHVW� VSHFLÀFLW\� WR�
WUXWK�WHOOLQJ�>)��������� ����������S��������@��

Risk ratios

7R�PRUH�DGHTXDWHO\�XQGHUVWDQG�WKH�GLIIHUHQF-
HV� LQ� VHQVLWLYLW\�� VSHFLÀFLW\� DQG� LQFRQFOXVLYH�
rates shown by these data, risk-ratios were 
calculated after transforming the observed 
SURSRUWLRQV�WR�RGGV��5LVN�UDWLRV�DUH�EDVHG�RQ�
an assumption that observed proportions are 
an estimate of the likelihood or strength of the 
possibility of observing a similar outcome with 
any randomly selected member of the popu-
lation, and are calculated as the ratio of the 
proportions observed for two different meth-
RGV��,Q�WKLV�SURMHFW�WKH�FRPSDULVRQ�RI�LQWHUHVW�
is the risk-ratio for differences in outcomes 
IRU�WUDGLWLRQDO�DQG�PXOWLQRPLDO�FXWVFRUHV��7D-
ble 4 shows the risk-ratios for true-positive, 
WUXH�QHJDWLYH�DQG��LQFRQFOXVLYH�UHVXOWV��

Risk ratios are informative as to the practical 
likelihood of differences in observed outcomes 
DV� WKH\�PD\�EH� H[SHULHQFHG� IRU� DQ� LQGLYLGX-
DO� RU� JURXSV�RI� FDVHV��5LVN� UDWLRV� LQ�7DEOH���
suggest that the use of multinomial cutscores 
with ESS scores may reduce the likelihood or 
RFFXUUHQFH� RI� LQFRQFOXVLYH� RXWFRPHV� WR� ����
RI� ZKDW� ZRXOG� EH� H[SHFWHG� IURP� WUDGLWLRQDO�
FXWVFRUHV�� )RU� WKUHH�SRVLWLRQ� VFRUHV� WKH� ULVN�
of inconclusive outcomes may be reduced to 
DSSUR[LPDWHO\�����RI�WKH�ULVN�RI�LQFRQFOXVLYH�
UHVXOWV� XVLQJ� WUDGLWLRQDO� FXWVFRUHV�� +RZHY-
HU��DFWXDO�UDWHV� LQ�ÀHOG�SUDFWLFH�WKH�REVHUYHG�

difference may not achieve these estimated 
GLIIHUHQFHV�EHFDXVH�ÀHOG�SUDFWLWLRQHUV�PD\�DO-
ready engage in a variety of activities to resolve 
or reduce the occurrence of inconclusive re-
VXOWV��,QIRUPDWLRQ�VKRZQ�LQ�7DEOH���LQGLFDWHV�

WKDW�JXLOW\�SHUVRQV�DUH����� WLPHV�PRUH� OLNHO\�

to be detected using multinomial cutscores, 

ZKLOH�LQQRFHQW�SHUVRQV�PD\�EH�����WLPHV�PRUH�

OLNHO\�WR�EH�FODVVLÀHG�DV�WUXWKIXO�

at the a=.05 level for ESS scores [F (1,318) = 4, (p = .046)], and also for the three position scores [F 
(1,318) = 12.308, (p < .001)].  
 
A three-way repeat measures ANOVA for correct positive and negative classifications showed a 
significant three-way interaction, for criterion state (guilty vs innocence), scoring method (ESS, three-
position) and cutscore type (traditional, multinomial) [F (1,632) = 54.282, (p < .001)]. Table 4 shows 
the ANOVA summary. All of the main effects and two-way interactions were also significant in the 
three-way ANOVA but were not interpretable due to the significant interaction effects.  
 
Because differences in accuracy effects as function of cutscore type were the main interest for this 
project, a series of one-way contrasts was completed. For ESS scores the one-way effect was 
statistically significant for increased test sensitivity to deception [F (1,158) = 7.533, (p = .007)] and 
for increased test specificity to truth-telling [F (1,158) = 5.347, (p = .022)]. For three-position scores 
the one-way effect was also statistically significant for both increased test sensitivity to deception [F 
(1,158) = 11.148, (p = .001)] and test specificity to truth-telling [F (1,158) = 17.663, (p < .001)].  
 
Risk ratios 
 
To more adequately understand the differences in sensitivity, specificity and inconclusive rates shown 
by these data, risk-ratios were calculated after transforming the observed proportions to odds. Risk 
ratios are based on an assumption that observed proportions are an estimate of the likelihood or 
strength of the possibility of observing a similar outcome with any randomly selected member of the 
population, and are calculated as the ratio of the proportions observed for two different methods. In this 
project the comparison of interest is the risk-ratio for differences in outcomes for traditional and 
multinomial cutscores. Table 4 shows the risk-ratios for true-positive, true-negative and  inconclusive 
results.  
 
