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Believing Is Seeing: The Influence of Expectations on Blind

Scoring of Polygraph Data

Donald J. Krapohl' and Donnie W. Dutton?

Abstract

Modern polygraph scoring systems were developed to give structure to polygraph chart inter-
pretation with the aims of increasing accuracy and inter-examiner agreement while decreasing out-
side influences on chart interpretation. Previous research shows high agreement among polygraph
examiners’ decisions when conducting blind scoring of polygraph data (Blackwell, 1999). However,
the evidence does not support the presumption that manual scoring systems make scorers resis-
tant to bias. In previous work by Elaad, Ginton and Ben-Shakhar (1994) and Shurany, Matte and
Stein (2009) researchers found that examiners’ scores and decisions could be influenced by what
researchers told the examiners about the cases before the examiners scored them. To further ex-
plore the effect of outside influence on polygraph scoring we recruited polygraph examiners through
a large polygraph professional organization to blindly evaluate 15 polygraph cases, some of which
were ambiguous and others which clearly indicated truthfulness or deception. Half of the polygraph
examiners were told that all of the cases were confirmed as deceptive while the other half were told
all of the cases were verified as truthful. We found, on average, polygraph scores and decisions were
shifted in the direction of the biasing information. The shift was evident for both clear and ambigu-
ous data. Not all scorers were affected by the biasing information. Implications are discussed.

Keywords: 7-position scoring, agreement, bias, decision making, expectation, reliability

All humans come to the task of deci- comes. One method for controlling bias is
sion-making with biases. Biases per se are the use of evaluation methodologies that rely
neither bad nor good. As an example of con- more on objective measures such as scoring
trast, having a bias toward one’s own offspring systems and algorithms. For the polygraph,
is probably an important part of the surviv- scoring arrived many years after the field was
al of a species or a family line: Having a bias established. In its first decades, evaluation
toward unhealthy eating works against this of polygraph data was almost entirely subjec-
same goal. The badness and goodness of bi- tive. There was no common method of analy-
ases then are generally judged by their effects sis among practitioners, though some general
and by which parties are affected. ideas for data interpretation were available

by the early 1930s (Larson, 1932). The first

Most professions are aware that prac- published quantification system for polygraph
titioner biases can lead to sub-optimal out- “lie detection” data was suggested by Winter

1 APA Past President and regular contributor to this publication. Comments regarding this project should be sent to him
at APAkrapohl@gmail.com.

2 APA Past President and regular contributor to this publication.

We are grateful for the assistance of APA Editor-in-Chief Mark Handler for facilitating the release of email announcements

used to recruit volunteer scorers. His help was critical to the success of the study.
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(1936). Winter’s method was simple and en-
tailed tallying Xs he had made in a table to in-
dicate when tests showed indications of guilt.
The Winter method appeared in only one pub-
lication and was not adopted by field practi-
tioners. A somewhat related approach called
the “checkmark system” was formally used by
polygraph pioneers John Reid, Richard Arther
and their students before 1960 (Slowik & Hor-
vath, 2016). However, their decision-making
also incorporated non-polygraph information
such as case facts and impressions of exam-
inee behavior, clinical observations that can
resist purely objective quantification.

Numerical scoring of polygraph charts
was an innovation introduced to the polygraph
profession by Cleve Backster in 1959 (Matte,
1996, citing Backster, 1969). Backster’s 7-po-
sition scoring system was an adaptation of the
Likert Scale (Likert, 1932) though the histor-
ical record is silent on whether Mr. Backster
independently developed his method. At its
most basic level the Backster scoring system
was a straightforward accounting method that
tracked the relative frequency and intensity of
differences between physiological reactions to
relevant questions® and comparison questions*
under the rationale of the comparison ques-
tion polygraph test (Kircher & Raskin, 1988;
Kubis, 1962; Reid, 1947; Summers, 1939) [see
Nelson (2016) for a discussion]. Backster’s
7-position scoring system was adopted by the
US government in the early 1960s and quickly
spread across the polygraph profession until
Backster’s method, or variations of it, became
the dominant approach to polygraph chart
evaluation. Numerical scoring is considered
one of the most significant advances in poly-
graph examinations.

Raskin, Barland and Podlesny (1977)
confirmed that the use of 7-position scoring

improved decision accuracy over the use of
impressionistic methods. The reduction in
subjectivity inherent to a shared method of
analysis does not automatically permit a con-
clusion that all sources of polygraph bias are
removed. Biological signals are complex, rich
and notoriously variable. As such they pro-
vide fertile opportunities for subjective individ-
ual differences in data evaluation. Biases can
be unwittingly introduced by factors such as
prior experience, culture, training, halo effect,
or expectations.

Among these potential sources of bias
in polygraph chart evaluation only examiner
expectations have undergone any published
investigation. Because they can be manip-
ulated with relative ease expectations lend
themselves well to bias studies. Elaad, Ginton
and Ben-Shakhar (1994) reported two experi-
ments wherein they accurately or inaccurately
informed polygraph examiners of ground truth
before asking them to conduct blind evalua-
tions of field polygraph charts. In both experi-
ments Elaad et al. used 10 polygraph examin-
ers employed by the Israel National Police (INP)
who were experienced with numerical scoring
to independently evaluate 14 sets of criminal
field polygraph charts. In the first experiment
Elaad selected polygraph cases that had been
blind scored previously by three independent
examiners and judged unanimously or by ma-
jority to be inconclusive. In other words, the
physiological data would not clearly lead to a
definitive result of truthfulness or deception.
The 14 cases were then given to INP examin-
ers with instructions to score the charts. To
manipulate expectations, examiners were told
that either the cases came from examinees who
confessed to the crime for which they were be-
ing polygraphed or that the charts were from
cases where the examinee was exculpated by
confession of someone other than the examin-

3 Relevant questions cover the issue(s) of interest to the client or agency. They are the reason for the examination.

4 Comparison questions are those designed to elicit physiological reactions, and generally regard whether the examinee
has engaged in anti-social or proscribed behaviors in the past, though there are variations to the question content. In
polygraph scoring the reactions to comparison questions are gauged against the reactions of relevant questions at 18 to
45 or more places in the polygraph charts. Greater reactions to comparison questions warrant a positive score at each
of the scoring locations and greater reactions to relevant questions are assigned a negative score. The scores are tallied
at the end of the examination and the totals are compared to decision thresholds to form a conclusion of truthfulness or

deception.
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ee. When the examiners’ scores were evaluat-
ed by the experimenters they found that they
had shifted significantly in the direction of the
expectation. That is, when examiners believed
they were scoring the charts of deceptive ex-
aminees their scores shifted significantly in
the negative direction, and when the expecta-
tions were of truthfulness the examiners as-
signed scores that shifted positively. The level
of examiner experience was not a factor in the
shift.

In their second experiment Elaad used
the exact same procedures and examiners.
However, in this experiment they selected a
different set of polygraph cases in which the
data allowed definitive results of deception or
truthfulness rather than the ambiguous cas-
es used in the first experiment. While the ex-
aminers’ scores shifted again in the predicted
direction for the second experiment, the effect
was not statistically significant. The research-
ers concluded that when polygraph data are
unambiguous polygraph scores are not signifi-
cantly affected by expectations, whereas the
scores shift in the direction of expectations
when the polygraph data are not clear.

In 2009, Shurany, Matte and Stein
used a variation of the Elaad manipulation
again to assess the influence of expecta-
tions on examiner decisions. During training
events they used 82 experienced polygraph ex-
aminers from three countries; Mexico, United
States and Bulgaria. They projected polygraph
charts from eight cases individually onto a
screen and asked the examiners in attendance
to individually score them using the 3-position
scoring system, an abbreviated form of 7-posi-
tion scoring system devised by Backster. The
first and eighth cases were actually the same
case, one that had been confirmed as truthful,
though the examiners were not informed as
such. When the case was presented the first
time the instructor provided no information
about the case background. Fictitious case
facts were provided to the scorers just before
scoring the second through the seventh cases.
When the first case was presented again as
the eighth case the instructor falsely report-
ed that a fingerprint was found at the scene
of the crime that had a 90% match with the
examinee’s print. Shurany et al. then com-
pared the examiners’ scores for the repeated
case to determine the effect of the fingerprint

Polygraph & Forensic Credibility Assessment , 2018, 47 (2)
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information. They found that when examiners
evaluated the case after learning of the finger-
print their averaged scores moved significantly
in the direction of deception though the case
in reality was from a truthful examinee. De-
cision accuracy was also affected. In the ini-
tial showing of the case, with no background
information, only one scorer out of 82 had
scored the case as deceptive. This increased
to nine scorers after the false information
was implanted, a statistically significant dif-
ference. Shurany also discovered that the bi-
asing effect appeared among scorers from all
three represented countries. In the report’s
conclusion Shurany recommended indepen-
dent and blind quality control to mitigate the
potential of bias that could be experienced by
the testing polygraph examiner.

A significant advantage of the Shu-
rany study was the use of a large and heter-
ogenous sample which might have served to
increase generalization of his findings. Shu-
rany showed a significant biasing effect on
polygraph scores and decisions that manifest
itself among examiners from three separate
countries. The study’s chief limitation was
the use of a single case to base its conclusion
of bias. The effect on the single truthful case
did not address questions of repeatability, nor
whether the effect would be found with decep-
tive cases. Advantages of the Elaad studies
were that they used 14 cases in each of their
manipulations and varied the data between
ambiguous and clear. However, the Elaad
sample was quite homogenous, where all 10
polygraph examiners worked for one police
organization in Israel. Whether their conclu-
sions would also be found among examinees
elsewhere is not known.

It became our interest to assess the in-
fluence of expectations on as broad a range of
field examiners as reasonably possible using a
sample of polygraph cases that would permit
the investigation of differences in bias brought
about by clear or by unclear polygraph data.

Method
Ethical Considerations

With regard to securing consent from
the scorers in the study, an explanation of the
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scoring task was sent via email to all practic-
ing polygraph examiners with the American
Polygraph Association. Participation required
that they respond to the email expressing a
willingness to score field charts using a spec-
ified method within a finite amount of time.
Those who responded positively to that email
were sent charts for scoring. The subset of
examiners who expressed a willingness to par-
ticipate and who ultimately submitted their
data became our sample. Consent was im-
plied by these voluntary steps undertaken by
the scorers.

Because the present study entailed the
manipulation of expectations we recognized
that deception of participants would be nec-
essary. We referred to the ethical standards
of the American Psychological Association
(2017), Section 8.07, that deception in human
research should be avoided except when: 1.
Research cannot be conducted without decep-
tion; 2. The research may help answer import-
ant questions, and; 3. Those to be deceived
should not be harmed by the deception.

Regarding Standard 1, whether decep-
tion was necessary, we know of no practical
means of creating different expectations be-
tween groups without deceiving one or more of
the groups. We concluded that deception was
unavoidable for this research question. Two
different deceptions would be necessary to en-
sure the data would be meaningful, one of the
true purpose of the study and the other the
manipulation of expectations.

For Standard 2, and whether the re-
search question is sufficiently important, we
accept that there may be debate as to the
worthiness of any research undertaking. An
important factor in our decision to proceed
was the impact polygraph examinations usu-
ally have on the lives of those who undergo
the testing. The results of polygraph testing
can be impactful on decisions for hiring, pros-
ecutions, probation revocation, security clear-
ances and criminal investigations. Whether
polygraph decisions are biased by examiner

expectations has real world import sufficient
to justify its investigation in our view.

To the final consideration regarding
harm?® to those who are deceived, we took ex-
ceptional steps to minimize the potential for
harm. Though no physical injury could be
expected from our study, we were mindful of
the potential for creating stress for examiners
when they discovered our manipulation of ex-
pectations. We judged this to pose a minimal
risk for this group. First, we concluded from
our extensive contact with polygraph profes-
sionals, as well as being longtime practitioners
ourselves, that experienced polygraph exam-
iners manage stress well, are accustomed
to disagreement, and that their self-esteem
trends toward robust. We concluded that,
in the main, polygraph examiners are not an
at-risk population for modest stress. We also
recognized that polygraph examiners under-
go assessments of their ability to score charts
from the initial weeks of their polygraph edu-
cation through feedback during their profes-
sional practices. Not all of that feedback is
favorable, and some of it can be unsettling.
We considered that experienced polygraph ex-
aminers receiving positive or adverse feedback
regarding their performance with the study
charts would not view it more stressful than
their daily interpretation of polygraph charts
that had significant impact on the examin-
ee. Second, we anonymized all of the data so
that no scores could be attributed to any given
scorer. This was done in the initial processing
of the data, and there is no subsequent means
for matching scorer with scores. All subse-
quent reporting was of group data. Finally,
following data collection we sent a debriefing
email to all participants explaining the pur-
pose of the study, the need for misdirection,
the importance of the project, that all scores
had been anonymized, that all reporting would
be of group data alone, and we provided cop-
ies of the two previous bias studies discussed
earlier to place our study in context. Contact
information to the primary researcher was in-
cluded in that communication. Following our
email notification a small number of scorers

5 The language used for this ethical standard regarding harm to participants was that the research would be ...“reasonably

expected to cause physical pain or severe emotional distress.”

Polygraph & Forensic Credibility Assessment , 2018, 47 (2)
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responded, but none expressed displeasure
with the manipulation nor requested with-
drawal of their data.

Participants

A total of 73 scorers submitted scores
for the study. They self-reported that they
worked in one of three sectors: private practice,
law enforcement or government. Examiners in
private practice represented the largest group
of volunteers with 44 (60.3%) submitting data,
followed by law enforcement with 25 (34.2%)
and then government with 4 (5.5%). Exam-
iners within the sector categories were not as
homogenous as one might suspect, however.
Among polygraph examiners in private prac-
tice a portion were retired from government or
law enforcement while others had no experi-
ence in the public sector. Some private sector
examiners also did contract polygraph testing
for law enforcement or government. The four
self-described government examiners worked
for three different governments. Consequent-
ly, there may be few examiner characteristics
within a category that are unique to that cate-
gory or common within the category.

There was a very wide range of experi-
ence, from 6 months to 50 years. The mean
number of years was 18.5 (sd = 13.8). Other
demographics such as examiner age, gender
and ethnic group were not solicited or cap-
tured.

Polygraph Cases

Fifteen cases were selected from the
first author’s archive of field polygraph exam-
inations accumulated over 12 months of per-
forming quality control reviews of sex offender
examinations for a large program. All 15 cases
were conducted using the Air Force Modified
General Question Technique with two relevant
questions, variation 1 (Krapohl & Shaw, 2015)
and had three charts. None of the cases were
confirmed as truthful or deceptive. Five of the
cases were chosen because the original exam-
iner and the quality control reviewer found
strong indications of truthfulness in the poly-
graph data. The mean score for these cases
by the testing examiner was +12.8 (sd = 3.35)
and +11.4 (sd = 3.05) for the quality control
reviewer. A second group of five were select-
ed because the testing examiner and quality

Polygraph & Forensic Credibility Assessment , 2018, 47 (2)
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control reviewer agreed the charts strongly
indicated deception. The mean score for the
testing examiner for these cases was -10.6 (sd
= 5.72) and -10.0 (sd = 4.85) for the quality
control reviewer. A final group of five cases
were inconclusive according to the testing ex-
aminer and quality control reviewer. Average
score for this last group of cases was +1.0 (sd
= 5.15) for the testing examiner and -0.4 (sd =
5.50) for the quality control reviewer. All poly-
graph charts had been recorded on Lafayette
computer polygraphs.

