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Director’s Foreword

This report describes a study designed to evaluate the
relative accuracy of examiner and computer algorithm scoring of
psychophysiological detection of deception (PDD) examinations.
It is important, if not essential, that this type of cross
validation study be completed to assess the validity of computer
algorithms designed to evaluate PDD examinations. Results of
this study demonstrate that there are no significant differences
between overall examiner and computer algorithm accuracies,
suggesting that computer algorithm scoring can be as accurate as
human scoring. It should be noted that the reported comparison
was made using data collected following a laboratory mock-crime
while the algorithm was designed using the results of actual
criminal examinations. This may have reduced overall accuracy

rates if there are intrinsic differences between data collected
following actual and mock crimes.

Ih L oo

Michael H. Capps
Director
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Abstract

BLACKWELL, N. J. An Evaluation of the Effectiveness of the
Polygraph Automated Scoring System (PASS) in Detecting Deception
in a Mock Crime Analog Study. March 1994, Report No. DoDPI94-
R-0003 Department of Defense Polygraph Institute, Fort McClellan,
AL 36205.--The purpose of this research was to evaluate the
effectiveness of a prototype scoring algorithm, the Polygraph
Automated Scoring System (PASS), Version 2.0, when analyzing mock
crime data. A database of psychophysiological detection of
deception (PDD) measurements was collected using the Axciton
Polygraph System. The PDD test format used was the Zone
Comparison Test (ZCT). 1In addition, two types of control
question tests (CQTs) were used during the study: (a) an
experimental version of the directed lie control (DLC), and (b)
the conventional probable lie control (PLC) currently in use
throughout the PDD community. The data set is composed of 120
local civilian citizens who underwent a PDD examination, half of
which committed a mock theft of money. The results showed that
PASS accuracy on controlled laboratory data with known ground
truth was far below that attained by APL during algorithm
development when using "live" PDD examinations. In fact, rates
of accuracy for both PASS and the PDD examiners were lower than
anticipated. PASS was clearly more accurate in identifying
individuals who had been programmed "innocent," while the PDD
examiners were more accurate in detecting individuals who had
been programmed "guilty." Use of the DLC versus the PLC made no
apparent difference in overall accuracy for either PASS or the
PDD examiners, though there were statistically significant
differences when analyzed from the standpoint of programmed
condition. Analysis also showed a PDD examiner performance
decrement over time which contributed to the lower than expected

examiner accuracy rates.

Key-words: Polygraph Automated Scoring System (PASS), Axciton,
computerized scoring algorithms, probable lie control (PLC) test
format, directed lie control (DLC) test format, control question
test (CQT), Zone Comparison Test (ZCT), polygraph, forensic
psychophysiology, psychophysiological detection of deception
(PDD)
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Executive Summary

BLACKWELL, N. J. An Evaluation of the Effectiveness of the
Polygraph Automated Scoring System (PASS) in Detecting Deception
in a Mock Crime Analog Study. March 1994, Report No. DoDPI94-

R-0003 Department of Defense Polygraph Institute, Fort McClellan,
AL 36205.

The prototype scoring algorithm, Polygraph Automated Scoring
System (PASS), Version 2.0, developed by the Johns Hopkins
University Applied Physics Laboratory (APL) was reported to have
an overall accuracy rate of 99.4% on the 374 field cases used
during development. Additionally, for a subset of 91 cases which
had confirmed decisions the accuracy rate was cited as 100.0%.

The purpose of this research was to evaluate the
effectiveness of PASS when analyzing mock crime data.
Comparisons were also made between PASS accuracy and the

psychophysiological detection of deception (PDD) examiners who
conducted the examinations.

Procedure

A database of 120 PDD examinations was collected using the
Zone Comparison Test (ZCT) in conjunction with the Axciton
Polygraph System. Two types of control question tests (CQTs)
were used during the study: (a) an experimental version of the
directed lie control (DLC), and (b) the probable lie control
(PLC) currently in use throughout the PDD community.

Examinees for this study were local civilian citizens
provided by a contracted employment service. Half of the
examinees committed a mock theft of money ($124.00) from the
"Country Store" and were instructed to lie about their
involvement in the crime. A scenario participant known as the
"deliberate intruder" interrupted the theft in progress, forcing
the examinee to conceal his/her actions; thereby heightening the
individual’s level of arousal.

Findings

The results showed that the PASS was more accurate in
identifying individuals who had been programmed "innocent," while
the PDD examiners were more accurate in detecting individuals who
had been programmed "guilty." However, overall accuracy rates
were lower than expected for both PASS and the PDD examiners.
Further analysis showed a PDD examiner performance decrement over
time which contributed to the lower than expected accuracy rates.
Use of the DLC versus the PLC made no apparent difference in
overall accuracy for either PASS or the PDD examiners, though
there were statistically significant differences when analyzed
from the standpoint of programmed condition.




A subset of data (73 cases), which met one of the "ground
truth" criteria used by the APL during PASS development was also
analyzed. Of 26 cases labeled no deception indicated (NDI) by
both the PDD examiners and the blind scorers, PASS agreed with
their decision on 100.0% of the cases. (This resulted in 23
correct calls and three false negative [FN] decisions when
compared to ground truth.) Of the 45 cases judged as deception
indicated (DI) by the group of examiners, PASS agreed with their
decision on 64.4% of the cases. (In this comparison, the PDD
examiners generated 37 correct DI decisions and 8 false positives
[FPs]. PASS generated 29 correct DI decisions, 5 FPs, and 11
INCs.) PASS accuracy on these DI cases was far below that
attained by APL during algorithm development.

Overall PASS provided moderate levels of accuracy when
coupled with the decisions of the original examiner and two blind
scorers. It was less accurate when used alone. Additionally,
the inconclusive (INC) rate generated by PASS was usually much
higher than the rate produced by the PDD examiners.

Utilization of Findings

The findings in this report provide PDD managers with a
means to assess the potential usefulness of a scoring system,
such as PASS, for their respective organizations. .The prototype,
PASS Version 2.0, is a user friendly software package, however
the data collected during this study did not support the level of
accuracy reported by APL during development. Use of a
computerized system such as PASS offers the opportunity for
scoring consistency. However, since PASS enables the examiner to
edit perceived artifacts, scoring consistency will be ensured
only if all reviewing examiners edit the same tests in the same
manner. Another consideration for management is the costs
associated with retesting individuals judged INC by PASS.
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A dlagnostlc technique which relies on human interpretation
of test data is immediately suspect (Nunnally, 1978) . Rater
bias, 1nexper1ence and even incompetence are problems that plague
any field in which humans are asked to make interpretive
judgements. For more than fifty years the data resultlng from
psychophysiological detection of deception (PDD) examinationg has
essentially relied on human interpretation. Accordingly, much of
the scientific community considers such data suspect. That
contention, along with the ever present need to accurately
decipher the complex physiological tracings generated during a
PDD exam, are the driving forces behind the development of
automated, algorithm-based scoring systems. This research effort
was undertaken to evaluate the prototype of one such system.

The most recent endeavor to eliminate subjectivity from the
process of interpreting PDD exams is the Polygraph Automated
Scoring System (PASS). PASS, a personal computer software
package, implements a scoring algorithm developed by the Johns
Hopkins University Applied Physics Laboratory (APL) under
contract to the National Security Agency (NSA).

The algorithm uses a logistic regression model, and during
processing the data is detrended, mathematically filtered and
then standardized. PASS currently works in conjunction with the
Axciton Computerized Polygraph, a stand alone PDD system
developed and marketed by Axciton Systems, Incorporated, Houston,
TX. Axciton records the physiological data (i.e., respiration,
electrodermal and cardio) collected during a PDD examination.
PASS then, in turn, uses that physiological data to produce an
overall probability of deception for the examination (Johns
Hopkins University Applied Physics Lab, 1993a.)