Table 4. Risk-ratios for TP, TN, and inconclusive results for traditional and multinomial cutscore 

 ESS scores Three-position scores 

Inconclusive .34 (2.9) .19 (5.3) 

Sensitivity (TP) 1.38 1.38 

Specificity (TN) 1.64 2.21 
 
Risk ratios are informative as to the practical likelihood of differences in observed outcomes as they 
may be experienced for an individual or groups of cases. Risk ratios in Table 4 suggest that the use of 
multinomial cutscores with ESS scores may reduce the likelihood or occurrence of inconclusive 
outcomes to 34% of what would be expected from traditional cutscores. For three-position scores the 
risk of inconclusive outcomes may be reduced to approximately 20% of the risk of inconclusive results 
using traditional cutscores. However, actual rates in field practice the observed difference may not 
achieve these estimated differences because field practitioners may already engage in a variety of 
activities to resolve or reduce the occurrence of inconclusive results. Information shown in Table 4 
indicates that guilty persons are 1.4 times more likely to be detected using multinomial cutscores, while 
innocent persons may be 1.6 times more likely to be classified as truthful.  
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Conclusion

7KLV� SURMHFW�� FRQFHUQHG� ZLWK� WKH� VWXG\� RI�
grand total cutscores, involved the use of the 
*75�ZLWK�(66�DQG�WKUHH�SRVLWLRQ�VFRUHV�XVLQJ�
ERWK� WUDGLWLRQDO� DQG� PXOWLQRPLDO� FXWVFRUHV��
7KH�*75��DOWKRXJK�SHUKDSV�WKH�VLPSOHVW�RI�DOO�
PDD decision rules, has been shown to pro-
YLGH�WKH�KLJKHVW�UDWHV�RI�RYHUDOO�FODVVLÀFDWLRQ�
accuracy among the variety of PDD decision 
UXOHV�� $FFXUDF\� HIIHFWV� ZHUH� FRPSDUHG� IRU�
ESS and three-position scores of event-spe-
FLÀF� SRO\JUDSK� H[DPV� XVLQJ� WUDGLWLRQDO� QX-
merical cutscores and multinomial cutscores 
IRU� JUDQG� WRWDO� VFRUHV�� $OWKRXJK� VNLOO� GHYHO-
opment at manual scoring with the ESS – as 
with PDD testing in general – is most effec-
tively acquired as a function of both didactic 
or academic knowledge of standardized pro-
cedures and practical supervision and guid-
DQFH� XQGHU� RWKHU� H[SHULHQFHG� SURIHVVLRQDOV��
the basic concepts of the ESS are simple and 
highly structured, leading to the potential for 
DQ� DXWRPDWHG� SURFHVV� WKDW� FORVHO\� DSSUR[L-
PDWHV�WKH�DFWLYLWLHV�RI�KXPDQ�H[SHUWV��'XULQJ�
this project, to ensure that observed variance 
can be attributed to differences in numerical 
FXWVFRUHV��DQG�QRW�GXH� WR�H[SHFWHG�YDULDWLRQ�
within the inter-rater reliability limits of man-
ual scoring methods, ESS and three-position 
scores and results were obtained via computer 
DOJRULWKP��LQFOXGLQJ�IHDWXUH�H[WUDFWLRQ��VHOHF-
WLRQ�RI�54�DQG�&4�DQDO\VLV�VSRWV��QXPHULFDO�
transformation, data reduction application of 
WKH�*75�ZLWK�ERWK�PXOWLQRPLDO�DQG�WUDGLWLRQDO�
FXWVFRUHV��

Data for two different archival samples of con-
ÀUPHG� )=&7� ÀHOG� H[DPV� ZHUH� XVHG�� 7KHVH�
archival samples have been characterized by 
human scorers as challenging, though previ-
ously reported effect sizes for both human and 
computer algorithms is consistent with those 
VKRZQ� KHUHLQ�� 5HVXOWV� DUH� VKRZQ� VHSDUDWHO\�
LQ�WDEOH�IRUP�IRU�HDFK�RI�WKH�VDPSOHV��'DWD�IRU�
two samples were then combined for statisti-
cal analysis of potential differences in effect 
VL]HV� IRU� (66� DQG� WKUHH�SRVLWLRQ� VFRUHV�� )RU�
WKH�FRPELQHG�VDPSOHV��VLJQLÀFDQW�GLIIHUHQFHV�
were observed for test sensitivity to deception, 
WHVW�VSHFLÀFLW\�WR�WUXWK�WHOOLQJ��DQG�WKH�SURSRU-
WLRQ�RI�LQFRQFOXVLYH�UHVXOWV��8VH�RI�PXOWLQRPL-
al cutscores reduced the occurrence of incon-
clusive results and increased both sensitivity 