The charts were converted to PDF. The
choice to use PDF rather than sending the
electronic Lafayette files to scorers was based
on three considerations. First, it was import-
ant to standardize the recordings as much as
possible. Fixing the charts in PDF restricted
the scorers’ ability to change any of the gain
settings and therefore all of the scorers would
be evaluating the exact same data. Second, it
prevented scorers from employing any of the
algorithms available in the Lafayette software
that might have influenced their scoring. Fi-
nally, though Lafayette computer polygraphs
are used by many examiners, it was not expect-
ed that all scorers would have access to that
manufacturer’s systems. In contrast, software
for viewing PDFs is universally available and
at no cost to the user. It also allowed scorers
to select and magnify portions of the charts
to the degree necessary to assign scores. All
charts contained standard question labels so
examiners could determine which questions
to score. The test questions themselves were
not included in the files sent to scorers.

The 15 sets of charts were placed into
a single PDF file, one case per page. All exam-
iners received the same cases, but the order
of cases was different between the truthful-ex-
pectation and deception-expectation groups.
This was done to minimally hide the fact that
both groups had received the same cases.
The first page of the PDF of cases included
instructions. Half of the volunteers received
an instruction page indicating that all 15 cas-
es were confirmed as deceptive, while the re-
mainder of the volunteers were informed the
cases came from verified truthful examinees.
The instruction pages were identical for both
groups except the words “deceptive” or “truth-
ful” where ground truth was discussed. The
instruction page for the truthful expectancy
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is found in Appendix A. Examiners were also
provided with an Excel spreadsheet to record
their scores. The spreadsheet likewise includ-
ed information consistent with the expectation
manipulation.

Polygraph Chart Scoring

There are several named manual scor-
ing systems to analyze polygraph charts. To
allow direct comparison among scorers we re-
quired they all be familiar with and use the
7-position scoring system as taught by the
National Center for Credibility Assessment
(NCCA). NCCA'’s scoring systems have been
taught at most polygraph schools for decades.
All volunteers were sent detailed instructions
on NCCA'’s approach to 7-position scoring to
help standardize the methods of all volunteer
scorers.

Procedure

With the assistance of the American
Polygraph Association a broadcast email was
sent to its practicing members to seek volun-
teers willing to participate in a blind scoring
project. The pretended purpose of the study
was to determine which of the polygraph’s
four data channels provided the most diagnos-
tic information. A total of 102 examiners re-
sponded electronically to the initial invitation.
They were provided details of the study in a
follow-on email (Appendix B) with a request for
information regarding the sector in which the
examiners worked, their years of polygraph
experience, and the state (or country) where
they practiced.

The volunteer scorers were assigned
into deception-expectation and truthful-
ness-expectation groups randomly, with one
modification. Examiners working in the same
state or foreign country were programmed
with the same expectancy, either deception
or truthfulness. This procedure was put into
place to help mitigate the risk that geograph-
ically close examiners would discover they
were scoring the same cases but had received
opposite information on “ground truth.”

The 102 volunteers were sent elec-
tronic copies of polygraph charts to score. The
scorers were sent only the PDF files of charts,
participant instructions and an Excel spread-

96
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sheet file to enter scores. They were not given
background information, the test topics or the
test questions. From the 102 examiners who
expressed initial interest in the study a total
of 73 (71.5%) submitted scoring data. The
truthful-expectation group produced 39 sets
of scores and the deception-expectation group
submitted 34 sets. A test of proportions found
no significant difference in the return rate of
scores between these groups (z = 0.70, ns).

All data were anonymized using num-
bers in place of names of the scorers. Only
the scorers’ years of experience and sector of
practice were included with the scores.

We used cutoff scores of +/-4 total for
the decision threshold in the study. This was
because the original examiner and quality
control reviewer had had a minimum of +/-4
for the 10 cases in which they made definitive
decisions. These cutoff scores were arbitrary
and do not match those used by most examin-
ers in the field.

Results

Decisions

The truthful-expectation (TE) and de-
ception-expectation (DE) groups were com-
pared to one another for the respective num-
ber of decisions of Deception Indicated (DI),
No Deception Indicated (NDI) and Inconclusive
(INC) using the imposed cutoff scores of +/-4
per case. With 15 possible decisions for each
of the two groups, the TE group average 7.4
decisions (sd = 2.72) of NDI compared to 3.2
(sd = 2.14) decisions of NDI for the DE group.
The difference was significant (¢71] = 7.06, p
= .000). The TE group averaged 4.0 decisions
(sd = 1.78) of DI overall compared to 7.8 (sd =
2.74) decisions of DI for the DE group. This
difference was also significant (¢{71] = 6.99, p
= .000). There were no significant differences
between the number of INC decisions from the
TE and DE groups ({71] = 0.85, ns). Table 1
shows the average number of DI, NDI and INC
decisions for the TE and DE groups.

Polygraph & Forensic Credibility Assessment , 2018, 47 (2)



Believing Is Seeing: The Influence of Expectations on Blind Scoring

Table 1. Average number of NDI, DI and INC decisions for the truthful-expectation and
deception-expectation groups for the 15 cases they reviewed. * p < 0.05.

Truthful Deception
Expectation Expectation Difference
NDI Decisions 7.4 3.2 4.2%
DI Decisions 4.0 7.8 3.8*%
INC Decisions 3.6 4.0 0.4
Total 15 15

Scorer expectations also influenced
their agreement with the decisions of the orig-
inal polygraph examiner. As Table 2 shows,
groups with different expectations of ground
truth tended to adjust their decisions to be in
accord with the expectation. The TE group,
which had been informed that all 15 of the
cases had come from confirmed truthful ex-
aminees, had high concordance (91.2%) with
the subset of five original decisions of truthful-
ness by the testing examiner. The DE group,
expecting that all cases were confirmed as de-

ceptive, were significantly less likely to agree
(50.6%) with the original examiner on the
same cases. Conversely, the DE group had
91.2% agreement with the decision of the orig-
inal examiner when the examiner had deci-
sions of deception on those five cases, but the
TE group only agreed in about two-thirds of
the time. There was a similar effect on the five
cases the testing examiner had called Incon-
clusive, with TE and DE groups significantly
diverging in their decisions.

Table 2. Rates at which groups with truthful expectations and deception expectations (rows)
made decisions of NDI, DI and Inconclusive (INC) for cases independently deemed as truthful,
deceptive or inconclusive (columns). Values are in percentage. All differences between groups

significant at o < 0.05 are denoted with an *.

Truthful Cases Deceptive Cases Inconclusive Cases
Decisions NDI DI INC | NDI DI INC | NDI DI INC
Truthful Expectation 91.2 1.0 76 | 128 66.6 20.6]| 426 12.8 446
Deception Expectation 506 170 324 118 912 701118 470 412
Absolute Difference 40.6* 16.0* 248* | 110 246* 1361308* 342*% 34
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Table 2 suggests a large proportion of
scorer disagreement were represented by the
scorer making decisions of Inconclusive when
their expectations did not match what they
were seeing in the polygraph data. What may
not be immediately obvious in the table is that
scorer decisions opposite the original deci-
sions represent a minority. To investigate how
often this occurred we conducted an analysis
of the data. Table 3 summarizes how often
scorers were making these opposite decisions.
Among those expecting truthfulness, 23 out of
39 (59%) of the scorers made no opposite deci-
sions and 16 out of 34 (47%) of those expecting

deception had no opposite decisions from the
original examiner. Therefore, it might be con-
cluded that on average about half of the scor-
ers were not persuaded by the manipulation
to make any decisions opposite from what the
polygraph data indicated. Rather, they tend-
ed to place those cases into the Inconclusive
bin in higher proportions. Less comforting,
however, the other half of the scorers showed
a willingness in varying degrees to form deci-
sions in the direction of their expectations and
entirely contrary to the polygraph chart data.

Table 3. Number of scorers who made O, 1, 2, 3, 4 or 5 decisions directly opposite those of
the original testing examiner. No scorer made more than 5 opposite decisions. None of the
proportions in each of the six categories (columns) in the table were significantly different

between expectation groups (rows).

Number of Scorers Who Made Decisions Opposite

0 1 2 3 4 5

Truthful
Expectation - u‘ 23 10 3 1 2 0
Deception 16 10 4 3 0 1

to the Original Results

Of some practical relevance to this proj-
ect is what a commonly available polygraph
algorithm would have decided with these same
cases. The Objective Scoring System version 3
(OSS-3; Nelson, Krapohl & Handler, 2008) an-
alyzed the 15 cases used in this project. OSS-
3 was not accessed by the original examiner to
formulate any decisions and it was not used
as part of the selection process for any of the
15 cases in this study. The algorithm was in
perfect agreement with the original examiner

on decisions of truthfulness and deception but
was more aggressive in its decisions for the 5
cases called Inconclusive by the original ex-
aminer. Of those five Inconclusive cases the
algorithm made four definitive decisions. Be-
cause ground truth is not known for any of the
cases in this project, accuracy could not be
calculated. Table 4 shows the distribution of
decisions, which are represented as percent-
ages to permit direct comparison to Table 2.

Table 4. Rates at which the OSS-3 algorithm made decisions of NDI, DI and Inconclusive (INC)
for cases independently deem as truthful, deceptive or inconclusive. Values in percent.

Truthful Cases

Deceptive Cases

Inconclusive Cases

\

Decisions NDI DI INC| NDI DI INC| NDI DI INC
QSS-3 algorithm 100 0O 0 0] 100 0O 20 60 20
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Scores

As might be anticipated from the pre-
vious Decisions section, polygraph scores also
shifted according to scorer expectations. Ta-
ble S lists the average mean scores for truth-
ful, deceptive and inconclusive cases by ex-
pectation. For the five truthful cases the TE
group averaged 10.41 (sd = 2.90) points per
case whereas the DE group averaged only 3.68
(sd = 4.53) per case. This difference is signif-

icant ({71] = 6.74, p = 0.000). A similar shift
in scores can be observed for the five decep-
tive cases. The TE group average -6.25 (sd =
4.73) points per case compared to -13.42 (sd
= 4.29) points by the DE group, also signifi-
cantly different (¢71] = 7.66, p = 0.000). For
the inconclusive cases the TE group also as-
signed more positive scores per case at 2.23
(sd = 3.33) against a -3.33 (sd = 3.05) for the
DE group. This difference was also significant
({71] =7.40, p = 0.000).

Table 5. Average total scores per case for TE and DE groups for cases previously deemed

truthful, deceptive or inconclusive.

Truthful Cases Deceptive Cases Inconclusive Cases
Truthful Expectation 10.41 -6.25 2.23
Deception Expectation 3.68 -13.42 -3.33
Absolute Difference 6.73 717 556

Bias Index

To assess the degree of bias we created
a simple “Bias Index” which gauged scorers’
decisions against the results of the original
examiner. In the Bias Index a scorer began
with O points. If the scorer made a decision in
the direction of the expectation manipulation
and opposed to the original examiner decision
the scorer received 2 points. For example, if
a scorer had an expectation of deception and
called 3 of the 5 “truthful” cases as decep-
tive, that scorer would receive 6 bias points
(2 points X 3 decisions opposite those of the
original examiner.) With a total of five cases in
each category of NDI and DI a scorer in either
expectation group could garner a maximum of
10 points for decisions that were diametrical-
ly opposite those of the original examiner. If
instead the scorers had made Inconclusive de-
cisions on any of these same five cases, they
would receive 1 point for each of the cases in-
stead of 2 points. In other words, an opposite
result was worth 2 points but a shift only to
an inconclusive result added only 1 point each
to the Bias Index. Finally, if the scorer made
decisions on the 5 original “Inconclusive” cas-
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es in the direction of the expectation manip-
ulation, the scorer would receive 1 point per
case. A scorer could receive up to 15 points
in this Bias Index. A final score of O points
in the index would suggest the scorer was not
influenced by expectations and a final score of
15 points would indicate perfect influence of
expectations.

The average bias score for the TE group
was 4.44 points (sd = 3.49) and a range of O to
13 points. The average bias score for the DE
group was 5.58 points (sd = 3.72) with a range
of O to 15 points. A t-test was conducted to
determine whether the bias scores of the two
groups were different from one another, which
found they were not (¢{(71) = 0.15, ns). There
were also no significant correlations between
years of polygraph experience and bias score
for either the TE group (r = 0.001, ns) or the
TD group (r = 0.13, ns).

For convenience of discussion later
in this paper we divided the bias scores into
three nominal categories: O — 5 points = low
bias, 6 — 10 points = moderate bias, and 11
— 15 = high bias. Table 6 lists the number



Krapohl, Dutton

of scorers who fall into these categories. For
both TE and DE groups most of the scorers fell
into the low bias category. Tests of propor-

tions found no significant differences between
the expectation groups for the proportions of
scorers in each of the bias three categories.

Table 6. Number of scorers (and percentages) in each of the bias categories for the truthful

and deception expectation groups.

Truthful Expectation

Deception Expectation

Low bias (0 - 5 bias points)
Moderate bias (6 - 10 bias points)
High bias (11 - 15 bias points)

27 (69.2%)
8 (20.5%)
4 (10.3%)

18 (52.9%)
12 (35.3%)
4 (11.8%)

Total

39 (100,0%)

34 (100,0%)

Discussion

Our findings partially replicated those
of Elaad et al. (1994) in their assessment of
polygraph examiners with the Israel National
Police. Consistent with Elaad, cases originally
considered inconclusive by the testing exam-
iner and the quality control reviewer tended
to be called deceptive or truthful by our blind
scorers in the direction of the expectation ma-
nipulation. The two studies taken together
support the conclusion that when the poly-
graph data are unclear scorers appeared to be
affected by expectations. The a priori belief in
the examinees’ veracity seemed to have led the
two expectancy groups to evaluate the same
data in sharply divergent ways.

We did not anticipate the same tenden-
cy among scorers when the polygraph charts
clearly indicated truthfulness or deception,
though the Shurany et al. (2009) single-sam-
ple data hinted at such a finding. Our data
showed the original testing examiner, the in-
dependent quality control reviewer and subse-
quently a polygraph algorithm all agreed that
S of the 15 cases plainly indicated truthful-
ness and a second group of 5 were definitely
deceptive cases. As seen in Table 2, the scor-
ers expecting deceptiveness agreed at a very
high rate on the five cases originally consid-
ered deceptive, but only half as often on cases
originally called truthful. Similarly, the scor-
ers receiving the truthful manipulation did ex-
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ceptionally well with the cases originally called
truthful, but only for about two-thirds of the
cases originally called deceptive.

Implications

Taken in to, it would appear our simple
manipulation of expectations had a significant
effect on the interpretation of not only ambig-
uous polygraph data, but on clear-cut cases,
as well. On its face this could be unwelcomed
news to those who rely on polygraph services.
It is important to note, though, there may be
important differences between the conditions
of the study and conditions in the field that
could affect generalization of the findings.
Among these differences are that many poly-
graph examiners in private practice, most in
law enforcement, and all government poly-
graph examiners have independent quality
control built into their decision processes. It
typically includes blind scoring of the poly-
graph data, an important step to diminish the
effect of bias. An independent review of the
polygraph data can provide not only the de-
tection of, but deterrence against, bias in the
scoring of polygraph data.