The scoring criteria currently taught at the Department of
Defense Polygraph Institute (DoDPI) was used as a starting point
in the development of the PASS algorithm, (Capps, 1993). Along
with other selected criteria, APL used the list of factors (see
Appendix A) taught in the Chart Evaluation portion of the Basic
Courses in Forensic Psychophysiology curriculum (DoDPI, 1992) as
a basis to generate approximately 1500 "features" for analysis.

This was accomplished by creating combinations of factors
along with varying the number of seconds in the scoring window.
Systematically, the list was distilled to include only those
features, or criteria which contributed to the highest level of
accuracy when used in PDD examination evaluation (Capps, 1993).
As a result, expanded scoring windows were established for each
of the PDD components, and the cardio channel was split into a
pulse channel and a blood volume rate of change (derivative)
channel (see Figure 1). The physiological signals were also
assigned scoring weights as shown in Table 1.




Blood Volume 8
Derivative

Pulse — 2 H 8 E{ﬂ Delay

Response

Electrodermal — 2 H 12

Respiration 2 H 16

0 5 10 15 20
Seconds
(after beginning of question)

Figure 1. Response intervals, or scoring windows for the four PDD channels
generated by Polygraph Automated Scoring System (PASS) Version 2.0. From
"Polygraph Automated Scoring System, Version 2.0" by M. Capps, 1993. Adapted
by permission.

Table 1
PASS Signal Scoring Weights
Channel Percent

Blood Volume Derivative 21
Pulse 14
Electrodermal 49
Respiration 16

Total 100
Note. From "Polygraph Automated Scoring

System, Version 2.0" by M. Capps, 1993.
Adapted by permission. PASS = Polygraph
Automated Scoring System.

Unable to produce acceptable results using mock crime data
during the early stages of the algorithm’s development, APL
ultimately decided to use "live" examinations collected by
various PDD agencies. In fact, field cases were used, both to
develop the algorithm, and also to later assess its accuracy.

Use of field examinations rather than the laboratory-generated
mock crime data presented a distinct problem, however; the ground
truth information necessary for accuracy assessments was not
readily available in the field examinations.

As a result, APL established a two-component guideline to
aid in algorithm development. The first component allowed for the
incorporation of cases which had been resolved, either through
the confession of the examinee or someone else. The second




component enabled the algorithm developers to include cases
which, when evaluated, had been assigned the same decision by
three qualified examiners--the original examiner and two other
examiners who had been designated to blind score the tests
(Capps, 1993). Therefore examinations judged either deception
indicated (DI), no deception indicated (NDI), or inconclusive
(INC) were used during algorithm development, provided all three
examiners had arrived at the same decision.

PASS’s level of accuracy was initially defined as its rate
of agreement with the combined decisions from both the resolved
cases and the cases evaluated by the three examiners. It is
important to note, however, that as the details of various case
resolutions filtered in from the field examiners, the rate of
agreement with confirmed ground truth continued to be factored
into the analyses.

Of the 374 cases, or subjects used to develop the PASS
prototype (Version 2.0), the probability of deception generated
by the algorithm supported ground truth (i.e., actual case
resolution or the decision of the three examiners) on 93.3% of
them, disagreed on 0.5%, and resulted in 6.2% of the cases
erroneously being labeled INC (see Table 2). That is, using one
of the two methods for determining ground truth, the developers
labeled each case either DI, NDI or INC and the algorithm agreed
with the respective decision on 349 cases and disagreed twice.
On the remaining 23 cases (all deemed to be either DI or NDI), a
decision probability of INC was generated.

When APL eliminated those 23 cases from the analysis (as
would be done in PDD field accuracy reporting) PASS’s rate of
agreement with ground truth was 99.4%, and the rate of
disagreement was 0.6% (Capps, 1993). The above calculations were
based on an internal PASS cut score of 80-20 (i.e., any
examination receiving a probability score of 0.80 or higher was
considered DI, and any score of 0.20 or lower was considered NDI,
while scores falling somewhere in between were termed INC).

As mentioned earlier, ground truth is being provided to APL
by the field examiners when each case has been resolved. 1In
early 1992, when PASS Version 2.0 was distributed for use in
research efforts such as the one described in this report, 91 of
the 374 cases had been provided. In that subset of confirmed
data, 93.5% of the cases were correctly identified by PASS, with
6.6% having been labeled INC (see Table 3). When APL removed the
inconclusive decisions, PASS provided 100.0% accuracy (Capps,
1993).




Table 2

Percentage of Agreement Between PASS and "Ground
Truth®" (N = 374)

Inconclusives

Overall Eliminated

Decision % n % n
Agreed 93.3 (349) 99.4 (349)
Disagreed 0.5 (2) 0.6 (2)
Inconclusive 6.2 (23) -- -

Note. From "Polygraph Automated Scoring System, Version 2.0"
by M. Capps, 1993. Adapted by permission. PASS = Polygraph
Automated Scoring System.

2 actual case resolution or the decision of the original
examiner and two blind scorers.

Table 3

Percentage of Agreement Between PASS Decisions and Ground
Truth--A11 Confirmed Cases (N = 91)

Inconclusives
Overall Eliminated
Decisgion % n % n
Agreed 93.5 (85) 100.0 (85)
Disagreed (FP + FN) O. (0) 0.0 (0)
Inconclusive 6.6 (6) -- --
Note. From "Polygraph Automated Scoring System, Version 2.0"

by M. Capps, 1993. Adapted by permission. FN = false negative;
FP = false positive; PASS = Polygraph Automated Scoring System.

A further breakdown of the data, from the standpoint of NDI
calls versus DI calls indicated that PASS agreed with the
examiners on 94.1% of the cases evaluated as NDI, and judged 5.9%
as inconclusive (see Table 4). When APL eliminated the INC
calls, PASS provided 100.0% accuracy on NDI decisions.

Analysis of the cases with DI decisions revealed that 92.9%
had been identified by PASS as DI, with a 1.1% false negative
rate, and another 6.1% of the cases having resulted in a call of
inconclusive. When APL removed the INC calls, PASS provided
98.8% accuracy with a 1.2% false negative rate on the DI cases.




Table 4

Percentage of Agreement Between PASS and "Ground
Truth®" on NDI and DI Decisions During Algorithm
Development (N = 374)

Inconclusives
Overall Eliminated

Decision % n % n
NDI (n = 202)

Agreed 94.1 (190) 100.0 (190)

Disagreed (FP) 0.0 (0) 0.0 (0)

Inconclusive 5.9 (12) -- --
DI (n = 182)

Agreed 92.9 (169) 98.8 (169)

Disagreed (FN) 1.1 (2) 1.2 (2)

Inconclusive 6.1 (11) -- --

Note. From "Polygraph Automated Scoring System, Version 2.0"
by M. Capps, 1993. Adapted by permission. DI = deception
indicated; FN = false negative; FP = false positive;

NDI = no deception indicated; PASS = Polygraph Automated
Scoring System.

& actual case resolution or the decision of the original
examiner and two blind scorers.

The PASS Version 2.0 has been designed to score a specific
type of PDD examination known as the Zone Comparison Test (ZCT).
Developed by Mr. Cleve Backster, the ZCT format was adopted and
modified by the U. S. Army Military Police School in 1961 and has
been used in the PDD field since that time (DoDPI, August 1992).

Defined as a control question test (CQT) the ZCT questions
and pretesting procedures are designed to focus the examinee’s
"psychological set." The theory behind psychological set is that
an examinee will focus his/her attention on the test question
which holds the greatest significance, or signal value. Though
there is considerable controversy concerning the accuracy of the
CQT, it is the most widespread PDD examination technigque in use
today (OTA, 1983).