WR� GHFHSWLRQ� DQG� VSHFLÀFLW\� WR� WUXWK�WHOOLQJ��
Use of archival data permits the direct com-
parison of observed effect sizes with previously 
reported effect using the same data with oth-
HU�VFRULQJ�PHWKRGV�IRU�ZKLFK�ÀHOG�H[DPLQHUV�
KDYH� LQWXLWLYH� NQRZOHGJH� DQG� H[SHULHQFH� RI�
WKHLU�HIIHFWLYHQHVV�

Of particular interest in this project is that 
QRQH� RI� WKH� GHFHSWLYH� RU� WUXWKIXO� FODVVLÀFD-
tions were reversed as a result of the selec-
tion of traditional or multinomial cutscores for 
grand total cutscores with either the ESS or 
WKUHH�SRVLWLRQ�VFRUHV��$QRWKHU�LQWHUHVWLQJ�RE-
servation in this project is that accuracy ef-
IHFWV�IRU�FRUUHFW�FODVVLÀFDWLRQV��LQFOXGLQJ�339��
139��DQG�WKH�SURSRUWLRQ�RI�FRUUHFW�FODVVLÀFD-
WLRQV�H[FOXGLQJ�LQFRQFOXVLYH�UHVXOWV�ZLWKLQ�WKH�
guilty and innocent, along with the unweight-
HG� DFFXUDF\� H[FOXGLQJ� LQFRQFOXVLYH� UHVXOWV�
were substantially similar for both traditional 
and multinomial cutscore with both ESS and 
WKUHH�SRVLWLRQ�QXPHULFDO�VFRUHV��+RZHYHU��XVH�
of multinomial cutscores increased sensitivity 
WR�GHFHSWLRQ�E\�IDFWRU�RI�����IRU�ERWK�(66�DQG�
three-position scores, while increasing speci-
ÀFLW\�WR�WUXWK�WHOOLQJ�E\�D�IDFWRU�RI�����IRU�(66�
VFRUHV�DQG�E\�D�IDFWRU�RI�����IRU�WKUHH�SRVLWLRQ�
VFRUHV��0XOWLQRPLDO�FXWVFRUHV�UHGXFHG�WKH�RF-
currence of inconclusive results by a factor of 
����IRU�(66�VFRUHV��DQG�E\�D�IDFWRU�RI�����IRU�
WKUHH�SRVLWLRQ�VFRUHV��8VH�RI�PXOWLQRPLDO�FXW-
VFRUHV�DQG�JUDQG�WRWDO�VFRUHV�ZLWK� WKH�)=&7�
format, a three-question single issue format, 
achieves the level of accuracy requires by the 
American Polygraph Association Standards of 
3UDFWLFH�IRU�HYLGHQWLDU\�H[DPV�²�WKRVH�H[DPV�
FRQGXFWHG�ZLWK�DQ�H[SHFWDWLRQ�WKDW�WKH�UHVXOWV�
and information may be used as information 
in a legal proceeding (American Polygraph As-
sociation, 2018)) – for both ESS and three-po-
VLWLRQ�VFRUHV��

Potential practical implications of these re-
sults include the possibility of increasing the 
HIIHFWLYHQHVV� RI� ÀHOG� SRO\JUDSKV� LQ� FRUUHFWO\�
FODVVLI\LQJ� ERWK� GHFHSWLRQ� DQG� WUXWK�WHOOLQJ��
Another practical implication is that it is a 
reasonable consideration, in terms of classi-
ÀFDWLRQ� DFFXUDF\�� IRU� SRO\JUDSK�SURJUDPV� WR�
make use of traditional numerical cutscores 
with ESS scores if the prospect of changing 
both score type (ESS or three-position scores) 
and cutscores presents an uncomfortable 
number of degrees of freedom for policy mak-
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HUV�� ,QGHHG�� WKHUH� LV� SUDFWLFDO� DQG� VFLHQWLÀF�
wisdom in changing one variable at a time 
ZKLOH� REVHUYLQJ� DQG� JDLQLQJ� H[SHULHQFH� ZLWK�
GLIIHUHQW�PHWKRGV��0RUH�EURDGO\��WKHVH�UHVXOWV�
support that it is a reasonable consideration 
IRU� ÀHOG� H[DPLQHUV� DQG�RU� SROLF\� PDNHUV� WR�
consider using only the grand total score for 
WKH�)=&7�IRUPDW�²�D�ÀQGLQJ�IRU�ZKLFK�WKHUH�LV�
no basis of information or theoretical rationale 
to suggest that it can be generalized to all sin-
JOH�LVVXH�SRO\JUDSK�IRUPDWV�

/LNH�DOO�SURMHFWV�� WKLV�RQH� LV� VXEMHFW� WR�VRPH�
OLPLWDWLRQV��2QH�GLIIHUHQFH�EHWZHHQ�WKH�SURFH-
dures used during this project and those used 
E\� ÀHOG� SUDFWLWLRQHUV� ZKHQ� PDQXDO� VFRULQJ�
is that this project is limited to the analysis 
RI�JUDQG�WRWDO�VFRUHV��+XPDQ�H[SHUWV�LQ�ÀHOG�
practice may rely on different decision rules 
GHSHQGLQJ� RQ� DJHQF\� SROLF\�� $OWKRXJK� QRW�
all agencies will choose to make use of only 
the grand total score, grand total scores have 
been shown consistently in published studies 
WR�SURYLGH�WKH�KLJKHVW�RYHUDOO�UDWHV�RI�FODVVLÀ-
FDWLRQ�DFFXUDF\��8VH�RI�JUDQG�WRWDO�VFRUHV� LQ�
this manner is thought to provide the greatest 
LQVLJKW� LQWR� WKH� LQÁXHQFH� RI� JUDQG� WRWDO� FXW-
scores on overall test accuracy regardless of 
WKH�GHFLVLRQ�UXOHV�XVHG�LQ�ÀHOG�SUDFWLFH��

7KLV�SURMHFW� GLG�QRW� DWWHPSW� WR� VWXG\� HIIHFWV�
ZLWK�GHFLVLRQ�UXOHV�RWKHU�WKDQ�WKH�*75��6WXG\�
of interaction effects involving both numerical 
cutscores and decision rules that may make 
use of both grand total and subtotal scores 
would require a multivariate analysis that is 
beyond the scope of this analysis – intended 
to be a simple an intuitive descriptive survey 
RI�DFFXUDF\�HIIHFWV�ZLWK�JUDQG�WRWDO�VFRUHV��$�
more comprehensive project would have in-
vestigated both the type of cutscores and the 
GHFLVLRQ�UXOH��+RZHYHU��VXFK�D�SURMHFW�ZRXOG�
H[SDQG�WKH�FRPSOH[LW\�RI�WKH�DQDO\VLV�FRQVLG-
erably, along with a corresponding increase in 
WKH�FRPSOH[LW\�RI�WKH�DQDO\VLV�DQG�LQIRUPDWLRQ�
IURP� WKH� DQDO\VLV�� /LPLWLQJ� WKLV� SURMHFW� WR� ��
dimensions – scoring type and cutscore type 
– was thought to provide information of poten-
tially practical use while also addressing the 
DQDO\WLF�TXHVWLRQV�LQ�VRPH�GHJUHH�RI�GHSWK��

7KHUH� LV� UHDVRQ� WR� H[SHFW� WKDW� VRPH� LQWHUDF-
WLRQ�H[LVWV�EHWZHHQ�WKH�GHFLVLRQ�UXOH�DQG�WKH�
VHOHFWLRQ�RI�QXPHULFDO�FXWVFRUHV��2QH�REYLRXV�
implication of these analytic results is that 

traditional numerical cutscores for grand to-
tal scores, though not inaccurate, appear to 
EH� LQHIÀFLHQW�� $� FRQVHTXHQFH� RI� WKLV� LV� WKDW�
SRO\JUDSK� ÀHOG� SUDFWLWLRQHUV�� LQ� DGGLWLRQ� WR�
polygraph trainers, quality control person-
nel and program managers, may have come 
to rely more heavily than is ideal on subtotal 
VFRUH� WR� UHPHGLDWH� WKH� LQHIÀFLHQF\�� $� FRQVH-
quence of over-reliance on subtotal scores to 
UHPHGLDWH� LQHIÀFLHQF\� LV� WKDW�XVH�RI� VXEWRWDO�
scores will introduce statistical multiplicity ef-
fects than complicate the test accuracy effects 
– most often in ways that can make the test 
DSSHDU� ELDVHG� DJDLQVW� LQQRFHQW� SHUVRQV�� 6H-
lection of a more optimal grand total cutscore 
may increase test accuracy with both guilty 
and innocent persons while potentially reliev-
LQJ�VRPH�RI�WKH�EXUGHQ�RI�PXOWLSOLFLW\�HIIHFWV��
7KH�LQWHUDFWLRQ�RI�GHFLVLRQ�UXOHV�DQG�QXPHU-
ical cutscores should be the topic of further 
DQDO\VLV�DQG�VWXG\��

Another limitation of this study involves the 
WKUHH�SRVLWLRQ�VFRUHV��,Q�WKLV�SURMHFW�WKUHH�SR-
VLWLRQ� VFRUHV� ZHUH� DFKLHYHG� E\� ÁDWWHQLQJ� RI�
('$�VFRUHV�RI�WKH�(66�VFRUHV��,W�LV�XQNQRZQ�
to what degree these three-position scores 
PD\�GLIIHU� IURP�WKRVH�DFKLHYHG� LQ�ÀHOG�SUDF-
WLFH� FRQWH[WV� ZKHUH� H[DPLQHUV� PLJKW� PDNH�
use of secondary response features and other 
semi-subjective practices that are not includ-
ed in the ESS and which cannot be subject to 
DXWRPDWLRQ��,Q�SULQFLSOH��WKUHH�SRVLWLRQ�VFRUHV�
FDQ�EH�H[WUDFWHG�XVLQJ� WKH�H[DFW�VDPH�DXWR-
PDWHG�SURFHGXUH�DV�IRU�(66�VFRUHV��7KUHH�SR-
sition scores can also be achieved using the 
PRUH�FRPSOH[�V\VWHP�RI�SULPDU\�DQG�VHFRQG-
ary features that was developed for seven-posi-
tion scores – and which is less easily amenable 
WR�DXWRPDWLRQ��5HJDUGOHVV�RI�WKLV�OLPLWDWLRQ��LW�
is the view of the author that the three-posi-
WLRQ�YDOXHV�KHUHLQ�DUH�VXIÀFLHQWO\�UHSUHVHQWD-
tive for these results to provide some poten-
WLDOO\�XVHIXO�LQIRUPDWLRQ��

$�ÀQDO�OLPLWDWLRQ�LV�WKDW�LQFRQFOXVLYH�UDWHV�RE-
VHUYHG�LQ�WKLV�VWXG\��OLNH�DOO�VFLHQWLÀF�VWXGLHV��
PD\� EH� JUHDWHU� WKDQ� WKRVH� REVHUYHG� LQ� ÀHOG�
SUDFWLFH��7KLV�WR�EH�H[SHFWHG��3RO\JUDSK�ÀHOG�
H[DPLQHUV�� DQG� SRO\JUDSK� SURJUDPV�� DUH� UH-
garded as acting reasonable if they engage in 
efforts to resolve inconclusive results at the 
OHYHO� RI� HDFK� LQGLYLGXDO� FDVH�� ,Q� UHVHDUFK� RI�
this type such efforts would amount to manip-
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XODWLQJ�WKH�UHVHDUFK�RXWFRPH��)RU�WKLV�UHDVRQ��
no effort is made, in projects of this type, to 
resolve or reduce the occurrence of inconclu-
VLYH�UHVXOWV�DW�WKH�LQGLYLGXDO�FDVH�OHYHO��'LIIHU-
HQFHV� LQ� LQFRQFOXVLYH� UHVXOWV�DUH�D� UHÁHFWLRQ�
of the analysis method, and will necessarily be 
JUHDWHU� WKDQ� LQFRQFOXVLYH� UDWHV� LQ�ÀHOG�SUDF-
WLFH��

With consideration for the acknowledged lim-
itations, accuracy effects observed in this anal-

\VLV�SODFH�WKH�)=&7�LQ�WKH�UDQJH�UHTXLUHG�E\�
the APA standards of practice for evidentiary 
H[DPLQDWLRQV��$3$���������(YLGHQWLDU\�H[DPV�
are those for which the test is conducted with 
the intention of introducing the test result as 
D�EDVLV� RI� LQIRUPDWLRQ� LQ� D� OHJDO� SURFHHGLQJ��
$FFXUDF\� UDWHV� REVHUYHG� KHUHLQ� HTXDO� RU� H[-
FHHG�WKRVH�RI�RWKHU�HYLGHQWLDU\�3''�IRUPDWV��
&RQWLQXHG�LQWHUHVW�DQG�FRQWLQXHG�UHVHDUFK�LV�
UHFRPPHQGHG� IRU� (66� VFRUHV�� WKH� *75� DQG�
WKH�XVH�RI�PXOWLQRPLDO�FXWVFRUHV�
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