In addition, all modern polygraphs are
computerized and include algorithms for the
analysis of the data. These automated analyt-
ical systems are immune to social influences
or extra-polygraphic information that may af-
fect a scorer and are routinely used by many
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field examiners. Indeed, every study that has
compared human decisions with algorithm de-
cisions has found a small but consistently bet-
ter performance for the algorithm decisions,
regardless of which algorithms were employed
(Blackwell, 1999; Kircher & Raskin, 1988;
Kircher, Kristjansson, Gardner & Webb, 2005;
Nelson, Krapohl & Handler, 2008, Raskin &
Kircher, 2014). The scorers in our study were
cut off from both quality control and algo-
rithms. Our imposition of isolation may have
created conditions quite different from the
normal decision processes for some or most
scorers.

What may be supportable from our
findings are that some polygraph examiners
who do not have, or do not avail themselves
of, a means for independently evaluating their
polygraph charts may be at risk from the in-
fluences of bias on their chart interpretation.
The risk can vary depending on an individual
susceptibility to biasing influences as not all
examiners in our study were affected equally.
Indeed, a small number showed total resis-
tance to our manipulation while another small
number showed the opposite. Our Bias In-
dex suggests about half of our scorers showed
no or low bias after our manipulation of ex-
pectations and the other were in moderate or
high bias categories. It would be the latter two
groups that would benefit most from indepen-
dent evaluations of their polygraph data.

At a minimum, it would seem reason-
able all examiners could refer to algorithm
results to help protect their polygraph chart
analysis from bias, as well as the eroding in-
fluences of fatigue, haste and distraction.
More work is needed to determine the best
role algorithms should play in decision-mak-
ing. Algorithms can more efficiently process
polygraph data than can humans and they are
unaffected by biasing influences of outside in-
formation, perceptions and emotions. Never-
theless, algorithms so far do not appear ready
to replace the human in the identification of
certain artifacts, distortions and suspected
countermeasures. This can be especially true
if polygraph reactions have been induced by
visual or auditory distractions that intrude
upon the polygraph session, noticeable to the
human but invisible to the algorithm.

It is our belief that neither the human
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nor the algorithm by themselves can compete
with the optimal combination of human and
algorithm (Raskin & Kircher, 1990). This re-
mains largely conjecture for the moment. To
date there has been little research interest
in examiner-algorithm interaction in deci-
sion-making. The sole available study involv-
ing examiners having access to algorithm re-
sults as part of their evaluation process found
examiners made almost no use of the algo-
rithm information (Krapohl & Goodson, 2015).
A combination of the algorithm and the hu-
man in that study improved decision accuracy
more than 10%. Generalizability was limited,
however, because it used Relevant-Irrelevant
test data, an approach repeatedly found to
have suspect validity (Honts & Handler, 2014;
Horowitz, Kircher, Honts & Raskin, 1997,
Krapohl & Goodson, 2015; Krapohl & Rosales,
2014). Research that includes techniques
found valid and in common use would help
resolve this question and guide field decision
policies regarding algorithm use.

Independent quality control may also
bring value as an alternative to, or in combi-
nation with, algorithms. Human evaluators
kept blind to everything except the charts may
be less affected by bias. Bias can still creep
into decision-making, though. For example,
if quality control reviewers overseeing screen-
ing examinations can infer the topics of the
test questions from the question labels, they
may be able to estimate the base rates of the
different test questions. If so, they may un-
consciously include this factor in the scoring
of their polygraph charts.

Bias may have its greatest impact on
techniques that do not have either a manu-
al scoring system or an algorithm. The only
technique still in wide practice at this writing
that has no scoring system or algorithm is the
Relevant-Irrelevant (RI) test. Evaluation of the
RI test is still based on subjective impressions
of the test charts. Lacking any benchmarks
against which to conduct that evaluation, the
RI test should be vulnerable to a range of in-
dividual differences among evaluators. In-
deed, blind evaluation studies of confirmed
RI screening cases where there was no bias
manipulation found that pairs of examiners
agreed about 59% of the time in their veracity
decisions (Krapohl & Goodson, 2015; Krapohl
& Rosales, 2014). The introduction of bias on
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top of poor inter-examiner agreement should
be expected to produce a larger effect than
what was found in the present study.

Despite the potential value of quality
control and algorithms, the two established
means to reduce examiner bias, they may not
be immediately accepted by all members of the
practitioner community. Many consider their
own manual polygraph scores to be the final
word on polygraph decisions. They may re-
gard quality control and algorithms a loss of
control, perhaps a diminishing of the examin-
er’s value in the examination process. Inde-
pendent quality control can add time and cost
to polygraph examinations, the bane of exam-
iners in private practice. As to algorithms,
explaining to clients and customers why an
algorithm disagrees with manual scoring may
be uncomfortable to examiners who have be-
come accustomed to delivering certainty with
their scoring methods alone. These and other
considerations must be overcome if there is to
be an adaptive professional response to the in-
fluence of bias on polygraph results.

Limitations

Our study used a total of 15 cases,
but only S in each category (truthful, decep-
tive, inconclusive). Whether all field cases are
well-represented with this small sample seems
unlikely. Our data may have been qualitative-
ly different from the data polygraph examiners
produce in their own sessions.

None of the 15 cases had been inde-
pendently confirmed as coming from truthful
or deceptive examinees. For this reason the
study is not suitable for estimating polygraph
decision accuracy. Any of the participating
scorers may have been 100% accurate in his
or her decisions.

The study had no control group, scor-
ers who were given no biasing information.
While we demonstrated significant differenc-
es between the groups, it remains possible
that only one of the groups was affected by
the manipulation. The other group may have
matched the decisions made by a control
group. While possible, this outcome seemed
unlikely because an independent scorer had
agreed with the original examiner for all 15
cases used in this study.
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The Bias Index was intended to repre-
sent the degree to which expectations affect-
ed individual scorers. We acknowledge it is
a blunt instrument that does not account for
the influences of bias that are unrelated to the
study manipulation. Consider a scorer with a
personal bias for making decisions of truthful-
ness on polygraph cases who by chance was
assigned to the truthful-expectation group.
That scorer may receive a score in the Bias In-
dex suggesting a bias for expectations but that
score could have masked a pre-existing bias
in the same direction. It may benefit future
researchers to experimentally capture preex-
isting tendencies so to allow the researchers to
disentangle the two potential sources of scorer
bias.

Summary

Our study showed generally that poly-
graph examiners conducting blind scoring
of polygraph cases without access to quality
control or automated algorithms can fall prey
to biasing influences. There was a range of
individual differences in that susceptibility.
The bias finding is consistent with research in
almost all professions that rely entirely upon
human judgments. The study, combined with
those of previous research showing a similar
effect, highlights the need for development of
best practices and model policies to manage
the potential problem of biasing influences on
polygraph chart scoring.
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Appendix A

Instructions Given to Scoring Volunteers

Please Read Before Beginning

Dear Scorer:

Thank you for volunteering to participate in our research project. Your data is important to
this project. Our principal research objectives are to identify which polygraph channels are
receiving the most points, how consistent the point assignment is within each channel, and how
much agreement there is among polygraph data channels.

The 15 cases on the following pages were all confirmed by ground truth. Half of the
examiners in this study will be given only truthful cases while others will have only received
deceptive cases. You have been randomly selected to score truthful cases. The examinees
were positively confirmed to be truthful to both relevant questions. However, the original
examiners got some of these cases wrong. Here are additional details you will need to know:

1. All 15 cases were conducted using the Air Force Modified General Question
Technique (AF MGQT) with two relevant questions.

2. Some cases are of suspects, others of possible witnesses or victims.

3. Some cases will be easy to score while others may be a bit of a challenge. The original
examiners got most of these cases correct, but not all.

4. The topmost tracing is from the motion sensor, which was placed in the seat of the chair.

5. The bottommost tracing is the photoplethysmograph. Note: If you do not know how to
score the photoplethysmograph, please leave those places empty in the score sheet.

6. Only assign one pneumo score per relevant question, though there are two pneumo tracings.

7. The remaining tracings are the regular polygraph channels placed in their traditional
locations.

8. There are NO countermeasure cases in this sample.

We are asking that you use traditional 7-position scoring. Some volunteers normally use
3- position and the Empirical Scoring System (ESS) in their field practices, but we want all
examiners to use 7-position scoring to make everyone’s scores comparable.

We developed a score sheet for the cases in Excel. That file accompanied this document.
We encourage volunteers to save the file on your computer, using your name in the File name
(i.e., myname.xIsx). The score sheet automatically calculates the numbers we need for our
study, and we hope you will find it easy to use. Once you score all 15 cases simply email the
Excel file back to us at apakrapohl@gmail.com. If you cannot use the Excel score sheet, you
are invited to use your own paper score sheets and just email back the total score for each data
channel for each case. That means sending in one pneumo, one EDA, one cardio and one PPG
total score per case. We will average your scores with those of other scorers to assess the
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weight each polygraph channel receives.

Though in this study we are not interested in decision accuracy, some volunteers
expressed a wish to know how many cases they got right. Because you have already been
told which scoring group you are in (truthful) you will be able to calculate your own
accuracy. Based on our pilot study most scorers should get the majority of cases correct.
Experienced examiners typically finish scoring all 15 cases in 1-2 hours, while less
experienced examiners may take longer.

Finally, we ask scorers not to share the charts, their score sheets or their opinions about
the study with anyone until after July 1% to protect the integrity of the data. July 1%is the final
date for volunteers to submit their score sheets. After that date you are free to share anything
you wish.

Once again, thank you for your support for this project. The results will be
presented at the APA Seminar in August. If you have any questions, please write to
Don at XXXXXX.

Good luck.
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Appendix B

Email Sent to Scoring Volunteers

Dear APA Member:

Thank you for your interest in participating in the chart scoring project. We were gratified
to receive so many positive responses to our request for scorers. We are currently
preparing the 15 cases to be sent to you. They will be in PDF format attached to an
email. If you do not have Adobe Reader, it can be downloaded for free
at https://get.adobe.com/reader’/.

We will ask you to enter your scores into an Excel spreadsheet which we will send you. If
you do not have Excel, you may use paper score sheets, scan them, and send them to me
at this email address as an attachment. Remember we are interested in your scores, not
necessarily your decisions.

The most frequently asked question from the volunteers has been whether they will get to
learn what ground truth is for these cases so they can know their accuracy in
scoring. Because our interest in this study will focus on which polygraph channels get the
most scores, we will provide ground truth when we send the cases. That way you can
determine your own accuracy. Please be advised that the cases were confirmed by
independent ground truth (e.g., confession, confession of someone else, fingerprints,
determination that no crime took place, finding stolen property in the suspect's residence,
etc.), and that the testing examiner may have been correct or incorrect in the original
decision.

The second most frequent comment from volunteers has been that they know 7-position
scoring but don't practice it often. For those who may be less practiced in 7-position scoring
| have attached a pamphlet on the most commonly used form of 7-position scoring, the US
government approach. | downloaded it from the Internet so | can't say it is exactly how the
US government does scoring, but my impression is that it is similar to what | see examiners
doing in the field most often. You are welcomed to use it as a reference for this project.

Finally, | need four pieces of background information from all scorers. As soon as
possible please send me your:

1. Name

2. Whether you are an examiner in law enforcement, government or private practice
3. The city, state or province, and country where you do most of your testing

4. How many years of polygraph experience you have

Mr. Donnie Dutton and | will present the data from this project at the APA seminar in
Austin, Texas, this August. We will not associate any scorings with any particular
examiner. However, we intend to show a slide of the names of all of those individuals who
stepped forward to volunteer for the project so we can publicly acknowledge and express
appreciation for your help. If you do not wish to have your name listed on the
Acknowledgments slide, please let me know and we will respect your wishes.

Again, thank you for volunteering to help us with this research project. We believe it will
add to our growing knowledge about polygraph scoring.
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Reducing Inconclusive Results: A Descriptive Analysis of

Decision Rules, Weighted Electrodermal Scores and Multinomial Cut-scores

Raymond Nelson and Mark Handler?
Abstract

An archival sample of N=100 confirmed field polygraph exams was used to calculate descrip-
tive statistics, including point estimates, to study the effect on inconclusive results and other met-
rics of test accuracy. Data were analyzed as a function of different decision rules, structural weight-
ing of sensor scores and cut-scores. Decision rules included the federal-zone-rules, grand-total-rule,
subtotal-score-rule, two-stage-rules. Numerical scores were obtained through an automated feature
extraction algorithm. Results were evaluated with both unweighted three-position numerical scores
and after weighting the integer scores for electrodermal responses. Results are shown for both tra-
ditional numerical cut-scores and also using cut-scores obtained from multinomial reference dis-
tributions for three-position comparison question test scores with both weighted and unweighted
electrodermal scores. Use of different decision rules had less effect with the multinomial cut-scores
than with traditional cut-scores. Weighted EDA scores produced an average 49% reduction of incon-
clusive results across all decision rules, and the combination of weighted EDA scores and multino-
mial cut-scores reduced the occurrence of inconclusive results by an average of 72%.

deception than was already available before
the test.

Introduction

Few things are more disappointing for

field polygraph examiners and referring agents
than an inconclusive? test result. There is lit-
tle to compare with the sense of frustration
when — after all the time and effort invested
in preparing for the test, the pretest interview,
target selection, question formulation, test
data collection, and test data analysis — a test
result is not statistically significant for decep-
tion or truth-telling. This sense of frustration
is, at times, shared by some examinees — es-
pecially those who are innocent — who, having
agreed to testing in hopes of producing test
data that can serve as a basis of evidence to
support professional conclusions about in-
nocence or truth-telling, must necessarily be
informed that their inconclusive test result
provides no better information about truth or

In years past, in the absence of a prob-
abilistic view of polygraph test results, it may
have been tempting to up-sell the capabilities
of the polygraph as virtually infallible. During
that era, an inconclusive result was at times
regarded as an indication of an unskilled ex-
aminer. Behind this attitude or belief was
likely a sincere desire among polygraph exam-
iners to be of actual help to referring profes-
sionals, for whom an inconclusive test result
offered little or no practical value. And virtu-
ally nobody wants to purchase the services of
a probabilistic test for which we could offer
little more than conjecture as to the strength
of the conclusion. In the absence of an ability
to realistically quantify the level of confidence

1 The authors are extremely grateful to Mr. Don Krapohl and Texas DPS Captain Matt Hicks (who functioned as the action
editor for this project) for reviewing, commenting and editing earlier drafts of this manuscript.

2 To remain consistent with the terminology of the forensic sciences we have chosen to call indeterminate polygraph
results “inconclusive” rather than the neologism “No Opinion.”
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or margin of uncertainty for the test result, it
may have been a matter of professional mar-
keting to up-sell or over-sell the capabilities
of the test, including unrealistic expectations
for infallibility and the absence of inconclusive
results.