There are five types of questions contained in the ZCT: (a)
relevant, (b) sacrifice relevant, (c¢) control, (d) irrelevant,
and (e) symptomatic (DoDPI, August, 1992). Relevant questions
deal with the specific issue or offense under investigation.
According to CQT doctrine, the relevant questions pose the
greatest threat to the guilty individual and will therefore
produce the reactions having the greatest magnitude during a PDD
examination. Relevant questions are further broken down into the
categories of: (a) strong, (b) weak, and (c) evidence connecting.
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The ZCT format uses two strong relevant questions (e.g., "Did you

steal any of that money?", and "Did you steal any of that money
from the Country Store?") and one evidence connecting question
(e.g., "Do you know where any of that stolen money is now?").

Also included in the ZCT is a sacrifice relevant question.
It is used to introduce the offense being probed but is not
normally evaluated. Wording of the sacrifice relevant question
is similar to the relevant question (e.g., "Regarding that stolen

money, do you intend to answer truthfully each question about
that?").

Control questions address an issue parallel to, but
unrelated to the offense under investigation. For example, a
suspect in a theft would be asked about prior theft activity.

His physiological responses to the control questions would then
be compared to his responses on the relevant questions.

According to CQT doctrine, the signal value of the relevant
questions will produce responses of a greater magnitude in guilty
individuals, while the innocent individual--free of contrition
for the crime--will instead focus attention on the control
questions. There are two types of CQTs: (a) probable lie control
(PLC), and (b) directed lie control (DLC).

A PLC question, the most widely used of the two techniques,
presumes that all persons have engaged in a minor transgression
similar to the offense under investigation. The PDD examiner
capitalizes on that notion and essentially states that any
individual capable of committing the minor transgression is also
capable of committing the more serious crime. In effect, the
innocent examinee is likely to be lying (hence the term probable
lie) when he/she denies engaging in the behavior suggested in the
control questions, while being truthful when denying
participation in the relevant criminal behavior.

Use of the DLC requires that the examinee admit to
committing some minor transgression, but is then instructed to
lie about it during the PDD examination. In some instances, the
same control question can be used for both techniques (e.g.,
"Prior to 1993, did you ever steal anything?"). The major
difference between the techniques is in the handling during the
pretest interview phase of the exam when the controls are being
"set". Critics argue the benefits of one technique while
vehemently denouncing the other.

Irrelevant questions are inconsequential to the criminal
issue being investigated. They are typically used near the
beginning of a PDD test to allay the examinee’s reaction, or
orienting response, at suddenly having the test begin.
Additionally, they can be inserted throughout an examination when
a substantial reaction or distortion has prevented the
physiological tracings from returning to baseline levels. Unlike
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the relevant and control questions, the irrelevant question is
usually worded so that the examinee will answer yes, (e.g., "Are
the lights on in this room?").

The final type of question found on the ZCT is referred to
as a symptomatic question. It is designed to probe for an
outside issue that could be more significant for an examinee than
that for which he/she is being tested. When the symptomatic
questions are briefed during the pretest interview, they are
normally linked to the issue of examiner/examinee trust, (e.g.,
"Are you completely convinced that I will not ask you a question
on this test that has not already been reviewed?", and "Is there
something else you are afraid I will ask you a question about
even though I have told you I would not?").

In summary, PASS was developed and validated using PDD field
specific measures such as the ZCT, and has as a basis the
standard scoring criteria both taught at DoDPI and used
throughout the PDD community. In addition, the algorithm has
been judged by APL to be accurate (92.9%-100.0% depending upon
the measure) in distinguishing DI and NDI PDD examinations. The
research described in this report was conducted to evaluate the
effectiveness of the PASS when scoring controlled laboratory, or
mock crime data where ground truth is known. Comparisons were
also made between PASS accuracy and that of the PDD examiners who
conducted the examinations.

Method

This research was conducted onsite at the Department of
Defense Polygraph Institute (DoDPI), Fort McClellan, AL. Data
collection required 24 days during a consecutive five-week
period. Personnel involved in the data collection process
included two psychophysiological detection of deception (PDD)
examiners, one subject handler, one role player known as the
"deliberate intruder," and one scenario setter. The procedures
employed are discussed below.

Research Design

This research used a Zone Comparison Test (ZCT) format, and
employed a 2 X 2 design as depicted in Figure 2. Subjects were
programmed as innocent or guilty in a mock crime scenario
involving the theft of $124.00. Two types of control question
tests (CQTs) were used during the study: (a) an experimental
version of the directed lie control (DLC), and (b) the
conventional probable lie control (PLC) currently in use
throughout the PDD community.




The design was counterbalanced to prevent order effects.
Examiner One began the project utilizing the DLC while Examiner
Two began the project utilizing the PLC. Upon completing the
data cell (approximately halfway through their respective data
collection taskings) the PDD examiners switched question
techniques (see Figure 3). Data from the first four subjects
collected following the switch in question techniques was
designated as piloting data and eliminated from the analysis.

Ground Truth

Innocent| Guilty
DLC I Examiner One 15 15
Examiner Two 15 15 60
PLC Examiner One 15 15
Examiner Two 15 15 60
I._I“_
60 60 120
1

Fiqure 2. Diagram showing experimental design. DLC = directed lie control--
experimental version; PLC = probable lie control. v

Examiner One Examiner Two
DLC PLC
I I
Pilot Pilot
I I
PLC DLC

Figure 3. Diagram showing examiner data collection sequence. DLC = directed
lie control--experimental version; PLC = probable lie control.




Subjects '

A total of 144 civilian citizens from the local community
served as subjects during data collection. They were provided by
an employment agency contracted for the recruitment of subjects,
and were required to have had no prior PDD examinations. The
data of 120 subjects were used in the analysis cited in this
report. As illustrated in Table 5, the predominantly white
(63.9%) group ranged in age from 19 to 60, and the majority of
them (78.8%) had up to a high school education.

Based on self report the individuals were in good to
excellent health (93.3%), and the majority were well rested,
having had six or more hours of sleep the previous night (78.4%).
As a group they were experiencing little pain or discomfort
(98.4%), and a relatively small percentage (9.2%) indicated the
use of medications prior to the examination (see Table 6).

Rationale for the elimination of 24 subjects from the
analysis is detailed in this paragraph and summarized in Table 7.
During mid-study the PDD examiners were required by the research
design to change control question techniques (i.e., DLC to PLC,
and vice versa). This change warranted a piloting period to
become comfortable with administering the new technique. Each
examiner conducted four mid-study piloting exams. Those exams
were eliminated from the analyses. 1In addition, two individuals
were unable to grasp the directed lie concept and on numerous
occasions failed to correctly answer the control question during
the examination. One set of test data was eliminated when the
individual showed signs of a concussion as the result of a fall
prior to reporting for the exam. A single incident of pretest
confession occurred during the study and was eliminated. The
last two exams conducted were also eliminated, having been
designated to replace unusable data collected earlier in the day,
if necessary. An additional ten examinations were eliminated due
to poor electrodermal tracings, i.e., an internal scoring
threshold established by the Polygraph Automated Scoring System
(PASS) prevented PASS from being able to provide a score.

PDD Examiners

All of the examinations were conducted by two certified PDD
examiners assigned to DoDPI (see Table 8). The participating PDD
examiners were proficient in operational procedures of the
Axciton Computerized Polygraph equipment used during data
collection. After three days of procedural refinements, each of
the two PDD examiners conducted three exams per day until he
completed his required number of subjects. The research design
required that each examiner test 30 individuals who had been
randomly programmed innocent, and 30 who had been randomly
programmed guilty.




Table 5 Table 6

Subject Demographics (N = 120) Physical Condition of
Subjects (N = 120)
Category Percent
Category Percent
Sex
Female 57.5 Health -
Male 42 .5 Excellent 45.0
Age Good 48.3
19-24 48.3 Fair 6.7
25-30 20.8 Medication
31-36 17.5 No 90.8
37-42 10.0 Yes 9.2
43-48 2.5 Discomfort
49-54 0.0 None 94.2
55-60 0.8 Mild : 4.2
Race Moderate 1.7
Asian 0.8 Sleep (hrs)
Black 32.8 0.0 - 2.9 3.3
Hispanic 2.5 3.0 - 5.9 18.3
White 63.9 6.0 - 8.9 69.2
Education 9.0 - 11.9 9.2
No Diploma 24.6
High School 54.2
Vocational 5.1
Undergraduate 11.9
Graduate 4.2
Table 7
Data Excluded From Analysisg
Rationale # Exams
Mid-study piloting 8
Confused by test format 2
Medical elimination 1
Pretest confession 1
Unused backup data 2
Poor electrodermal 10
Total 24
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Table 8
PDD Examiner Qualifications

Years Experience

Assignment Examiner One Examiner Two
Criminal Investigator 9 11
PDD Examiner (field) 3 6
DoDPI Instructor 6 2
Total 18 19

Note. PDD = psychophysiological detection of deception;
DoDPI = Department of Defense Polygraph Institute.

Apparatus

Hardware. Two Axciton Computerized Polygraph Systems
(Version 48-I; 16 bit parallel format) were used. The specific
channels consisted of: (a) two pneumograph channels utilizing
convoluted tubes to measure changes in thoracic and abdominal
areas during expiration and inspiration, (b) one electrodermal
channel utilizing fingerplate electrodes to measure changes in
sweat gland activity on two fingers of the subject’s non-dominant
hand, and (c¢) one cardiograph channel utilizing a standard
medical blood pressure cuff, pump bulb assembly and
sphygmomanometer to indicate changes in relative blood pressure.

All examinations conducted during this project were
administered in standard configuration PDD suites maintained by
DoDPI. Each suite contained an examiner desk with an Axciton
Computerized Polygraph system, a two-way mirror, wall and ceiling
mounted video cameras, and a chair for both the examiner and
examinee, along with a wide-armed, high-backed examination chair.
All sessions were videotaped using wall and ceiling mounted video
cameras and commercial videotape recorders.

Software. The Polygraph Automated Scoring System (PASS),
Version 2.0 developed by the Johns Hopkins University Applied
Physics Laboratory (APL), (1993b) was used to analyze the
physiological data collected and stored by the Axciton
Computerized Polygraph.

Crunch, Version 4.0, Crunch Software Corporation (1991), was
used to accomplish the statistical analysis of the data.
The FREQ, TABLES and CROSSTAB modules were used to generate
percentages, chi-square and Fisher exact probability
calculations.
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Crime Scene

Space within a typical office lounge was used as the crime
scene. The area was referred to as the Country Store and
consisted of two small tables, one of which contained a display
of snack food (i.e., cookies, candy, etc.). The other table held
a small plastic box which contained $124.00 in paper currency
(four $1; two $5; one $10; and one $100), and $3.00 in assorted
coins. The paper currency was stacked in a specific order and
configuration before being placed in the box to make it difficult
to be counted quickly.

Scenario

The mock crime was defined as a theft of $124.00 from the
Country Store cash box. To prevent the PDD examiners from
discerning guilt or innocence via the individual’s knowledge of
the building, both innocent and guilty subjects traveled the same
route from briefing area to exam room.

Innocent Subjects. The scenario setter took each subject
from the waiting area individually, escorted him/her to the
designated briefing area, and utilized the script in Appendix B
to accomplish the programming. All were told that a theft of
money from the Country Store had occurred, and that each were
suspects in the case due to having been in the area at the time.
Each subject was assured that he/she was innocent of the crime
and that the task at hand was simply to be honest and cooperative
with the PDD examiner.

Following programming, each subject was escorted to a
holding area with a stop along the way to pick up score sheets
from a forms closet. As soon as possible following programming
each subject was escorted to the PDD examination room and
introduced to the PDD examiner.

Guilty Subjects. The scenario setter took each subject from
the waiting area individually, escorted him/her to the designated
briefing area, and used the script in Appendix C to accomplish
the programming. In turn, all were told that they were going to
steal money from the Country Store and then undergo a PDD
examination regarding the theft of the money. It was explained
to each subject that the primary goal was to convince the PDD
examiner that he/she was innocent of committing the crime. Each
individual was then escorted into the area referred to as the
Country Store, and shown the cash box and store merchandise.

The scenario setter explained and demonstrated the steps
each subject was to follow in committing the theft: (a) take
only the paper currency out of the box, (b) count it, (¢) conceal
it on their person or in a purse, and then (d) immediately leave
the room through the designated doorway. It was stressed to all
guilty participants that it was vitally important not to be seen
stealing the money, otherwise the PDD examiner could
inadvertently be informed of the circumstances prior to the exam,
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effectively rendering the exam unnecessary. (NOTE: All subjects
had been informed that the employment agency would not pay them
if they did not take the PDD exam.)

If seen with the money, each subject was instructed to act
as if he/she had just purchased a candy bar and were simply
making change. Each individual was then to conceal the money and
leave the room immediately with a candy bar in hand. Following a
review of the steps, each subject was then left alone in the room
to carry out the scenario.

Approximately 10-15 seconds after the scenario setter left
the room an individual known as the deliberate intruder entered
the crime scene through another doorway in order to surprise the
subject committing the theft. The deliberate intruder was
instructed to remain in the room, making small talk, cleaning the
sink counter, etc., until the individual completed the task and
left. This was done to heighten the arousal level of the subject
by requiring him/her to conceal his actions while committing the
crime. The deliberate intruder was not there to confront the
individual, but rather to make him/her nervous by obstructing a
"clean" getaway following the commission of the crime.

When the subject left the room and joined the scenario
setter he/she was lead to a forms closet, where the scenario
setter made sure the individual both had the money, and knew the
amount of money stolen. If the subject had not completed
counting the money prior to being interrupted he/she was
instructed to confirm the amount at that time. The money was
again concealed on the subject’s person, and the candy bar was
hidden in a box to prevent the examiner from realizing that the
individual had been in the Country Store.

In order to reinforce details regarding the commission of
the theft, the subject was then escorted to a holding area where
he/she completed the "Crime Scene" Scenario questionnaire in
Appendix D. As soon as possible following programming each
subject was escorted to the PDD examination room and introduced
to the PDD examiner.

Procedure

The principal steps in the daily data collection process are
shown in Figure 4. Upon arrival, the subjects were welcomed to
DoDPI and provided with a general briefing on the purpose of the
study (see Appendix E). Following the briefing, the subjects
were asked about prior PDD experience. Those who had prior PDD
experience were not allowed to participate in this project.

Subjects were then provided with a packet containing a copy
of the Project Briefing (see Appendix F), and the Volunteer
Agreement Affidavit (see Appendix G). Both documents informed
the subject that his/her participation was completely voluntary.
After signing the Volunteer Agreement Affidavit the subjects
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completed the Background Information Form (see Appendix H) also
included in the packet. Subjects who chose to participate in the
study were then escorted to a designated waiting area.

Each subject was randomly assigned to either the innocent
group or the guilty group and was then programmed individually as
described in the Scenario section of this report. (NOTE:
Programmed subjects were kept separated from all other programmed
and non-programmed subjects until the PDD examination had been
completed.) Subjects were then introduced to a PDD examiner, who
administered the pretest and in-test portions of a ZCT PDD
examination.

As stated previously, two question techniques were used in
this project: the DLC and the PLC. The philosophies behind the
two techniques required that the interview conducted during the
pretest phase be structured differently. Appendices I and J,
respectively, contain the general framework for the pretest
interview for the two question techniques. Also occurring during
the pretest phase was the review and signing of both a Rights
Advisement Form (see Appendix K), and a Consent to Interview With
Polygraph form (see Appendix L).

The in-test phase required the use of the Stimulation
(numbers) Test (see Appendix M), and the ZCT Question List for a
mock "theft" scenario (see Appendix N). The PDD examiner
administered the numbers test and then briefly discussed it with
the subject in order to focus attention on the individual’s

physiological changes which occurred during the commission of the
lie.