It may be helpful to remember that in-
conclusive results are not unique to polygraph
testing; all forensic tests are burdened with a
certain proportion of inconclusive outcomes.
The stated reason for them depends upon the
forensic discipline in which the test is conduct-
ed, but in the main it is because the signal/
pattern/trace/sample/marker/image is inad-
equate or contaminated. So too is it with the
polygraph. Even under ideal conditions, with
heroic effort and with perfect examinees, pre-
test interviews, and charts there will always
be some cases in which the data do not allow
for a reliable decision. An important objective
in all forensic disciplines is to minimize those
occasions.

Objectively, if people believed the poly-
graph to be infallible then there would be no
great difficulty in accepting a test result at
face value. However, most polygraph examin-
ers, and other professionals that we are aware
of, would be hesitant to accept a test result at
face value without scrutinizing the test admin-
istration, test data, and analytic result. Also,
no thinking person today will accept the no-
tion that polygraph is infallible or determin-
istic. It is well established that all scientific
test results rely on probabilities and probabil-
ity theory to quantify important phenomena
that cannot be subject to perfect deterministic
observation or direct physical measurement.
Polygraph technologies, methodologies, and
standards have all evolved along with this un-
derstanding.

Presently, it is reasonably understood
by most — polygraph professionals, referring
agents, courts, legislators, scientists, members
of the community, and the entertainment and
news industries — that the polygraph test is,
like other scientific tests, merely a statistical
classifier intended to quantify a phenomenon
that cannot be subject to perfect deterministic
observation or direct physical measurement.
All tests are fundamentally probabilistic. Along
with any use of statistics and probability the-
ory comes the potential for testing error. The

Polygraph & Forensic Credibility Assessment , 2018, 47 (2)

109

A

practical purpose of test data analysis is often
to achieve a categorical classification or cate-
gorical test result. But experts who possess a
broader and more complete understanding of
scientific test are aware that the actual pur-
pose of test data analysis is to quantify — in
some reproducible manner — the level of con-
fidence or margin of uncertainty surrounding
a test result. Any reasonable and intelligent
use of statistical theory and statistical meth-
ods will include an acknowledgement of some
potential for testing error, and some potential
that test results may not achieve a required
level of statistical significance. Despite this,
inclusive test results, are still the bane of field
polygraph examiners everywhere.

Reducing the proportion of inconclu-
sive results can potentially increase the ef-
fectiveness of the test. Inconclusive results
are inversely related to utility. Higher rates
of inconclusive results correspond with a low-
er rate of utility or usefulness. One common
strategy for reducing the occurrence of incon-
clusive test results is to increase the volume
of available test data by repeating the series
of relevant and comparison questions one or
two additional times, beyond the minimum
three repetitions. Another strategy for reduc-
ing the occurrence of inconclusive results is
to include additional independent diagnostic
information, such as from a vasomotor sensor,
to the traditional array of respiration, cardio,
and electrodermal sensors. There are also oth-
er, subtler, strategies to reduce the occurrence
of inconclusive test results, and these can in-
clude target selection, question formulation,
and interviewing skills.

In this paper we use an archival sample
of confirmed criminal investigation polygraphs
to show three additional evidence-based ap-
proaches to field practices that can reduce the
occurrence of inconclusive test results while
increasing the objectivity and statistical power
of the test. The first among these involves poly-
graph decision rules. The second field prac-
tice area involves the weighting of electroder-
mal (EDA) scores when assigning Likert-type
(1932) three-position scores to physiological
response to polygraph questions. Thirdly, we
show the effect of replacing traditional poly-
graph cut-scores with cut-scores derived from
a multinomial distribution of polygraph scores
based the analytic theory of the polygraph test.
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Method
Sample Data

A sample of confirmed field polygraphs
was obtained from an earlier study by Krapohl
(2005). The sample data consisted of N=100
polygraph examinations that were selected
randomly from an archive of confirmed field
cases. All exams were conducted by U.S. law
enforcement agencies using the Federal Zone
Comparison (ZCT) test format (Light, 1999;
Department of Defense, 2006a), for which the
sequence of scored questions, including three
relevant questions and three comparison
questions, was repeated three times. Sample
cases consisted of n=50 confirmed truthful
cases and n=50 confirmed deceptive cases.
Data for all cases consisted of recording sen-
sors for changes in thoracic and abdominal
respiration activity, electrodermal activity,
and cardiovascular activity.

Table 1 shows is an extended calcula-
tion of the sample results reported by Krapohl
(2005) using the Federal Zone Rule (FZR) and
seven-position scores, including test sensitiv-
ity or true-positive (TP) rate and specificity or
true-negative (TN) rate, false-positive (FP) and
false-negative (FN) errors, inconclusive (INC)
results, and the unweighted average of correct
decisions and inconclusive results for con-
firmed deceptive and truthful cases. Table 1
also shows the positive-predictive-value (PPV;
calculated as TP/(TP+FP) and negative-pre-
dictive-value (NPV; calculated as TN/(TN+FN).
Also shown in Table 1 is the detection efficiency
coefficient (DEC; Kircher, Horowitz & Raskin,
1988), calculated as the Pearson correlation of
the case status [-1, 1] and test result [-1, O,
1]. The DEC provides a single metric that en-
compasses correct classifications, errors and
inconclusive results for both deceptive and
truthful sample cases.

Krapohl (2005) reported results using
“investigative rules,” for which deceptive clas-
sifications were made if the grand total score
equaled or exceeded a cut-score of -6, or any
subtotal score equaled or exceeded -3. Truth-
ful classifications were made only when the
grand-total score equaled or exceeded +6 and
all subtotal scores exceed +1. All other con-
ditions were classified as inconclusive. These
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procedures can be found in publications by the
Department of Defense (2006a; 2006b) and is
referred to as the Federal Zone Rule (FZR) for
the remainder of this manuscript.

Krapohl (2005) also reported results
using “evidentiary rules,” for which deceptive
classifications were made if the grand total
score equaled or exceeded -6 while truthful
classifications were made if the grand total
score equaled or exceeded +4. In cases where
the grand total was in the range from -5 to +3
the subtotal scores were used to make decep-
tive classifications if any subtotal equaled or
exceeded -3. All other conditions were classi-
fied as inconclusive. The process of first using
the grand total score and subsequently us-
ing subsequently using subtotal scores if the
grand total is inconclusive was first described
by Senter and Dollins (2003) and is referred to
as the two-stage-rule (TSR) for the remainder
of this manuscript.
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Table 1. Sample results (n=100) reported by Krapohl (2005) for seven-position scores.

Investigative Rules / FZR | Evidentiary Rules / TSR
Sensitivity (deception) .78 .81
Specificity (truth-telling) .62 .80
False-negative Errors .07 10
False-positive Errors .09 .09
Inconclusive-guilty 15 .09
Inconclusive-innocent .29 A1
Unweighted Accuracy .90 .90
Unweighted Inconclusives 22 .10
Positive Predictive Value .90 .90
Negative Predictive Value .90 .89
Detection Efficiency Coefficient .67 .74

Results from Krapohl (2005), shown
in Table 1, results are consistent with other
studies using the FZR and showed that in-
conclusive results are loaded for innocent
persons. Krapohl showed that use of the sev-
en-position scores with the TSR and eviden-
tiary cut-scores resulted in similar classifi-
cation accuracy, though with improved test
specificity and a reduction of the inconclusive
rate by 55%. Importantly, Krapohl used differ-
ent cut-scores for the FZR and TSR, and it re-
mains unknown what portion of the observed
difference can be attributed to decision rules
and/or to the different cut-scores. The present
analysis is an attempt to provide more infor-
mation about observed differences in test ac-
curacy as a function of inconclusive rates for
decision rules, cut-scores and other factors.

Feature Extraction and Data Reduction

Sample case were scored using a
three-position numerical scoring method
(Bradley & Janisse, 1981; Department of De-
fense, 2006b; van Herk, 1991). For each iter-
ation of each relevant question and for each
recording sensor, three-position numerical
scores were assigned via an automated feature
extraction algorithm that was developed using
the R statistical computing language (R Core
Team, 2018). The three-position scoring meth-
od is Likert-type coding system, based on the
analytic theory of the polygraph test (Nelson,
2015). Scores of +1, 0 and -1 were assigned
to relevant and comparison question pairs —
referred to by field polygraph examiners as
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analysis subtotals or “spots”. Negative scores
were indicative of greater changes in physio-
logical activity in response to relevant ques-
tions whereas positive scores were indicative
of greater changes in physiological activity in
response to comparison questions. Scores of
0 were assigned when there was little or no
difference in response to relevant and compar-
ison questions.

The automated algorithm was designed
to extract information about the relative am-
plitude of increase in electrodermal activity,
relative increase in blood pressure, and rel-
ative suppression or reduction of respiration
activity. These responses have been shown
to be correlated with differences in physio-
logical response to relevant and comparison
polygraph questions under the analytic theo-
ry of the comparison question polygraph test
(Kircher & Raskin, 1988; Kubis, 1962; Sum-
mers, 1939) [see Nelson (2016) for a discus-
sion]. The automated feature extraction algo-
rithm performed nearly all traditional analysis
tasks, including identification of response on-
set and response peak and the calculation of
numerical differences between response peak
and response onset.

The automated feature extraction algo-
rithm also selected relevant and comparison
question pairs, such that for each repetition
of the question sequences for the ZCT cases
in the sample data the physiological respons-
es to second and third relevant questions was
paired with the physiological response to the
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preceding comparison question. For each re-
cording sensor the automated algorithm paired
the physiological responses to the first rele-
vant question with the physiological response
from either the preceding or subsequent com-
parison question by selecting the comparison
question that produced the greater change in
physiological activity.

Prior to feature extraction the auto-
mated algorithm scaled the recorded physi-
ological data for visualization and performed
some identification and rejection of data arti-
facts such as deep breaths in respiration ac-
tivity, physical movement in the cardio data,
and labile electrodermal responses that were
unrelated to or untimely with the test ques-
tion.

Dimensionless numerical measure-
ments were obtained from the scaled physio-
logical data from response onset to response
end using a 15 second evaluation window
(EW). Respiration excursion was measured
as the mean of 1 second intervals from O to
14 seconds at a data rate of 30 sample per
second, excluding 2 seconds prior to and sub-
sequent to the verbal answer. Electrodermal
and cardio responses were measured as the
dimensionless difference of the maximum dif-
ference between the onset of a positive slope
segment that began during the ROW and a
subsequent peak of a positive slope segment.
EDA and cardio response peak points were
identified in the EW and were included in the
extracted measurements if they occurred af-
ter the EW if the positive slope segment began
during the ROW.

Measured segments for relevant and
comparison questions were combined as the
R/C ratio, which is the extracted relevant
question measurement divided by the extract-
ed comparison question measurement. R/C
ratios were logged so that they produce values
that are symmetrical around a mean of zero.

Non-parametric integer scores were
assigned to the physiological responses to
analysis spots (i.e., relevant and comparison
question pairs) using a three-position Likert
(1932) type scale [+1, O -1]. Integer scores of
positive sign value were assigned when the
change in physiology was greater at the se-
lected comparison question than the relevant
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question. Integer scores of negative sign value
were assigned when the change in physiology
was greater at the relevant question than the
selected comparison question. Scores of zero
sign (numerical zero) were assigned when the
data were distorted from movement/activity
artifact or were insufficient for scoring due to
no response or due to a response onset prior to
question onset, with no response onset during
a defined response onset window (ROW) from
question onset to five seconds after the verbal
answer. Electrodermal and cardio responses
were not used if they began during a .5 second
latency period at question onset.

Non-parametric scores are intended
to capture and express general information
about the differences in response to relevant
and comparison questions but do not pro-
vide information that can be subject to linear
assumptions about the degree of difference
in response. However, some threshold con-
straints were used to prevent the assignment
of numerical scores for segments of data that
produced very little difference or extreme dif-
ferences in responses to relevant and compari-
son questions. Threshold constraints were de-
termined from optimization experiments with
another a confirmed case sample used by Nel-
son (2018a) and are shown in Table 2. Integer
scores were assigned when the logged R/C ra-
tio was within these constraints, and no score
was assigned with the value was less than or
greater than these constraint thresholds.
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Table 2. Threshold constraints for non-parametric scores

- Lower limit Upper limit
Sensor Ratio Logged ratio Ratio Logged ratio
Respiration 1.05/1.25° .049/.223 1.5 406
Electrodermal 1.05 .049 1000 6.908
Cardio 1.05 .049 1000 6.908

" An asymmetrical constraint 1.25 was used for the lower limit of respiration scores when

constraint.

assigning scores of + sign value. Optimization studies with other sampling data indicates that
+ scores are more likely to be negatively correlated with truth-telling without the asymmetrical

Data Reduction

Data reduction for each of the sam-
ple cases was accomplished by summing the
numerical scores for respiration, electroder-
mal and cardio sensors for all presentations
of each of the relevant test questions. In this
way, a numerical subtotal score was obtained
for each of the relevant questions. Subtotal
scores were then summed to obtain a grand
total score for each of the sample cases.
Classifications of deception and truth-telling
would be made with grand total and/or subto-
tal scores according to established polygraph
decision rules.

Analysis

Sample cases were analyzed for correct
decisions, errors and inconclusive results for
the confirmed field cases and were calculated
for test sensitivity, specificity, false-negative
and false-positive errors, and inconclusive re-
sults for guilty and innocent sub-groups. In
addition, the proportion of correct decisions
was calculated for the guilty and innocent
cases after excluding inconclusive results,
along with the unweighted average of decision
accuracy for the two groups. Positive predic-
tive value and negative predictive values were
also calculated as well as Detection efficiency
coefficients. Accuracy indices were calculated
for several conditions, including for three-po-
sition scores using traditional numerical cut-
scores, after weighting the EDA scores, and
using cut-scores selected from a multinomi-
al reference distribution of weighted and un-
weighted three-position scores (Nelson, 2017,
Nelson, 2018b).
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Results

Results were tabulated for three-posi-
tion scores using different decision rules and
traditional numerical cut-scores. Results were
also tabulated after doubling the value of all
electrodermal scores. Finally, results were
tabulated using cut-scores that were selected
from multinomial reference distributions for
both weighted three-position and unweighted
EDA scores.

Decision Rules

Previous studies by Senter & Doll-
ins (2003) have suggested that the choice of
decision rules may play an important role in
the effectiveness of polygraph classifications
of deception and truth-telling. [See Nelson
(2018c¢) for a discussion of different decision
rules]. Table 3 shows the results three-posi-
tion numerical scores for the n=100 confirmed
field cases. Results are shown using the Fed-
eral ZCT Rule (FZR) with traditional numer-
ical cut-scores (described earlier). Results
for this study were also calculated using the
Grand-Total Rule (GTR). Use of the GTR is a
matter of summing all numerical scores and
comparing the result to numerical cut-scores
for deception or truth-telling (traditionally +6
and -6). Results were also calculated using the
subtotal score rule (SSR), for which the lowest
question subtotal (strongest indication of de-
ception) is compared to numerical cut-scores
for truth-telling (traditionally +3 or greater for
all subtotals) or deception (traditionally -3 or
lower for any subtotal). Also shown in Table
3 are of the sample cases using automated
feature extraction and score assignment us-
ing the TSR with both traditional numerical
cut-scores and the evidentiary cut-scores pro-
posed by Krapohl (2005), as described earlier.
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Table 3. Sample results for decision rules with three-position scores and traditional cut-scores

(n=100).