Utilizing the ZCT question list, the PDD examiner collected
three tests, with a fourth test authorized only if necessary,
(i.e., as a result of movement distortions, detected
countermeasures, etc.). Also, DoDPI (August 1992) guidelines for
administering the ZCT allowed the PDD examiners to rotate the
control questions between tests in an attempt to place the
strongest reacting control guestion in position #6.

The PDD examiner was not allowed to talk to or prompt the
subject between tests. If asked a question by the subject, the
PDD examiner attempted to answer the question in such a way as
not to jeopardize the outcome of the project. Following the PDD

examination, each subject was debriefed (see Appendix 0), and
released.

14




Subject
Arrival
I
Inprocessing
DLC PLC
I | I I
Innocent Guilty Innocent Guilty
| I I I
Programmed Programmed
I I
Theft Theft
I I
PDD Exam PDD Exam
Debriefed
I
Released

Figure 4. Flow chart of principal steps in data collection process.
DLC = directed lie control--experimental version; PLC = probable lie
control; PDD = psychophysiological detection of deception.

Scoring Criteria and Data Analysis Procedures

PDD_Examiner. Each examination was scored by the original
examiner, and later blind scored by two other certified and
similarly qualified PDD examiners. Both original examiners
scored their charts either immediately following each examination
or at the end of the day. A standard seven position scale (+3,
+2, +1, 0, -1, -2, -3) was used in conjunction with the DoDPI
(August 1992) criteria for ZCT spot analysis, and numerical
evaluation (see Figures 5 and 6, respectively).

PASS. As mentioned earlier the PASS cut score during the
development phase was 80-20. However, prior to the distribution
of the PASS Version 2.0 prototype software, APL changed the cut
score to 90-10. Therefore, any examination during this study
which received a probability score of 0.90 or higher was
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categorized as DI. Any score of 0.10 or lower was labeled NDI,
and all other scores were considered INC.

PASS is designed to recognize, tag, and eliminate segments
within the physiological tracings which it defines as artifacts.
However, PASS enables, and in fact occasionally requires
subjective manipulation of the data in the area of artifact
editing. The examiner can override PASS’s decision to eliminate
an area from scoring consideration, and can also select areas to
be eliminated which PASS did not tag. As a result, each data
file in this study was scored twice.

On the first run, PASS was allowed to interpret the data
without benefit of subjective manipulation, i.e., tagging only
those areas which violated its definition of acceptable. On the
second run, problem areas identified by the original examiners
and the researcher were edited, or tagged for elimination. On
the few occasions (17) which resulted in a split decision the
call from the second run (reflecting examiner edits) was used.

I1 SR S3 C1l R1 c2 R2|[ S8 |C3 R3
| [ | | | L 1
Spot Spot Spot
#1 #2 #3

Figure 5. Diagram showing Zone Comparison Test (ZCT) question sequence
and evaluation spots with compared control and relevant questions linked.
I = irrelevant; SR = sacrifice relevant; S = symptomatic; C = control,
and; R = relevant.

Spot# Score Call
1 +2 + 3 > +6 (with no spot equal to 0) NDI
1 +2 + 3 < -6 (with no spot equal to 0) DI

any = -3 DI
1 +2 + 3 = any score not mentioned above INC

Figure 6. Chart showing numerical evaluation criteria for Zone Comparison
Test (ZCT). NDI = no deception indicated; DI = deception indicated;
INC = inconclusive.

Results

The objective of this project was to determine the
effectiveness of the Polygraph Automated Scoring System (PASS),
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Version 2.0 prototype software in detecting deception in a
controlled laboratory study using mock crime data. For the
purposes of comparison, all accuracy findings cited in this
report were structured to parallel the type of assessments made
by the Applied Physics Laboratory (APL) during algorithm
development, i.e., accuracy rates for the data set overall, along
with a recalculated rate excluding the inconclusive (INC)
decisions, as would be done in field data reporting.

PASS accuracy, and PDD examiner accuracy for this study were
compared to ground truth. A chi-square test was performed for
the data citing decisions of NDI, DI and INC. A Fisher exact
probability (2-tail) test was performed for the data when INC
decisions were eliminated. Both chi-square and Fisher exact
probability statistics are summarized following each section of
accuracy comparisons.

In addition, analyses regarding specific issues germane to
the results generated by this research were examined. Those
issues include: (a) differences between the types of CQTs used,
(b) interrater reliability, and (c¢) analysis of PDD examiner
accuracy over time. PASS and PDD examiner agreement was also
assessed to enable a direct comparison with the data generated
during PASS development and validation. Data from 120 subjects
were used in the following analyses.

Overall Accuracy Comparisons

PASS Decision vs. Ground Truth. The results shown in Table
9 indicate that across all conditions for the 120 cases PASS
accurately identified 62.5% of the subjects as programmed. The
proportion of cases for which PASS generated an incorrect, or
reverse decision, was 16.7%, and the INC rate was 20.8%. Table 9
reflects that on the cases where PASS was able to make a
definitive call (i.e., INCs eliminated), the rate of agreement
between PASS and ground truth was 79.0% and the percentage of
incorrect decisions was to 21.1%.

Table 9

Percentage of Agreement Between PASS Decigion and Ground
Truth--All Cases (N = 120)

Inconclusives

Overall Eliminated

Decision % n % n
Agreed 62.5 (75) 79.0 (75)
Disagreed (FN + FP) 16.7 (20) 21.1 (20)
Inconclusive 20.8 (25) -- --

Note. FN = false negative; FP = false positive; PASS = Polygraph
Automated Scoring System.
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PDD_Examiner Decision vs. Ground Truth. The overall scoring
accuracy of the two PDD examiners who collected the data was
71.1% (see Table 10). The examiners arrived at a reverse
decision in 18.3% of the cases, and had an INC rate of 10.0%.
This gave the PDD examiners a higher overall rate of agreement
and a lower percentage of INC calls than PASS. Again eliminating
the INC decisions from the calculations, the rate of PDD examiner
agreement with ground truth was adjusted to 79.6%, with incorrect
decisions totaling 20.4%; essentially equivalent to PASS’s
performance under the same circumstances. NOTE: Chi-square (X?2)
and Fisher exact test results for comparisons of accuracy between
PDD examiners were not significant, when computed with and
without INC cases, respectively, X2(2, N = 120) = .057, p =
0.9719 and Fisher exact test (N = 108), p = .8116. Thus
indicating that the decisions made by the two PDD examiners were
not associated.

Table 10

Percentage of Agreement Between PDD Examiner Decision and
Ground Truth--All Cases

Inconclusives
Overall Eliminated
Decision % n % n
Agreed 71.7 (86) 79.6 (86)
Disagreed (FN + FP) 18.3 (22) 20.4 (22)
Inconclusive 10.0 (12) -~ --
Note. FN = false negative; FP = false positive;
PDD = psychophysiological detection of deception.
Chi-Sguare and Fisher Exact Statistics. A chi-square test

was used to assess the proportional differences between correct,
incorrect and INC decisions made by PASS and the PDD examiners.
Table 11 indicates that the differences between the accuracy of
PASS and PDD examiner decisions in this study were not
statistically significant, i.e., the accuracy of the decisions
made by PASS was independent of the accuracy of the decisions
made by the PDD examiner.

The INC decisions were then eliminated and a Fisher exact
probability test was applied to only the correct and incorrect
decisions made by PASS and the PDD examiners. The results of the
Fisher exact test were also not significant.
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Table 11

Results of Chi-gquare (X2) and Fisher Exact Statistics when
Testing Association Between PASS and PDD Examiner Decisions--
All Cases

Significant
Comparison drf n Value p (¢ = .05)
PASS Decision vs. PDD Examiner Decision
X232 2 240 4 .537 .1035 No
Fisher Exact® 203 .9999 No

Note. PASS = Polygraph Automated Scoring System; PDD = psychophysiological
detection of deception.

2 Test corrected for continuity. P Probability test (2-tail).

NDI and DI Accuracy Comparisons

PASS Decision vs. Ground Truth. The results shown in Table
12 demonstrate that PASS was more accurate in clearing programmed
innocent individuals, rather than detecting programmed guilty
individuals. PASS accurately identified 71.7% of the 60 innocent
individuals and 53.3% of the 60 guilty individuals. The
corresponding false positive (FP) and false negative (FN) rates
were 10.0% and 23.3%, respectively. PASS had an INC rate of
18.3% on innocent examinees and 23.3% on guilty examinees.

PDD Examiner Decigion vs. Ground Truth. Converse to the
results cited for PASS, Table 13 shows that the PDD examiners
were more accurate in detecting programmed guilty individuals,
than in clearing programmed innocent individuals. The PDD
‘examiners also had a much lower INC rate for the innocent cases
than PASS (5.0% compared to 23.3%). The PDD examiners accurately
identified 61.7% of the 60 individuals programmed innocent and
81.7% of the 60 individuals programmed guilty. The corresponding
FP and FN rates were 23.3% and 13.3%, respectively. The PDD
examiners had an INC rate of 15.0% on innocent examinees and 5.0%
on guilty examinees.
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Table 12
Percentage of Agreement Between PASS Decision and Ground
Truth--Programmed Innocent and Programmed Guilty Cases

(N = 120)

Inconclusives
Overall Eliminated
Decision % n % n
Innocent (n = 60)
Agreed 71.7 (43) 87.8 (43)
Disagreed (FP) 10.0 (6) 12.3 (6)
Inconclusive 18.3 (11) -- --
Guilty (n = 60)
Agreed 53.3 (32) 69.6 (32)
Disagreed (FN) 23.3 (14) 30.4 (14)
Inconclusive 23.3 (14) -- --

Note. FN = false negative; FP = false positive; PASS = Polygraph
Automated Scoring System.

Table 13
Percentage of Agreement Between PDD Examiner Decision and

Ground Truth--Programmed Innocent and Programmed Guilty
Cases (N = 120)

Inconclusives

Overall Eliminated

Decision % n % n
Innocent (n = 60)

Agreed 61.7 (37) 72.6 (37)

Disagreed (FP) 23.3 (14) 27.5 (14)

Inconclusive 15.0 (9) -- -
Guilty (n = 60)

Agreed 81.7 (49) 86.0 (49)

Disagreed (FN) 13.3 (8) 14.0 (8)

Inconclusive 5.0 (3) -- --

Note. FN = false negative; FP = false positive;
PDD = psychophysiological detection of deception.

Chi-Square and Fisher Exact Statistics. Table 14 shows chi-
square and Fisher exact probability test results when accuracy on
programmed innocent cases versus programmed guilty cases was
assessed individually for both PASS and the PDD examiners. Using
correct, incorrect and INC decisions to compute chi-square, the

20




result indicated that the accuracy of the decision rendered by
PASS was independent of the programmed status of the individual.
The same statement is true for the PDD examiners.

With the INC decisions eliminated, the Fisher exact
probability test was statistically significant (p = .0432) in
regard to PASS’'s rate of accuracy on innocent versus guilty
subjects. Conversely, the results showed that the accuracy of
the decisions produced by the PDD examiners were independent of
the programmed condition of the individual.

Table 14
Results of Chi-square (X2) and Fisher Exact Statistics when
Testing Association Between PASS and PDD Examiner Decisions--

Programmed Innocent and Programmed Guilty Cases

Significant

Comparison df n Value p (¢ = .05)
PASS Decision--Innocent vs. Guilty

X228 2 120 3.943 .1392 No

Fisher Exact® 95 .0432 Yes
PDD Examiner Decision--Innocent vs. Guilty

X223 2 120 4.627 .0989 No

Fisher ExactP? 108 .0982 No
PASS vg. PDD Examiner--Innocent Cases

X248 2 120 2.813 .2451 No

Fisher Exact® 100 .0799 No
PASS vs. PDD Examiner--Guilty Cases

X2# 2 120 10.179 .0062 Yes

Fisher Exact” 103 .0546 No

Note. PASS = Polygraph Automated Scoring System; PDD = psychophysiological
detection of deception.

4 Test corrected for continuity. P Probability test (2-tail).

Control Question Test (CQOT) Comparisons

PASS Decision vs. Directed Lie Control (DLC). 1In order to
detect any bias created by the two CQTs, analyses were conducted
to assess differences between PASS performance on the DLC and
PLC. Table 15 shows that for the data collected using the
experimental version of the DLC, PASS had an overall accuracy of
61.7%. The percentage of incorrect decisions using the DLC was
15.0% and the INC rate was 23.3%. Elimination of the high number
of INC calls resulted in a dramatic upward adjustment (80.4%) in
the rate of agreement between PASS and ground truth.

When the DLC cases were broken down by innocent and guilty
programming Table 16 shows that PASS was more accurate at
identifying the innocent subjects than the guilty subjects (66.7%
and 56.7%, respectively). There was also a higher INC rate on
the guilty subjects. When INC decisions were eliminated there
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was a resulting accuracy assessment of 83.3% for innocent
subjects and 77.3% for guilty individuals.

Table 15

Percentage of Agreement Between PASS Decision and Ground
Truth--All Directed Lie Control (DLC) Cases (N = 60)

Inconclusives

Overall Eliminated

Decision % n % n
Agreed 61.7 (37) 80.4 (37)
Disagreed (FN + FP) 15.0 (9) 19.6 (9)

Inconclusive 23.3 (14) --

Note. FN = false negative; FP = false positive; PASS = Polygraph
Automated Scoring System.

Table 16

Pexrcentage of Agreement Between PASS Decision and Ground
Truth--Programmed Innocent and Programmed Guilty Cases
using Directed Lie Control (DLC) (N = 60)

Inconclusives
Overall Eliminated
Decision % n % n
Innocent (n = 30)
Agreed 66.7 (20) 83.3 (20)
---Disagreed. (FP) 13.3 (4) 16.7 (4)
Inconclusive 20.0 (6) -- --
Guilty (n = 30)
Agreed 56.7 (17) 77.3 (17)
Disagreed (FN) 16.7 (5) 22.7 (5)
Inconclusive 26.7 (8) -~ --

Note. FN = false negative; FP = false positive; PASS = Polygraph
Automated Scoring System.

PASS Decision vs. Probable Lie Control (PLC). PASS’s
overall accuracy on the PLC cases was comparable to that on the
DLC cases, though the PLC INC rate was slightly lower (18.3%
compared to 23.3%) and the rates of agreement and disagreement
were slightly higher (63.3% compared to 61.7%, and 18.3% compared
to 15.0%, respectively) (see Table 17).

The innocent/guilty breakout analyses shown in Table 18
reveal a disparity between PASS’s accuracy for identifying
innocent (76.7%) versus guilty (50.0%) individuals. The FN rate
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for programmed guilty cases was accordingly higher (30.0%
compared to 6.7%), as was the INC rate (20.0% compared to 16.7%).

Chi-Square and Fisher Exact Statistics. Table 19 shows chi-
square test results for PASS accuracy on the DLC and PLC cases.
First, the analyses compared PASS’s overall accuracy on the DLC
versus the PLC. Additionally, PASS accuracy on the innocent and
the guilty cases was compared both between CQTs and within each
CQT. None of the chi-square tests were significant, indicating
that all compared variables were independent. However, Fisher
exact probability test results for the same comparisons were
statistically significant when examining PASS’s accuracy on the
innocent and guilty cases when using the PLC.

PDD Examiner Decision vs. DLC. Comparable analyses were
performed for PDD examiner calls to detect any bias created by
the two CQTs. Table 20 shows that the PDD examiners had an
overall agreement rate with ground truth in 70.0% of the cases.
They arrived at incorrect decisions 15.0% of the time and also
had an INC rate of 15.0%.