FZR GTR SSR TSR’ EDR/TSR”
Sensitivity (deception) .80 .56 .80 .80 .80
Specificity (truth-telling) .32 .32 .06 .32 48
False-negative Errors <.01 <.01 <.01 <.01 <.01
False-positive Errors .10 <.01 .10 .10 .10
Inconclusive-guilty .20 44 .20 .20 .20
Inconclusive-innocent .58 .68 .84 .58 42
Unweighted Accuracy .88 >.99 .69 .88 .91
Unweighted Inconclusive rate .39 .56 .52 .39 31
Positive Predictive Value .89 >.99 .89 .89 .89
Negative Predictive Value >.99 >.99 .86 >.99 >.99
Detection Efficiency Coefficient .79 .67 .79 .76 .82
* Results with the TSR are shown using the traditional numerical cut-scores.
** For comparison with Table 1, these evidentiary decision rules (EDR) results with the TSR are shown using asymmetrical cut-scores using by
Krapohl (2005).

Test sensitivity in Table 3 is similar to
that in Table 1, though specificity rates are
lower for all decision rules. PPV and NPV for
the three-position scores were greater than
the results in Table 1, along with generally
higher rates of inconclusive results. FN errors
for the automated three-position scores was
lower than in Tablel. DEC was also increased
for the FZR and TSR, and this can be attribut-
ed to the observed reduction in FN errors. It
possible that these differences are due to the
use of three-position vs seven-position numer-
ical scores, though it is unknown what differ-
ences may be due to the use of automated
feature extraction vs visual/subjective feature
extraction.

PPV and NPV were highest for the GTR,
though the inconclusive rate was also greatest
for this decision rule. Light (1999) argued the
rate of inconclusive cases for the GTR was un-
acceptable for law enforcement use. However,
the Light study is limited in scope — involv-
ing only confirmed guilty cases — and Table 3
shows that inconclusive rates are loaded on
innocent cases. Also, Light did not include an
evaluation of FP errors or the effectiveness of
different numerical cut-scores. Inconclusive
results for guilty cases in Table 3 are greater
than Table 1, and this is most likely attributed
to differences in seven-position and three-po-
sition scores.

In the present study, using three-posi-
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tion scores and automated feature extraction,
it is unclear whether the TSR provides any real
advantage — in terms of classification accuracy
— over the FZR. Results shown in Table 3 indi-
cate a reduction of inconclusive results for in-
nocent cases as a result of improved numeri-
cal cut-scores with the TSR. DEC was greatest
for the TSR with the improved numerical cut-
scores. This suggests the possibility that tra-
ditional numerical cut-scores for grand-total
scores are inefficient for the reduced three-po-
sition scale.

Weighted Electrodermal Scores

Several publications have suggested
that EDA data account for a larger portion
of the diagnostic variance in test scores (An-
sley & Krapohl, 2000; Harris, Horner & Mc-
Quarrie, 2000; Harris & Olson, 1994; Kircher,
1981, 1983; Kircher, Kristjianson, Gardner &
Webb, 2005; Kircher & Raskin, 1988; Krapohl
& McManus, 1999; Nelson, Krapohl & Han-
dler, 2008; Raskin, Kircher, Honts & Horow-
itz, 1988) and contribute more information
to effective conclusions about deception or
truth-telling compared to the other recording
sensors. To observe the differences in sample
results with the three-position scores, EDA
scores were doubled in value in the manner
previously described by Krapohl and McMa-
nus (1999). Table 4 shows the sample results
after weighting the electrodermal scores.
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Table 4. Sample results for decision rules with n=100

cut-scores and weighted electrodermal scores.

confirmed field cases with traditional

FZR GTR SSR TSR’ EDR/TSR”
Sensitivity (deception) .92 .66 .92 .92 .92
Specificity (truth-telling) .52 .54 .16 .54 .68
False-negative Errors <.01 <.01 <.01 <.01 .02
False-positive Errors 24 <.01 .24 .22 14
Inconclusive-guilty .08 .34 .08 .08 .06
Inconclusive-innocent 24 46 .60 .24 .18
Unweighted Accuracy .84 >.99 .70 .86 .90
Unweighted Inconclusives .16 40 .34 .16 12
Positive Predictive Value .79 >.99 .79 .81 .87
Negative Predictive Value >.99 >.99 >.99 >.99 .97
Detection Efficiency Coefficient .87 .78 .86 .88 .90
* Results with the TSR are shown using the traditional numerical cut-scores.
** For comparison with Table 1, these evidentiary decision rules (EDR) results with the TSR are shown using asymmetrical cut-scores using by
Krapohl (2005).

Weighting the EDA scores more than
the other sensor score increased test sensitiv-
ity and specificity and reduced the occurrence
of inconclusive results by 59% for the FZR,
29% for the GTR, and 35% for the SSR. The
reduction of inconclusive results was 59% for
the TSR with traditional cut-scores and 61%
for the TSR using cut-scores that were sug-
gested as optimal for evidentiary exams. The
reduction of inconclusive results was greater
for innocent cases than for guilty cases for all
decision rules.

The GTR provided the greatest overall
classification accuracy, though FN errors were
low for all decision rules. The most obvious ef-
fect from weighting the EDA scores in Table 4,
compared to Table 3, was a reduction of incon-
clusive results, along with increases in both
test sensitivity to deception and specificity to
truth-telling. The reduction of inconclusive re-
sults was greatest for the confirmed innocent
cases. Interestingly, PPV was reduced for all
models except the GTR which produced low-
er FN and FP error rates than other decision
rules. DEC was improved for all decision rules
and was greatest for the TSR with improved
cut-scores. This suggests that the selection of
cut-scores may be an important consideration
in the management and reduction of classifi-
cation errors or inconclusive results.
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Multinomial Cut-Scores

Multinomial Cut-Scores with Weighted
Three-Position Scores

Weighted three-position scores were
evaluated using cut-scores selected from mul-
tinomial reference distributions described by
Nelson (2017). [See Nelson (2018b) for a dis-
cussion of how to use the multinomial refer-
ence distributions.] Multinomial cut-scores for
weighted three-position of event-specific poly-
graphs with three relevant questions, were as
follows: grand total >= +3 for truthful classifi-
cations or <= -3 for deceptive classifications.
Deceptive classifications were made using the
subtotal scores when the grand total score was
inconclusive if any subtotal score <= -7. The
cut-score for subtotal scores was determined
using a statistical correction for multiplicity
effects to avoid the potential inflation of FP er-
rors when using multiple subtotal scores for
deceptive classifications. Results are shown in
Table 5 for the combination of weighted EDA
scores and multinomial cut-scores.
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Table 5. Sample results (n=100) using weighted three-position scores with multinomial cut-

scores.

FZR GTR SSR TSR
Sensitivity (deception) .92 .88 .92 .92
Specificity (truth-telling) .80 .80 .34 .80
False-negative Errors .04 .04 .02 .04
False-positive Errors .08 .06 .24 .08
Inconclusive-guilty .04 .08 .06 .04
Inconclusive-innocent A2 14 42 A2
Unweighted Accuracy .93 .94 .78 .93
Unweighted Inconclusives .08 A1 .24 .08
Positive Predictive Value .92 .94 .79 .92
Negative Predictive Value .95 .95 .94 .95
Detection Efficiency Coefficient .94 .94 .85 .94

Use of multinomial cut-scores fur-
ther improved test sensitivity to deception
for the GTR, and improved test specificity to
truth-telling for the FZR, GTR, SSR and TSR.
Compared to the use of weighted electroder-
mal scores with traditional numerical cut-
scores the multinomial cut-scores produced a
reduction in inconclusive results by 50% for
the FZR, 73% for the GTR, 29% for the SSR
and 33% for the TSR. DECs for the multino-
mial cut-scores were consistently greater than
for the traditional numerical cut-scores.

Not surprisingly, the SSR showed high
sensitivity to deception, though not greater
than any of the other decision rules, along
with weaker specificity to truth-telling and a
higher inconclusive rate that was loaded on
innocent cases. Overall decision accuracy and
DEC for the SSR was lower and inconclusive
rates were higher than for other decision rules
that included the use of the grand total score.
This difference may be attributable to inher-
ent multiplicity when using subtotal scores,
and also to the smaller volume of information
available to support decisions based on indi-
vidual subtotal scores.

Multinomial Cut-Scores with Unweighted
Three-Position Scores

Three-position scores were also eval-
uated using cut-scores obtained from a mul-
tinomial reference distribution for polygraph
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exams with three relevant questions and three
to five charts. Multinomial cut-scores for the
unweighted three-position scores were as fol-
lows: grand-total >= +2 for truthful classifi-
cations or <= -2 for deceptive classifications.
Deceptive classifications were made using the
subtotal scores when the grand-total score was
inconclusive if any subtotal score <= -6. The
cut-score for subtotal scores was determined
using a statistical correction for multiplicity
effects to avoid the potential inflation of FP er-
rors when using multiple subtotal scores for
deceptive classifications. Results are shown in
Table 6 for the combination of weighted EDA
scores and multinomial cut-scores.
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Table 6. Sample results (n=100) using unweighted three-position scores with multinomial cut-

scores.

FZR GTR SSR TSR
Sensitivity (deception) .88 .86 .80 .88
Specificity (truth-telling) .78 .76 .30 .78
False-negative Errors .04 .04 .02 .04
False-positive Errors .04 .04 10 .04
Inconclusive-guilty .08 .10 .18 .08
Inconclusive-innocent .20 .20 .60 .20
Unweighted Accuracy .95 .95 .86 .95
Unweighted Inconclusives 14 15 .39 14
Positive Predictive Value .96 .96 .89 .96
Negative Predictive Value .95 .95 .94 .95
Detection Efficiency Coefficient .91 .90 .79 .91

Use of multinomial cut-scores im-
proved the effectiveness of classifications with
the unweighted three-position scores. Classifi-
cation accuracy with the three-position scores
using multinomial cut-scores was similar to
that of the weighted multinomial model. How-
ever, both sensitivity and specificity were re-
duced slightly for the unweighted three-posi-
tion scores. Compared to the weighted model
the inconclusive rate for unweighted three-po-
sition scores increased by an average of 62%
for all decision rules. The increase in incon-
clusive results was loaded on innocent cas-
es. The unweighted three position scores also
produced fewer false-positive errors. These
differences can appear substantial when de-
scribed as a percentage of change. The SSR
underperformed relative to the other decision
rules, with weaker test specificity and higher
inconclusive results. Overall detection accu-
racy for the multinomial three-position model
was high, though did not equal the effective-
ness of the weighted three-position model.

Summary

This project involved the calculation of
descriptive statistics for test accuracy, error
and inconclusive rates as a function of dif-
ferent decision rules, structural weighting of
sensor scores, and cut-scores. Results show
that a number of procedural and field practice
decision can have an important impact on the
criterion accuracy of polygraph test results.
Although PPV and NPV were consistently high
for most conditions, differences in the rate

Polygraph & Forensic Credibility Assessment , 2018, 47 (2)

117

A

of inconclusive results can be observed and
this can directly affect the power of the test in
terms of test sensitivity, specificity and error
rates.

Results for the three-position scores,
shown in Table 3, were similar for the FZR and
TSR. However, there was a small reduction of
inconclusive results, along with a correspond-
ing increase in test specificity when using the
TSR with cut-scores that were suggested as
more optimal for evidentiary polygraph test-
ing. Weighting the EDA scores, shown in Table
4, more than the other sensor scores increased
test sensitivity and specificity, and reduced
the occurrence of inconclusive results and av-
erage of 49%, compared to results from un-
weighted three-position scores, for all decision
rules. Use of multinomial cut-scores produced
further reductions in the occurrence of incon-
clusive results along with further increases in
DECs for all decision rules.

The combination of weighted EDA
scores and multinomial cut-scores reduced
the occurrence of inconclusive results by an
average of 72% across all decision rules, com-
pared to unweighted three-position scores and
traditional numerical cut-scores. The reduc-
tion in inconclusive results was greatest for
the GTR, which does not make use of subtotal
scores, and for which the rate of inconclusive
results with multinomial cut-scores was clos-
er to that of other decision rules.

Field practitioners have provided an-
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ecdotal information suggesting that their ob-
served rates of inconclusive rates are inconsis-
tent with, and lower than, those in published
studies. This is understandable because field
practitioners, working at the level of individual
cases, may be ethically justified in engaging
in practices intended to resolve or reduce the
occurrence of inconclusive results (e.g., con-
ducting additional repetitions of the question
sequence, or repeating an examination). In
contrast researchers who work with samples
of cases would be vulnerable to suggestions of
manipulating a research outcome if they were
to engage in such actions at level of some,
though not all, individual cases. The result is
that inconclusive rates in field practice may
continue to be lower than those reported in
published studies.

The most effective model in this anal-
ysis — illustrated by sensitivity, specificity, in-
conclusive and DECs in Table 5 — was with the
TSR using weighted EDA using multinomial
cut-scores. Interestingly, accuracies for the
FZR, and TSR were effectively identical for the
weighted three-position scores with multino-
mial cut-scores, suggesting that the selection
of cut-scores may be more important than the
decision rules. Similarity of the DEC for the
GTR, FZR and TSR provide further indication
of this, and suggest that some previously re-
ported conclusions about the GTR may have
been unduly influenced by reliance on tradi-
tional numerical cut-scores that were ineffi-
cient for grand total scores.

This project, like all projects, is not
without some limitations. The most obvious
limitation is the small sample size (N=100).
Though moderately sized for a project of this
type, it is axiomatic that larger sample sizes
are more easily viewed as comfortably ap-
proximating the population. However, sample
size is not the only, or primary, consideration
when attempting to understand the represen-
tativeness of a sample — for which random se-
lection may be more important. This project,
involving an archival sample, is necessarily
precluded from any influence due to sampling
methodology that is not presently expressed
in the sampling data. It is also, necessarily de-
pendent upon assumptions that the sampling
data are in some way informative.

Another important limitation of this
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project is that no tests of statistical signifi-
cance were completed. This was by design, as
it was hoped that a descriptive approach to the
statistical analysis might be of greater prac-
tical value to polygraph field examiners and
program managers who may be more familiar
and conversant with field practice policy deci-
sions than multiple ANOVA. Future research
should include a more complete analysis of
the variance of the related effect sizes for poly-
graph decision rules, structural weighting co-
efficients for sensor scores, and cut-scores.
Also, no statistical confidence intervals were
included in this document, though informed
readers can easily use a number of methods to
calculate the confidence intervals of interest.

This project involved only a field sample
of confirmed criminal investigation (event-spe-
cific) polygraphs and did not include a sam-
ple of multiple issue screening polygraphs. We
suggest that some cautious generalization of
these results is still in order. This is because
of practical and important difference between
event-specific diagnostic polygraphs and
screening polygraphs that involve assump-
tions about the independence of multiple-is-
sue screening questions. These assumptions
are at best convenience assumptions because
they assume independence in that different
test items have no shared source of response
variance — that whatever could influence re-
sponses to each item could have not affected
any other item. As it happens, all polygraph
questions within any examination will always
have some shared source of response variance
— in the form of the attention of the examin-
ee. Both event-specific diagnostic and mul-
tiple-issue screening polygraphs will also be
influenced by statistical multiplicity effects as
determined by the selection of polygraph de-
cision rules. For these reasons, a similar pat-
tern of results can be expected for polygraph
screening exams as is observed with this sam-
ple data.

Astute readers will note that this proj-
ect does not attempt to discuss all possible
methods of reducing inconclusive rates and
improving polygraph test effectiveness. Some
of those other methods may include: inter-
viewing approaches, quality assurance activ-
ities, greater use of automation, use of the va-
somotor sensor, recording additional charts,
clarification of operational definitions, use of
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interview route-maps, refined target selection,
and/or improvements in question formula-
tion. All of these should remain as areas for
continued research and development.

Results from this study point clearly to
the fact that traditional numerical cut-scores
are effective at producing a low FN rate but
are burdened with un-necessarily weak test
specificity to truth-telling and un-necessarily
high rates of inconclusive results. An interest-
ing observation that can be made about these
results is that there was no advantage to the
use of the SSR in terms of increased test sen-
sitivity to deception, when compared to the
other decision rules. The FN rate for the SSR
was equal to that of the other decision rules
for when using traditional cut-scores and was
reduced from that of the TSR and FZR by 50%
(.02 / .04), while the FP rate increased by a
factor of 3 (.24 / .08) for the SSR. The incon-
clusive rate was larger for the SSR than for
the FZR and TSR and was loaded on innocent
cases. As shown in Table 3, the SSR was es-
pecially weak with unweighted three-position
scores and traditional numerical cut-scores.
The practical implication of these observations
is that it may be difficult to justify the use of
the SSR outside of polygraph screening con-
texts, where it some over-prediction may be
desirable or intended — and difficult to justi-
fy the use of the SSR when using unweighted
score and traditional cut-scores.

These results show clearly that optimi-
zation of field practices in each of these ar-
eas — decision rules, weighting of EDA scores
and the selection of cut-scores — can provide
important advantages to many, including
polygraph field examiners, program manag-
ers, courts, legislators, researchers, and poly-
graph examinees. Further exploration is need-
ed to better understand the utility functions
in terms of economic values and operational
costs associated with sensitivity, specificity,
FN and FP errors, and inconclusive results
rates. Greater reliance on statistical measure-
ment theory can permit polygraph programs
to refine their policies to better achieve their
mission objectives and goals.

Inconclusive test results are likely to
persist as a bane to polygraph field examin-
ers, program managers, and others — includ-
ing polygraph examinees. The availability of
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evidence-based procedural solutions that can
reliably reduce the occurrence of inconclusive
test results appears to be worthy of further at-
tention and consideration.
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Practical Polygraph: The Known-Solution Acquaintance Test and
Functionality Check

Raymond Nelson, Rodolfo Prado, Ben Blalock and Mark Handler

Abstract

We discuss the published literature on the effectiveness of the known-solution acquaintance
test (ACQT). Although studies have not supported an effect for the unknown-solution ACQT, the
known-solution ACQT is better supported by scientific evidence. Some important advantages of the
known-solution ACQT is that it does not engage a role-reversal, wherein the examinee is testing the
polygraph test, and does not rely on manipulation or deception as a form of demonstration of the
validity of the polygraph testing. The basic procedures are described for using the known-solution

ACQT.

Introduction

Use of an acquaintance test (ACQT) is
a standard practice for polygraph diagnostic
and screening exams (American Polygraph
Association, 2018; Department of Defense,
2006), and serves as a form of practice-test for
the examinee and as a functionality-check! for
the examiner. Reid (1947) provided an early
description of field practices that were in some
ways like the contemporary ACQT, involving a
card-test as a form of control-test to ascertain
that the examinee can exhibit normal physio-
logical responses to the test questions in the
event of deception. In contemporary usage,
the ACQT is conducted as the first test chart.
However, early use of the card-control test was
after the first iteration of the sequence of poly-
graph test questions and its purported pur-
pose was to demonstrate the polygraph effec-
tiveness to the examinee.

Discussion

Reid and Inbau (1966) described the

card-control test wherein the examinee is in-
structed to pick a card under the false pre-
text that the examiner does not know which
card was chosen. Although Summers (1939)
first described the use of comparative re-
sponse questions, Reid (1947) popularized
the idea and suggested that the inclusion of
control questions in polygraph test question
sequencing represented an advancement in
polygraph field practice methodology over the
card-control test. Reid also suggested that the
card-control test should be conducted as the
first chart. Other publications, such as those
by Kirby (1981), describe continued use of
the standard-card-test, also known as a card-
stim test, after the first iteration of the poly-
graph test questions. Later, Widup and Bar-
land (1994) reported there was no effect for
the classification of deception or truth-telling,
and no effect for inconclusive results, when a
number-stim test was used before or after the
first iteration of the sequence of polygraph test
questions.

Kirby (1981) studied results using the

1 Most modern computerized polygraphs do not require periodic field calibration or periodic factory service, though it may
be important to check with the manufacturer of each individual instrument. The notion of functionality check refers to
whether the recording sensors and software are capturing and recording physiological data in the intended ways. Proper
functionality is easily observed at the time of an examination when observing and recording stimulus events and changes
in sensor activity and can be effectively observed and demonstrated during the administration of an ACQT.
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standard card-test and the known-card-test,
finding no difference in effect sizes for decep-
tive or truthful outcomes. The known-card-test
was also referred to as the known-solution-test
—a form of peak-of-tension test. The known-
solution-test differs from the earlier unknown
card-test in important ways. The most import-
ant difference is that no attempt is made to
conceal the examinee’s selection when using
the known-solution ACQT.

Kirby (1981) also provides insight into
the use of the card-stim test, also referred to
as a stim-test or stimulation-test, including
the emphasis on promoting a perception of
the infallibility of the polygraph instrument.
The standard-card-test at that time was an
unknown-solution ACQT for which each ex-
aminee was required to select the key ques-
tion by selecting a number, card or item. The
premise was that the examinee would conceal
their choice of key question from the examin-
er. The examiner would then conduct the un-
known-solution ACQT and correctly determine
the examinee’s choice and would then proceed
to verbally stimulate the examinee while as-
serting the infallibility of the test.

This older practice of attempting to as-
sert the infallibility of the polygraph appears to
have been premised on an arcane assumption
that the effectiveness, or validity, of the poly-
graph was fundamentally dependent on the
examinee’s belief that the polygraph was flaw-
less. These assumptions may have contribut-
ed to the emergence of field practices wherein
every examinee was informed, regardless of
the outcome, that they had been correctly de-
tected. Other field practices involved the ma-
nipulation of the purportedly unknown-key
question such that the examiner either deter-
mined the examinee’s selection or was fully
informed and knowledgeable about the exam-
inee’s choice prior to the ACQT. Elliott, Egan
& Grubin (2017) provide evidence that it is not
necessary for the examinee to believe the com-
plete infallibility of the polygraph for it to be
effective.

Reliance on manipulation and decep-
tion in the demonstration of polygraph validi-
ty is scientifically questionable. Moreover, re-
liance on manipulation and deception in the
ACQT has been described by psychologists as
ethically questionable (see Lykken, 1981; Note
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2 in Bradley & Janisse, 1981) and potential-
ly problematic in that some examinees may
learn of the use of misinformation and manip-
ulation in the ACQT (Ben-Shakhar & Furedy,
1990; Lykken, 1981). One view of type of test
represents a form of role-reversal — wherein
the examinee is testing the examiner.

Perhaps the most problematic aspect of
any attempt to use the ACQT to demonstrate
the polygraph’s effectiveness to the examin-
ee, is that virtually no well-informed person
today believes the polygraph, or any scientif-
ic test, to be infallible. Yet studies involving
examinees who were knowledgeable or in-
formed about polygraph methodologies (Honts
& Reavy, 2009; Honts & Alloway, 2007; Honts
& Handler, 2015; Nelson, Handler, Blalock &
Hernandez, 2012; Rovner, 1986) have report-
ed effect sizes for test accuracy that are similar
to other studies with more naive examinees.
This complication to the older intended usage
of the ACQT - involving the demonstration or
proof of the infallibility of the polygraph - is
that highly motivated examinees may be likely
to respond with superficial cooperation, and
examiners may be at risk for mistaking this
for authentic or genuine rapport (though most
polygraph examiners would assuredly deny
ever making such an error).

Studies on the ACQT and the use of
feedback are informative but provide some-
what mixed information. Using a card-test,
Ellson, Davis, Saltzman, and Burke (1952)
showed that detection of deception was more
difficult and reduced on subsequent trials
when examinees were informed that deception
had been detected in response to the first tri-
al. Later, Davis (1961) hypothesized that guilty
subjects might become less psychologically
reactive, and therefore less detectable, if they
are convinced that their deception is clearly
indicated. It is also possible that guilty sub-
jects alter their strategies for concealing their
deception after receiving effective feedback.

A subsequent study by Barland and
Raskin (1975), using a comparison question
test format, showed that the manipulation
of feedback, in terms of effective detection of
deception, ineffective detection, and no feed-
back conditions produced an effect for ex-
aminee confidence in the polygraph test but
failed to produce an effect for the classification
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of deception or truth-telling. A later study by
Horowitz, Kircher and Raskin (1986) who also
showed lower rates of deception when exam-
inees were told that their deception had been
identified during a number card-test. These
findings differ from those of later studies that
showed either no effect or desirable effects
from the ACQT using a known-solution ap-
proach.

An important difference between the
unknown-solution ACQT and known-solu-
tion ACQT is that the use of feedback with the
known-solution ACQT does not attempt to as-
sert the infallibility of the polygraph test, but
instead attempts to provide the examinee with
feedback as to the effectiveness of the sensors
at capturing and recording changes in phys-
iology in response test stimuli. A study by
Bradley and Janisse (1981) — in addition to us-
ing an electric shock paradigm that showed no
effect for the type or intensity of consequences
for failing a polygraph test — found high rates
of accuracy for the card control test, leading
them to suggest that providing the actual re-
sults of the card-control test would be an ef-
fective approach that is less scientifically and
ethically and complicated.

Kircher, Packard, Bell and Bernhardt
(2001) studied the effects on the subsequent
outcomes of comparison question tests with
probable and directed lie questions when sub-
jects were first placed in effective-feedback,
ineffective-feedback, and no-feedback condi-
tions using a known-solution ACQT test. Ef-
fective feedback in this usage was limited to
statements about the observance of a physi-
ological response to the test stimuli. The test
structure was a known-solution ACQT for-
mat that was previously described by Podle-
sny and Truslow (1993). However, whereas
Podlesny and Truslow instructed the subjects
to answer truthfully to all questions, Kircher
et. al. (2001), instructed the subjects to an-
swer NO to all questions including the select-
ed number. Horneman and O'Gorman (1985)
previously reported that denial of a selected
card led to increased response and detection
of the correct number-card compared to affir-
mative answers or non-answering. Kircher et
al. reported significant effects for both effec-
tive-feedback and no-feedback and general-
ized the recommendation of Bradley and Ja-
nisse (1981) for the use of effective-feedback
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with the known-solution ACQT.
How to Conduct the ACQT
ACQT Question List

Use of the ACQT begins with the con-
struction of the list of stimulus questions. A
commonly used form of the known-solution
ACQT involves the use of sequence of num-
bers. Table 1 shows an example list of ques-
tions for a known-solution number test, using
the number 4 as the known-key question. The
examinee will be instructed to answer NOto the
known-key question, along with all other ACQT
questions. The example in Table 1 includes
three buffer questions before the known-key
question and three buffer questions after the
key-question. Also, the key-question should
be clearly indicated in the question sequence.
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Table 1. Question list for known-solution ACQT number test.

Question Tag Type Question Answer
X This practice test is about to begin. Please sit still. Look straight ahead. -
Listen carefully, and answer “no” to each question. No other talking, and
do not move during this practice test.
1 Did you write the number 1? No
2 Did you write the number 27? No
3 Did you write the number 37? No
4K Did you write the number 47? No
5 Did you write the number 5? No
6 Did you write the number 67? No
7 Did you write the number 77? No
XX End |This practice test is complete. Please remain still until | release the -
pressure in the cardio cuff.

Table 2 shows another common form
of known-solution ACQT, using the examin-
ee’s surname as the known-key question. The
ACQT surname has been described by field
practitioners as a simple and easy known-solu-
tion ACQT format for which the salience of the
personalized known-key question differs from
the other questions. Other known-solutions

may also exist, including variants that make
use of personal or novel information. Because
there is no ‘scientific magic-sauce’ in the
ACQT topic itself, there is no reason to expect
any difference in the contribution to polygraph
outcomes for different variants of the known
solution ACQT.

Table 2. Question list for known-solution surname ACQT.

Question Tag Type |Question Answer
X This practice test is about to begin. Please sit still. Look straight ahead. -
Listen carefully, and answer “no” to each question. No other talking, and
do not move during this practice test.
1 Is your surname Johnson? No
2 Is your surname Jefferson? No
3 Is your surname Wilson? No
4K Is your surname Nelson? No
5 Is your surname lverson? No
6 Is your surname Stevenson? No
7 Is your surname Mickelson? No
XX End |This practice test is complete. Please remain still until | release the -
pressure in the cardio cuff.
Polygraph & Forensic Credibility Assessment , 2018, 47 (2) 125
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Although some examiners may prefer
to use a shorter list of ACQT questions, with
fewer buffer questions, the use of three buf-
fer questions is recommended because it pro-
vides more opportunity for any instruction or
admonition needed to improve the examinee’s
posture or cooperation prior to the presenta-
tion of the known-key question. Use of three
buffer questions will often ensure that at least
one question was presented without the need
for in-test instruction prior to the known-key
question.

Examiners who use less than three
buffer questions before or after the known key
question will have more limited insight as to
how the examinee will cooperate and respond
during testing. In the same way that shorten-
ing the question interval can reduce the length
of the ACQT, use of fewer ACQT questions may
incorrectly instruct the examinee as to the ex-
pected length or duration of the question se-
quence during the data-collection phase of the
polygraph test.

Many examinees are unaccustomed
to polygraph testing, and may produce what
is termed artifacted, or unstable data at the
onset of testing due to unsatisfactory posture,
cooperation (i.e., excessive movement) or dis-
traction. These examinees may benefit from
additional in-test instruction. It is common for
some examinees to move slightly upon the X
announcement of test onset, and some exam-
iners may instruct the examinee at that time.

Other examinees may move upon an-
swering the first question. This is also an op-
portunity to provide instruction to improve the
examinee’s behavior and cooperation during
test. Another possible problem is that some
examinees may become distracted during the
silent periods between questions. This is also
an opportunity for an examiner to provide in-
formation that helps motivated and truthful
examinees to cooperate successfully.

Use of three buffer questions prior to
and after the known-key question will ensure
that the ACQT is closer in length to the ac-
tual polygraph test question sequence and
will better orient the examinee as to what to
expect during testing. This provides an op-
portunity for examinees to practice sitting
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patiently throughout the testing process and
provides an examiner with more opportunity
to observe the examinee’s posture and cooper-
ation during silent periods in between the test
stimuli. Use of fewer buffer questions provides
less opportunity for practice and observation.
There is little value in the use of short-cut pro-
cedures during the ACQT.