When comparing the breakout data for innocent and guilty
individuals, Table 21 shows that the DLC accuracy rate for PDD
examiners on innocent cases was just 50.0%, with FN decisions
accounting for 23.3% and INC calls totaling 26.7%.

PDD examiner performance on the DLC guilty cases was
markedly different from the innocent cases. The accuracy rate
for detecting individuals who had committed the theft was 90.0%.
The FP rate was 6.7% and the INC rate was 3.3%. (NOTE: These
figures are inflated due to the small n used in calculation.)

Table 17

Percentage of Agreement Between PASS Decision and Ground
Truth--All Probable Lie Control (PLC) Cases (N = 60)

Inconclusives

Overall Eliminated

Decision % n % n
Agreed 63.3 (38) 77.6 (38)
Disagreed (FN + FP) 18.3 (11) 22.5 (11)

Inconclusive 18.3 (11) -~ --

Note. FN = false negative; FP = false positive; PASS = Polygraph
Automated Scoring System.
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Table 18

Percentage of Agreement Between PASS Decision and Ground
Truth--Programmed Innocent and Programmed Guilty Cases
using Probable Lie Control (PLC) (N = 60)

Inconclusives
Overall Eliminated
Decision % n % n
Innocent (n = 30)
Agreed 76.7 (23) 92.0 (23)
Disagreed (FP) 6.7 (2) 8.0 (2)
Inconclusive 16.7 (5) -- --
Guilty (n = 30)
Agreed 50.0 (15) 62.5 (15)
Disagreed (FN) 30.0 (9) 37.5 (9)
Inconclusive 20.0 (6) -- --

Note. FN = false negative; FP = false positive; PASS = Polygraph
Automated Scoring System.

Table 19

Results of Chi-square (X2?) and Fisher Exact Statistics when
Testing Association Between Directed Lie Control (DLC) and
Probable Lie Control (PLC) Cases--PASS Decisions

Significant

Comparison df n Value p (x = .05)
DLC Format wvs. PLC Format

X28 2 120 0.210 .9003 No

Fisher ExactP 95 .8043 No
DLC vs. PLC - Innocent Cases

X22 2 60 0.260 .8782 No°

Fisher Exact® 49 .4174 No
DLC vs. PLC - Guilty Cases ‘

X223 2 60 0.746 .6888 No

Fisher Exact? 46 .3457 No
DLC Format - Innocent vs. Guilty

X223 2 60 0.180 .9141 No

Fisher Exact? 46 .7178 No
PLC Format - Innocent vs. Guilty

X228 2 60 4.562 .1022 No

Fisher ExactP 49 .0181 Yes

Note. PASS = Polygraph Automated Scoring System.

2 Test corrected for continuity. P® Probability test (2-tail). ¢ Minimum
expected frequency was 3.0. Two cells had expected frequencies of less than
5, therefore chi-square p-values may not be accurate.
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Table 20

Percentage of Agreement Between PDD Examiner Decision and
Ground Truth--All Directed Lie Control (DLC) Cases (N = 60)

Inconclusives

Overall Eliminated

Decision % n % n
Agreed 70.0 (42) 82.4 (42)
Disagreed (FN + FP) 15.0 (9) 17.7 (9)
Inconclusive 15.0 (9) -- --

Note. FN = false negative; FP = false positive; PDD =
psychophysiological detection of deception.

Table 21

Percentage of Agreement Between PDD Examiner Decision and
Ground Truth--Programmed Innocent and Programmed Guilty
Casgses using Directed Lie Control (DLC) (N = 60)

Inconclusives
Overall Eliminated
Decision % n % n
Innocent (n = 30)
Agreed 50.0 (15) 68.2 (15)
Disagreed (FP) 23.3 (7) 31.8 (7)
Inconclusive 26.7 (8) -- --
Guilty (n = 30)
Agreed 90.0 (27) 93.1 (27)
Disagreed (FN) 6.7 (2) 6.9 (2)
Inconclusive 3.3 (1) -- -~

Note. FN = false negative; FP = false positive; PDD =
psychophysiological detection of deception.

PDD Examiner Decision vs. PLC. Table 22 shows that both PDD
examiner agreement (73.3% versus 70.0%) and disagreement (21.7%
versus 15.0%) were higher using the PLC technique than when using
the DLC technique. The PDD examiner INC rate was also lower on
the PLC than on the DLC (5.0% compared to 15.0%).

PDD examiner accuracy on the PLC was essentially equivalent
for both innocent and guilty cases (see Table 23). They had an
agreement rate of 73.3% on both the programmed innocent and the
programmed guilty individuals. The incorrect decisions were
slightly higher on the innocent cases than on the guilty cases
(23.3% compared to 20.0%), however the INC rate was lower on the
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innocent cases than the guilty cases (3.3% compared to 6.7%)
(NOTE: These figures are inflated due to the small n used in
calculation.)

Table 22

Percentage of Agreement Between PDD Examiner Decision and
Cround Truth--All Probable Lie Contxol (PLC) Cases (N = 60)

Inconclusives

Overall Eliminated

Decision % n % n
Agreed 73.3 (44) 77.2 (44)
Disagreed (FN + FP) 21.7 (13) 22.8 (13)

Inconclusive 5.0 (3) -- -

Note. FN = false negative; FP = false positive; PDD =
psychophysiological detection of deception.

Table 23

Percentage of Agreement Between PDD Examiner Decision and
Ground Truth--Programmed Innocent and Programmed Guilty
Cases using Probable Lie Control (PLC) (N = 60)

Inconclusives
Overall Eliminated
Decision % n % n
Innocent (n = 30)
Agreed 73.3 (22) 75.9 (22)
Disagreed (FP) 23.3 (7) 24.1 (7)
Inconclusive 3.3 (1) -- -
Guilty (n = 30)
Agreed 73.3 (22) 78.6 (22)
Disagreed (FN) 20.0 (6) 21.4 (6)
Inconclusive 6.7 (2) -- -

Note. FN = false negative; FP = false positive; PDD =
psychophysiological detection of deception.

Chi-Square and Fisher Exact Statistics. The chi-square
results shown in Table 24 reveal that PDD examiner accuracy was
independent of the CQT used, as well as the programmed status of
the individual. The results were, however, statistically
significant (p = .0132) for PDD examiner accuracy on innocent and
guilty individuals when using the DLC. The same was true for the
Fisher exact test when the INC decisions were eliminated (p =
.0293). The remaining Fisher exact tests results were not
significant.
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Table 24

Results of Chi-square (X2) and Fisher Exact Statistics when
Testing Association Between Directed Lie Control (DLC) and
Probable Lie Control (PLC) Cases--PDD Examiner Decisions

Significant

Comparison drf n Value p (¢ = .05)
DLC Format vs. PLC Format

X282 2 120 2.504 .2859 No

Fisher ExactP 108 .6336 No
DL.C vs. PLC--Innocent Cases

X228 2 60 4.973 .0832 No°

Fisher Exact? 51 .7523 No
DLC vs. PLC--Guilty Cases

X22 2 60 1.452 .4840 Nod

Fisher Exact? 57 .1443 No
DLC Format--Innocent vs. Guilty

X248 2 60 8.659 .0132 Yes

Fisher Exact? 51 .0293 Yes
PLC Format--Innocent vs. Guilty :

X22 2 60 0.000 1.0000 No

Fisher ExactP® 57 1.0000 No

Note. PDD = psychophysiological detection of deception.

2 Test corrected for continuity. P Probability test (2-tail). © Minimum
expected frequency was 4.5. Two cells had expected frequencies of less
than 5 therefore chi-square p-values may not be accurate. ¢ Minimum
expected frequency was 1.5. Four cells had expected frequencies of

less than 5 therefore chi-square p-values may not be accurate.