Introduction and Review of the ACQT
Questions

Introduction of the ACQT questions
begins when the examiner informs the exam-
inee that a practice test will be completed, and
then requests the examinee to write a num-
ber (i.e.“4”) in large print in the middle of a
large circle which the examiner has drawn
on a sheet of blank paper. The examiner will
use this activity to orient or sensitize the ex-
aminee’s attention to the number they chose,
in this example 4, and this can sometimes be
done by circling the number 4 several times,
or by asking the examinee to print boldly or
over-print the number one or more times. The
examiner will then, in the presence of the ex-
aminee, write the numbers 1, 2 and 3 before
the number 4, and then proceed to write the
numbers 5, 6 and 7 after the number 4. The
examiner should explain to the examinee that
it is obvious that the examiner has written the
numbers 1, 2, and 3, and the numbers 5, 6,
and 7, while the examinee is the person who
has written the number 4.

When using the surname test, having
the examinee spell the surname, letter by let-
ter, is good practice, as it can help to avoid
spelling and documentation errors and can
also serve to orient or sensitize the examinee’s
attention to the known-key question. Other
variations on the known-solution ACQT may
employ other methods to orient and sensitize
the examinee to the known-key question, in-
cluding simple math questions. Some exam-
iners may choose to display a paper with the
list of question items in front of the examinee
during the ACQT. Others may request the ex-
aminee to fold the paper and sit on it during
the ACQT. These activities are non-critical and
are intended only to contribute to the exam-
inee’s heightened attention and awareness of
the ACQT questions.
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The examiner will explain to the
examinee that during the test, he/she will
be asked if they wrote the number 1, 2
and 3 (i.e., Did you write the number 1?
Did you write the number 2? Did you write
the number 37)2. The examiner should read
each question to the examinee and allow
the examinee to answer. The examinee
will normally answer NO to each ques-
tion, and the examiner will advise that
these answers are known to be truthful
because the examiner, not the examinee,
has written those numbers. The examiner
may explain further that these questions
provide an opportunity for the examiner
to observe normally expected physiologi-
cal responses.

The examiner will then present the
known-key question, (Did you write the num-
ber 4?), along with a clear instruction that the
examinee is to answer NO to this question, in
the same manner as he/she has answered NO
to each of the previous questions. The examin-
er should emphasize that it is already known
that the examinee did in fact write the number
4 and that the required NO answer is incor-
rect. The examiner will further advise that the
purpose of this is simply to observe how the
examinee responds physiologically®. Some ex-
aminees may inquire to clarify that they are
being instructed to lie, and it is acceptable to
refer to the NO answer as a lie if the examinee
does so.

Some examinees will know answering
NOis not actually lying when one is instructed
to answer NO. It is simply an instruction — a
procedure — but not a lie. To avoid potential

complications, it may be useful for the exam-
iner to avoid referring to the requested NO
answer as a lie unless the examinee sponta-
neously refers to it as a lie. Examiners who
maneuver the examinee into referring to the
requested answer as a lie may be at risk for
mistaking superficial cooperation for rapport.

Other examinees may attempt to object
to the idea of telling any lies during any part of
the polygraph process or at any other times —
asserting this to be inconsistent with personal
values or religious beliefs. In these cases, it is
often best to simply advise the examinee that
answering NO in this context is not a lie per se
but is merely an instruction and a procedure,
and that failure to follow the instructions and
procedures may result in not passing the poly-
graph test.

The examiner will complete the review
of the ACQT questions by reading each of re-
maining questions and allowing the examin-
ee to answer. The examiner should advise the
examinee once again that it is already known
that these answers are truthful or correct be-
cause the examiner has written the numbers
5, 6 and 7. The examiner should then advise
the examinee that the purpose of the practice
test is to observe the response when the ex-
aminee answers NO to the questions about
number 4.

Introduction of the ACQT with the sur-
name or other topics is like the use of the ACQT
with numbers. The examinee is instructed to
answer known-key question incorrectly with a
NO answer. Also, it may be necessary to alter
the buffer questions to exclude the known-
key item when using a variation to the num-
ber-test.

2 Another form of these question has also been used, in this manner: “Regarding the number you wrote, was it the number
1? “Was it the number 2? “Was it the number 3?” Although semantically identical this wording has less similarity with
common language usage. A principle of polygraph questions formulation is to use of comfortable and common language
whenever possible to avoid reactions that may result from novelty or confusion from uncommon language usage.

3 It is not advisable to state that the purpose of this exercise is to observe what it looks like or what the examinee’s body
does when lying — because this statement would be obviously factually incorrect. The basic physiological patterns — phasic
change and return to tonicity — is similar for many types of responses. Also, the act of lying to a matter under investigation
is thought to be a distinct phenomenon from answering NO incorrectly when instructed to do so. For these reasons, it is
advisable to limit this statement to one that is simple and factually correct: the purpose of the activity is to observe the

physiological response.
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Best practice is for the examiner to
refrain from taking any shortcuts in the doc-
umentation and preparation of the list of
polygraph test questions. This means that ex-
aminers should always type or write each of
the questions completely, without shorthand,
using correct spelling, punctuation, and use
of capitalization.

After introducing and ascertaining
the examinee’s answer to the first three sur-
name buffer questions, the examiner should
alert the examinee that the next question will
be the correct surname question but that it
is a requirement to answer NO. The examiner
should then ascertain through practice that
the examinee can answer NO to the known-
key question. The examiner can then intro-
duce and ascertain the examinee’s answer to
the remaining buffer questions. The examiner
should then advise the examinee that the pur-
pose of the practice test is to observe the re-
sponse when the examinee answers NO to the
questions about his or her surname.

ACQT Question Interval

It is recommended that the ACQT is
conducted with the same 25 second question
pace interval as the data-collection phase of
the polygraph test. While it may be tempt-
ing for some field practitioners to shorten
the question interval for the ACQT — with the
view that it is un-important or less important
— use of a shorter interval may be problem-
atic for several reasons. For example, use of
a shorter question interval during the ACQT
may deprive the examiner of an opportunity to
fully observe the examinee’s normal posture
and cooperation after each test question and
before the next stimulus is presented. Also,
shorter question intervals may provide insuffi-
cient time for the physiological data to return
to the tonic level before each subsequent test
stimuli. A shortened question interval may
lead some examinees to expect a similarly
short interval during the polygraph data col-
lection phase, leading to unintended cognitive
activity or other reactions for examinees who
notice what appears to them be an unusually
long wait — though it is the normal intended
interval — in between questions during the ac-
tual polygraph test.
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Attachment of Polygraph Recording Sensors

The polygraph recording sensors
should be attached to the examinee following
the review of the ACQT questions. The exam-
iner should briefly remind the examinee about
the purpose or function of each sensor, in
addition to advising the examinee about the
importance of remaining still during testing.
Many polygraph examinees will have an un-
der-developed understanding of how to sit still
during testing. It may be helpful for the ex-
aminer to clearly advise the examinee about
how to remain still including the importance
of keeping one’s feet flat on the floor, allowing
the chair to support one’s posture, and keep-
ing one’s arms on the arm-rest or desk — in
addition to the importance of looking straight
ahead during testing. The examiner should
take notice of those examinees who may bene-
fit from an additional support to stabilize their
feet during testing. Also, it is ideal if the exam-
inee can use the back of the chair to further
support and stabilize his or her head and pos-
ture during testing.

Examinee’s should be advised to keep
their eyes open during testing. This will help
the examinee to avoid falling asleep during
testing and may also help to avoid problems
from increased attention to other physical
sensations when one’s eyes are closed, or
problems related to past issues of trauma for
some examinees. Using a visual focal point or
visual reference point may help some examin-
ees to refrain from looking around or moving
their head during testing.

Although it does not affect the scientif-
ic validity of a test result, polygraph recording
sensors are normally attached in a consistent
sequence, beginning with the lower and upper
respiration sensors. The traditional procedure
is for the examiner to provide simple instruc-
tion to reposition the examinee while attach-
ing the respiration sensors. Some examinees
may experience less social discomfort if they
are instructed as how to attach the sensors
to themselves. The cardio cuff is normally at-
tached to the examinee after the respiration
Sensors.

There is no empirical evidence to sup-
port a requirement that the cardio sensor or
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other sensors must be attached to the right or
left side of the examinee’s body. Subsequent-
ly, there is no evidence regarding the direction
of the cardio tubing. What is most important
is that the cardio sensor and tubing must be
located in a manner in which it will neither be
disturbed by nor distract the examinee during
the testing process. Electrodermal sensors can
be attached to the examinee’s right or left side
as is most convenient for the testing location.
There is no scientific evidence to suggest that
the choice of right or left side has any effect on
polygraph outcomes. Similarly, a fingertip va-
somotor sensor can be attached to either the
right or left hand. There is no basis of evidence
to support requirements for the separation of
recording sensors to different sides. Rules or
constraints on these matters would increase
examiner venerability to criticism with no
known effect on scientific validity of the test
data and test result. Most importantly, high-
ly skilled examiners will be able to attach the
polygraph sensors without placing the exam-
inees in socially awkward and/or physically
uncomfortable positions.

ACQT Recording

After all recording sensors are at-
tached, the examiner will make any necessary
adjustments and then initiate the ACQT re-
cording. The examiner should inform the ex-
aminee that the recording has begun and will
begin to advise the examinee of the need to sit
still. Some examiners will inflate and stabilize
the cardio cuff sensor prior to initiating the
recording. This will generally result in less vi-
sual distortion at the onset of recording. Oth-
er examiners may prefer to start the record-
ing before inflating the cardio cuff. Here the
advantage is that the process of inflating and
stabilizing the cardio cuff is permanently in-
cluded in the recorded data and subsequently
available for visual review.

Additional adjustments may be made
to the data following the onset of recording.
The ACQT itself begins with the announce-
ment of test onset (X) and will proceed through
the ACQT question sequence until the an-
nouncement of test completion (XX). The re-
cording is stopped following the completion of
the ACQT data collection, after which the data
can be dressed or adjusted for optimal visual
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display and then saved to the computer stor-
age device.

If any of the recording sensors are not
functioning normally, or if the examiner is un-
able to stabilize the data to a satisfactory and
usable degree, the examiner should terminate
the recording and then correct the problem.
After the problems are corrected, the recording
can be started again and the ACQT completed.
If an examinee’s physiological data is observed
to be of insufficient quality or stability, an ex-
aminer may elect to forgo polygraph testing or
may wish to consult with the referring agent
before deciding how to proceed.

Examinees who move excessively or
who experience distraction during the ACQT
can be given simple instructions. For example:
“it is important that you stay still during the
test,” or “it is important that you concentrate
and do not get distracted during the test.”
Similarly, problems involving disruptive deep
breathing can be calmly addressed by advis-
ing “it is important that you do not move your
upper body during this practice test.” Instruc-
tions of this type should not be repeated more
than two times.

Effective in-test instruction and skill-
ful management of observed problems during
the ACQT procedure may give the examiner an
opportunity to observe whether the examinee
is capable of and willing to cooperate during
testing. An examiner may choose to abort and
restart the ACQT if it necessary to provide an
examinee with additional information or in-
struction in response to observed problems
with attention, posture or cooperation. It may
also be acceptable for an examiner to continue
the ACQT to completion even after continued
problems are observed after advising the ex-
aminee. Under some conditions an examiner
may elect to repeat the ACQT.

If necessary, the ACQT may be aborted
to address and correct any observed problems
with the functioning of the recording sensors.
It is unproductive to complete the ACQT if the
sensors are not functioning as intended. The
ACQT should be restarted after the problem
is corrected. Correct functionality will be ob-
served in the form of normal physiological
activity in respiration, cardio, electrodermal,
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vasomotor and activity sensors, along with ob-
servable changes in activity in response to the
ACQT stimuli.

Known-Key Question

The known-solution ACQT is not de-
pendent on psychological or situational ma-
nipulation, and for this reason can be viewed
as less ethically and scientifically controver-
sial. The known-solution ACQT permits more
potential for standardization than the un-
known-solution test, including the potential
for the use of the same known-key question,
located in the same position in the ACQT
question sequence, for each examinee. Exam-
iners who are tempted to add variation to the
known-key item or ACQT question sequence
are cautioned against adding variation only to
relieve occasional professional boredom and
are advised to embrace the value of a consis-
tency in the applied use of the ACQT.

Consistency in the administration of
the ACQT will help to avoid errors. Consistent
administration of the ACQT will allow an ex-
aminer to gain more insight about individual
differences in behavior and response at re-
cording onset, attention during silent periods,
response to in-test instructions, and response
to test stimuli both before and following the
known-key question. Although this informa-
tion is unquantified and not subject to objec-
tive analysis, it is a potentially rich source of
information that can assist an examiner to
work effectively with each individual examin-
ee.

Some examinees may answer incor-
rectly in response to the known-key question.
If the examinee does not answer the known-
key question as instructed, the examiner may
terminate the ACQT and advise the examinee
of the error and need to answer as instructed.
It is possible that the examinee forgot instruc-
tions, though it is also possible that some ex-
aminees may choose not to cooperate. In ei-
ther case the examiner may be able to rectify
the problem by re-instructing the examinee
and re-starting the ACQT. Some examiners
may elect to provide the examinee with in-test
instruction regarding the requested answer
and then repeat the known-key question, ei-
ther before presenting the remaining buffer
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questions of before the XX announcement of
test completion. Because this is simply an ac-
quaintance test, there is no known reason why
this should be considered unacceptable.

The known-key question will normally
produce an observable change in physiolog-
ical activity. If no response is observed, the
examiner may elect to repeat the known-key
question at the end of the ACQT sequence,
before the announcement of test completion.
Though repetition is usually un-necessary, it
may be useful to repeat the ACQT under some
circumstances, such as when the examinee
does not cooperate in a satisfactory manner or
when the data are unsatisfactory and can be
improved with some adjustment to the sensor
or instrument. Some examinee’s physiological
responses may be unusable or un-interpreta-
ble. In these cases, a decision to proceed with
testing under the prior knowledge that the
data are unusable or uninterpretable would
not be without some ethical complication.

ACQT Feedback

Common practice is to provide the ex-
aminee with feedback after the completion of
the ACQT. Use of the known-solution ACQT
— which cannot be confused with any form
of parlor-trick — permits a standardized ap-
proach to ACQT feedback. It is reasonable to
inform the examinee that he or she has shown
a response to the known-key question. It is
also reasonable to advise the examinee that he
or she is likely to show a reaction in response
to deception during the actual polygraph test,
and similarly reasonable to advise that there
should be no difficulty if he or she is telling the
truth about the matter under investigation. An
example is shown below:

You showed a reaction
to that question about
(the number 4 / your
name / other ACQT
topic). If you lie during
the polygraph you
are likely to show a
reaction. On the other
hand, there should
be no great difficulty
determining if you are
telling the truth.
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These statements make no claims
about the detection of deception or the mag-
nitude of physiological response. And, empiri-
cal data supports these statements for normal
functioning examinees. Detection of deception
may not be a realistic endeavor with a single
iteration of a question sequence, and the use
of a known-solution ACQT creates a context in
which no actual deception has occurred.

The purpose of the known-solution
ACQT is to allow the examinee to become ac-
customed to the sensors, testing procedure,
need for cooperation, and for the examiner to
ascertain that the instrument and sensors are
functioning as intended. For this reason, it is
neither necessary nor advisable to tell the ex-
aminee that any deception has been detected.
Nor it is advisable to tell the examinee any-
thing about the difference or size of the ob-
served reactions.