PASS/PDD Examiner Comparisons Using DLC/PLC Cases. In
tables cited previously it was shown that the PDD examiners had a
higher (70.0% compared to 61.7%) overall accuracy rate on the DLC
than did PASS along with a lower INC rate (15.0% compared to
23.3%) (Table 15 and Table 20).

When comparing the breakout data for DLC innocent and guilty
individuals, Table 16 and Table 21 showed that PASS had a higher
rate of agreement on the innocent cases than did the PDD
examiners (66.7% compared to 50.0%) and lower FP and INC rates
(13.3% compared to 23.3%, and 20.0% compared to 26.7%,
respectively). However, the PDD examiners far exceeded PASS’s
accuracy on the guilty cases (90.0% compared to 56.7%) and had
lower FN and INC rates, as well (6.7% compared to 16.7%, and 3.3%
compared to 26.7%, respectively).

Both PASS (Table 15 and Table 17) and PDD examiner (Table 20
and Table 22) rates of agreement were higher using the PLC
technique versus the DLC technique (63.3% compared to 61.7%, and
73.3% compared to 70.0%, respectively).

27




The rate of PDD examiner agreement on the PLC was higher
than that of PASS on the PLC (73.3% compared to 63.3%) (Table 17
and Table 22). The PDD examiner rate of incorrect decisions was
also higher than PASS (21.7% compared to 18.3%), but the PDD
examiner INC rate was lower (5.0% compared to 18.3%).

When comparing breakout data for the PLC innocent and guilty
individuals Table 18 and Table 23 showed that PASS had a higher
rate of agreement on the programmed innocent individuals than did

the PDD examiners (76.7% compared to 73.3%). PASS also had a
lower FP rate (6.7% compared to 23.3%), but the PDD examiners had
a lower INC rate (3.3% compared to 16.7%). As with the case of

the DLC comparison, the PDD examiners far exceeded PASS’s
accuracy on detecting programmed guilty individuals on the PLC
(73.3% compared to 50.0%) and also had lower FN and INC rates
than PASS (20.0% compared to 30.0%, and 6.7% compared to 20.0%,
respectively) .

Table 25
Results of Chi-sguare (X?) and Fisher Exact Statistics when

Testing Association Between PASS and PDD Examiner--Programmed
Innocent and Programmed Guilty Cases using Directed Lie Control

(DLC)

Significant

Comparison df n  Value p (a = .05)
PASS vs. PDD Examiner--DLC--All Cases

X322 2 120 0.898 .6382 No

Fisher Exact® 97 1.0000 No
PASS vs. PDD Examiner--DLC--Innocent

X228 2 60 0.892 .6401 No

Fisher Exact® 46 .3068 No
PASS vs. PDD Examiner--DLC--Guilty

X228 2 60 6.412 .0405 Yes©

Fisher Exact® 51 .2163 No

Note. PASS = Polygraph Automated Scoring System; PDD = psychophysioclogical
detection of deception.

* Test corrected for continuity. P Probability test (2-tail).
¢ Minimum expected frequency was 3.5. Four cells had expected frequencies of
less than 5 therefore chi-square p-values may not be accurate.

Chi-Square/Fisher Exact Statistics. Table 25 and Table 26
show the chi-square and Fisher exact probability results computed
for PASS and PDD examiner comparisons for both the DLC and PLC.
Using chi-square there was an indication that decisions rendered
by PASS and the PDD examiners were not independent when comparing
the programmed guilty cases of the DLC, however that result is
suspect due to smaller than expected frequenciesg in a number of
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the cells. After eliminating the INC decisions from the
analysis, the computed Fisher exact was not significant. All

other comparisons between PASS and the PDD examiners were also
not significant.

Table 26

Results of Chi-square (X?) and Fisher Exact Statistics when

Testing Association Between PASS and PDD Examiner--Programmed
Innocent and Programmed Guilty Cases using Probable Lie Control

(PLC)

Significant

Comparison df n Value p (¢ = .05)
PASS vs. PDD Examiner--PLC--All Cases

Xa2# 2 120 3.847 .1l461 No

Fisher Exact® 106 1.0000 No
PASS vs. PDD Examiner--PLC--Innocent

X22 2 60 3.278 .1942 No°

Fisher Exact® 54 .1531 No
PASS vs. PDD Examiner--PLC--Guilty

X223 2 60 2.365 .3066 No¢

Fisher ExactP® 52 .2337 No
Note. PASS = Polygraph Automated Scoring System; PDD = psychophysiological
detection of deception.
2 Test corrected for continuity. P Probability test (2-tail). ¢ Minimum

expected frequency was 3.0. Four cells had expected frequencies of less

than 5, therefore chi-square p-values may not be accurate. ¢ Minimum expected
frequency was 4.2. Two cells had expected frequencies of less than 5,
therefore chi-square p-values may not be accurate.

Interrater Agreement Analyses

Blind Scoring. Two PDD examiners with qualifications
gsimilar to the "original" examiners were asked to blind score the
120 examinations. They followed the same instructions and
criteria for scoring as the PDD examiners who performed the data
collection. However, they had no knowledge of the individual
subjects associated with the exams, nor the decisions reached by
the original examiner. The scorer referred to as Blind 1, had an
accuracy rate of 60.83% when compared to ground truth. Blind 2
had an accuracy rate of 65.00%.

Kappa, a measure of interrater agreement was computed for
the two blind scorers. Table 27 shows that the percentage of
agreement between Blind 1 and Blind 2 was 69.17%. The percentage
of agreement which could be expected by chance alone was 36.50%.
Accordingly, the computed Kappa value indicated that the
difference between Blind 1 and Blind 2 agreement was not due to
chance (p = .0000).
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Kappa was also computed for each blind scorer when compared
to the decisions generated by Examiner One, Examiner Two, and
PASS. All values were statistically significant. The level of
accuracy for Blind 1 and Blind 2 was similar when their
individual calls were compared to the calls of Examiner Two
(81.67% compared to 80.00%, respectively). However, there was a
20 percentage point difference between Blind 1 and Blind 2 when
compared to the decisions generated by Examiner One (61.67%
compared to 81.67%, respectively). In contrast, the comparisons
between PASS decisions and the blind scorers were generally much
less accurate (59.17% and 63.33%) than the comparisons between
PASS and the original PDD examiners.

Table 27
Kappa Statistics for Blind Scoring Comparisons

[+)

Agreement % Chance

Comparison % Agreement Value p
Blind 1 vs. Blind 2 69.17 36.50 0.514 .0000
Examiner One

Blind 1 vs. Examiner One 61.67 36.67 0.395 .0000

Blind 2 vs. Examiner One 81.67 41.33 0.688 .0000
Examiner Two

Blind 1 vs. Examiner Two 81.67 41 .33 0.688 .0000

Blind 2 vs. Examiner Two 80.00 38.50 0.675 .0000
PASS

Blind 1 vs. PASS 59.17 34.15 0.380 .0000

Blind 2 vs. PASS 63.33 35.67 0.430 .0000

Note. PASS = Polygraph Automated Scoring System.

PDD Examiner/Blind Scorer Decision vs. PASS Decision. As
mentioned in the introduction section, accuracy estimates for the
algorithm were based on PASS having generated the same decision
for a case as had been generated by the original examiner and two
other examiners. Out of 120 examinations collected during this
study, the original examiner and both blind scorers arrived at
the same decision for 73 cases. There were 26 NDI calls, 45 DI
calls and 2 INC calls. Table 28 shows that PASS arrived at a
call of NDI for 100.0% of the cases labeled NDI by the group of
PDD examiners. In truth, 23 of those 26 cases had been
programmed innocent. The remaining three individuals had
committed the theft.

For the 45 cases judged as DI by the examiners, PASS agreed
with their DI call on 64.4% of the cases. Another 11.1% of the
examinations were found to be NDI and the INC rate was 24.4%.
Thirty-seven of the 45 subjects had be