It is not advisable to show the ACQT
charts to the examinee, because providing this
information may contribute to a change or in-
crease in the way the examinee attends to his
or her perceptions and awareness of physio-
logical activity and responses during testing.
Examinees who desire to engage in counter-
measures during testing may attempt to mis-
use the information gained if an examiner
shows the test data. This view contrasts with
older practices that sometimes involved show-
ing the ACQT data to the examinee®.

Summary

The ACQT has been used by polygraph
examiners since the early history of the poly-
graph profession, though its use has changed
somewhat over the years. Along with subtle
but important changes in ACQT field practic-
es, some changes have occurred in the termi-
nology used to refer to the ACQT. For exam-
ple, some early practices involved the use of
the ACQT between the first and second test
chart and referred to the ACQT as a stim test

or stimulation test. The term stimulation may
have been thought by some to be problematic,
and the profession has gravitated away from
that term in the form of more comfortable and
general words like acquaintance test or simply
practice test. The method described herein is
highly standardized, and applicable to a wide
range of examinees and testing contexts. It
does not depend on parlor-tricks, manipula-
tion or misinformation, and is consistent with
published scientific evidence on the beneficial
effects of the ACQT on polygraph outcomes.

The known solution ACQT is the only
form of acquaintance test described in avail-
able publications on polygraph field standards
of the U.S. federal government (Department of
Defense, 20006). Considering the available sci-
entific evidence for the known solution ACQT
there is little argument that it is a valuable part
of the test, and little argument for the use of
any unstudied or experimental form of ACQT
in lieu of the evidence-based known-solution
test. It is consistent with published evidence
and applicable to a wide variety of polygraph
screening and diagnostic contexts, including
criminal investigations, public safety appli-
cant screening, employee screening, security
screening, and post-conviction testing. The
known-solution ACQT is highly standardized
and does not rely on psychological or situa-
tional manipulation, or misinformation.

There is much to learn about an exam-
inee from the careful and competent use of a
known-solution ACQT. In addition to ensuring
that the instrument and recording sensors are
functioning as intended, it is an opportunity
to observe the examinee’s posture and coop-
eration during testing, and potentially rectify
any problems before the actual polygraph ex-
amination. Skillful use of the known-solution
ACQT has been shown to increase the effec-
tiveness of the polygraph test. The actual rea-
son for this effect appears to have little to do
proving or demonstrating the effectiveness or
infallibility of the polygraph test and may have

4 The most concerning of all old-school manipulative ACQT practices that the authors are aware of involves the increase of
test sensitivity adjustment at the time of the key-question, resulting in a response that would always be visually impressive
though unrepresentative of the actual change in physiological activity. This practice is not possible with contemporary

computerized polygraph instruments.
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more to do with ensuring that the instrument tunity to practice cooperating with behavioral
and recording sensors are functioning prop- instructions during the polygraph test.
erly and that the examinee has had an oppor-
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Editorial note: This letter to the editor is in response to the manuscript Kalafati & Krapohl (2018). It is
published without edit and with its publication the journal has allowed all sides to have a voice, and
that the matter is now closed.

Developments and recommendations of individual researchers may in some cases extend be-
yond the state of the art and be contrary to the current laws. It is quite appropriate for theoreticians,
as discussions are beneficial for science. However, it is unacceptable for investigative practices and
court proceedings. To be recognized as standard, forensic methods must be tested and implemented.

Keywords: polygraph examination, psychophysiological problem, expert methods, procedural
legislation.

Psychophysiological examination using a polygraph (hereinafter referred to as PPE) for the
purpose of obtaining an opinion of a polygraph examiner (including PPE under Article 80 of the
Criminal Procedure Code of the Russian Federation), polygraph interrogation, or PGI (including a
type of an operational search activity “interrogation” tool, which may be conducted using equipment
without detriment to people’s life or health under Article 6 of Federal Law No. 144-®3 of August 12,
1995, on Operational Search Activities), forensic psychophysiological examination using a polygraph
(hereinafter referred to as FPPE) are different legal forms of simultaneous applied expertise in psy-
chology, physiology, and forensic science?.

While the practice of using a polygraph to fight crime is almost 100 years old, in Russia,
the question of using data provided by a polygraph examiner as evidence in criminal cases remains
open. This was confirmed by the participants of round-table discussion “Problems of Polygraph Use
in Investigation and Prevention of Corruption-Related Offenses” held in January 2015 by the De-
partment of Criminalistics of the Law Faculty of the Lomonosov MSU, the Department of Criminal
Procedure and Criminalistics of the SPbSU, the Department of Criminalistics of the Kutafin Mos-
cow State Law University (MSAL) in association with Non-Profit Partnership “The National Board of
Polygraphologists”.

At the opening, the problem was referred to by:

- LV. Aleksandrov, Head of the Department of Criminalistics of the Law Faculty the Lo-
monosov MSU, Doctor of Law Professor;
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- E.P. Ischenko, Head of the Department of Criminalistics of the Kutafin Moscow State Law
University (MSAL), Doctor of Law, Professor;

- N.A. Sidorova, Deputy Head of the Department of Criminal Procedure and Criminalistics of
the SPbSU, Candidate of Legal Sciences, Assistant Professor.

- Svetoslav Zanev, PhD, Chairman of the Supervisory Board of the Bulgarian Polygraph As-
sociation, Director of the International Association of Polygraph Examiners, spoke about
successful experience of using a polygraph for psychological examinations.

The following speakers elaborated on the topic of the round-table discussion:

- Yu.M. Drobyazka, Director of Non-Profit Partnership “The National Board of Polygrapholo-
gists”;

- S.Yu. Aleskovsky, Professor at the Academy of Economics and Law, President of the Eur-
asian Polygraph Association (The Republic of Kazakhstan, Almaty);

- S.A. Aksenov, Deputy Head of the Classified Information and Material Security Division of
the Department of Competition Policy (the Moscow City Government);

- Ya.V. Komissarova, Assistant Professor of the Department of Criminalistics of the Kutafin
Moscow State Law University (MSAL);

- V.P. Taskaev, Deputy of the State Duma of the Federal Assembly of the Russian Federation;

- V.D. Pristanskov, Assistant Professor of the Department of Criminal Procedure and Crimi-
nalistics of the Law Faculty of the SPbSU.

The participants of the discussion draw attention to a brochure named “Standard Methods of
Forensic Psychophysiological Examination Using a Polygraph™ (hereinafter referred to as the “Meth-
ods”) printed in the publishing office of the Moscow Academy of the Investigative Committee of the
Russian Federation in Autumn 2014. Neither the authors of the Methods, Yu.Il. Kholodny and Yu.K.
Orlov, nor the reviewers are officials of the Russian Investigative Committee of the Academy of the
Investigative Committee. However, the abstracts state that the Methods are intended for students of
postgraduate courses of the Academy of the Investigative Committee and for employees of investiga-
tive departments of the Russian Investigative Committee.

During the round-table discussion, it was suggested to hand over the Methods to the mem-
bers of the Expert Council of Non-Profit Partnership “The National Board of Polygraphologists” for
discussion, which resulted in the following scientific and advisory opinion prepared by the author.

1. The statement that the Methods “are a summary of scientific and applied scientific
researches and practices of application of a polygraph in operational search and investigative
practices accumulated by Russian scientists and experts from 1970 to 2014” (page 5) is not
consistent with the reality.

The contents of the publication reflect its authors’ personal opinion. In fact, one of them,
Yu.I. Kholodny, although familiar with polygraph use, has never conducted polygraph examinations.
The other author, Yu.K. Orlov, is an expert in criminal procedures and forensic examination theory
rather than a polygraph examiner.

The authors of the Methods use terms, concepts and classifications which are either not
present or are deemed obsolete in Russian and international publications known to the reviewers.
For example, on page 11, in paragraph 2.3, they propose an original classification of questions,
wherein “comparison questions” are referred to as “control (comparative) questions”. On page 13, in
paragraph 2.7, the authors describe “control tests” which ensure “control of the method correctness”
of polygraph test administration. Such test does not exist. Accordingly, the statement that “the num-
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ber of control tests must be at least 40% of the relevant tests” (para. 3.7.5, page 21) is meaningless.

The publication does not provide a polygraph chart analysis algorithm. It does not specify
modern methods for examiners to quantify the probability of accuracy of the conclusions based on
the results of an expert assessment of the test results (assess the probability of errors in the con-
clusions).

The list of references contains only 14 names. These include three works on forensic exam-
ination theory and practice in general, the other 11 are written by the Methods authors (one of them
or both), 8 of which are small articles.

2. According to the authors of the Methods, a polygraph is a “medicobiological class”
device (page 8, paragraph 1.7). There is no such class (classification of devices). <...>

3. Provisions of the Methods (pages 16-30) regarding statement of the problems to be
resolved by the polygraph examiner and expert conclusions are not scientifically based, as
they are beyond the state of the art.

Obtaining of forensically significant information always involves working with a physical
media. In case of immaterial traces, forensic scientists inevitably face the so-called psychophysio-
logical problem. It involves answering the question of correlation between mental and physiological
(neurobiological) processes. Currently, the psychophysiological problem is far from being solved even
hypothetically; psychology offers several approaches to its resolution®.

Yu.l. Kholodny attempted to gain an insight into PGI using his own targeted memory testing
theory. According to Yu.l. Kholodny, the results of a polygraph test allow to make a conclusion about
availability of specific information in a person's memory®. He reduces the very complex, underex-
plored process of formation of memory traces to purely physiological processes (also understudied).

Once, a well-known Soviet psychologist, A.N. Leontyev, wrote that it was impossible to reduce
psychological laws down to brain function laws®. Now, several decades later, his postulate remains
true. Correlation between the brain and psyche is of a system rather than linear nature: “it is im-
possible to map any psychic manifestation directly to some physiological processes of the brain in
principle™.

Yu.l. Kholodny’s opinion faced reasoned criticism from experienced polygraph examiners®.
While, admittedly, higher mental functions (such as memory, emotions, thinking process, etc.) play
some part in the formation and development of people’s psychophysiological responses to external
and internal stimuli, it has to be said that memory processes as such are not directly related to the
autonomic nervous system functioning mechanisms the external manifestations of which in the
form of physiological changes (responses) are recorded with a polygraph. “There is a huge distance
between them, and within this distance, there are many things, such as emotions, cognitive pro-
cesses and various purely physiological phenomena, preventing the information stored in a person’s
memory from being constantly and unambiguously reflected in external physiological manifestations
that would allow us to come to any accurate conclusions regarding the availability or presence of
such information™.

By actualizing images stored in the test subject’s memory (including by presentation of stim-
uli, selected and systematized in a certain order) polygraph examiners evaluate the significance,
stability, ratio of responses to the test questions. By using various systems of evaluation of recorded
data, they can determine which stimuli are relevant to the test subject. Depending on the type of
stimuli and the technique used for polygraph testing, polygraph examiners can conclude wheth-
er any responses were detected during examination, that indicate that the test subject bears knowl-
edge about an event (or details thereof).
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Thus, based on the analysis of the detected response, polygraph examiners provide their (ex-
pert) version of the test subject’s knowledge about the event. Having expertise, they can also provide
an opinion on how the test subject may have had obtained this information about the event (the
probability of it being obtained at the time of the event). However, polygraph testing results do not
reveal what information exactly is stored in a person’s memory because memory mechanisms are
understudied at present.

4. Taking into account the principles of Russian criminal proceedings, in modern con-
ditions the use of so-called control questions of a “guilt complex” is unacceptable (page 38,
para. 23 (f)).

“Guilt complex” questions are questions regarding a hypothetical (fictional) event topically
relevant to the crime being investigated. In the mid 20th century, American experts suggested that
using such questions may cause detection of an inadequate response (due to a number of factors)
to the polygraph testing procedure in the test subject (the mere fact of being suspected or accused
of committing illegal actions)°.

Forensic tactics enable practical application of techniques based on delusion of the accused
as to what the investigator truly knows about the actual circumstances. However, these techniques
have nothing to do with the lie on which the “guilt complex” questions are built. Due to the lack of
insight into all memory mechanisms and principles of professional conduct of the expert, such ma-
nipulation and suggestion methods are unacceptable.

5. Some recommendations of the authors of the Methods contradict the provisions of
the current Russian laws. <...>

PS. 1 (published with the article in 2015). In March 2015, the scientific and advisory
opinion signed by the author of the article and the letter about scientific inadequacy of the Methods
signed by V. N. Fedorenko, a famous polygraph expert, received by Non-Profit Partnership “The Na-
tional Board of Polygraphologists” were submitted by V.P. Taskayev, a Deputy of the State Duma of
the Federal Assembly of the Russian Federation, to the Chairman of the Investigative Committee of
the Russian Federation with the following inquiry:

“Have the Standard Methods of Forensic Psychophysiological Examination Using a Polygraph
developed by Yu.l. Kholodny and Yu.K. Orlov been tested or not (if yes, specify the place and dura-
tion)?”

This question is extremely important as forensic theoreticians and practitioners rightly
state: “To be recognized as standard, forensic methods must be tested and implemented”!!. Even the
co-author of the Methods, Yu.K. Orlov, only recently wrote that the reliability of an expert method
must be primarily evaluated on formal grounds: “the trustworthiness of the developer institution,
testing time and organization, the authority that approved and recommended it for use”!?, etc.

According to the response, the brochure by Yu.l. Kholodny and Yu.K. Orlov entitled “Stan-
dard Methods of Forensic Psychophysiological Examination Using a Polygraph” printed in the pub-
lishing office of the Academy of the Investigative Committee of the Russian Federation reflects its
authors’ opinions regarding concepts, theories of and procedures for FPPE:

“The Academy of the Investigative Committee of the Russian Federation provides no evalua-
tion of the method, its advantages or deficiencies compared to other methods, as this falls within the
competence of expert institutions and organizations”. Information and reference publications of the
Academy of the Investigative Committee of the Russian Federation are not distributed among other
departments.

PS. 2 (to the published translation). The Methods of Yu.l. Kholodny and Yu.K. Orlov (de-
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ceased in 2016) have not been tested by the Investigative Committee of the Russian Federation. Cur-
rently, tests and examinations involving the use of a polygraph are conducted by the Investigative
Committee, the 111 Main State Center for Forensic Medical and Criminalistics Expert Examination”
of the Ministry of Defense of the Russian Federation, forensic divisions of internal affairs agencies
of Russia, a number of non-governmental expert institutions using: “Generic Expert Methods of
Psychophysiological Examination Using a Polygraph” (2005) and the Standard Requirements to the
Procedure for Psychophysiological Examinations Using a Polygraph (2008). Scientific research “Pro-
cedure for Commissioning and Conducting Psychophysiological Examinations and Tests Using a
Polygraph in the agencies of the Ministry of Internal Affairs of the Russian Federation” (Komissarova
Ya. V., a co-author) is being completed. It will provide new guidelines for conducting polygraph ex-
aminations by forensic divisions of internal affairs agencies of the Russian Federation.
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Polygraph Questions and Questionable Questions:
Sexual Thoughts and Fantasies
in Post-Conviction Treatment and Supervision
Raymond Nelson'
Abstract

Central to the effectiveness of the polygraph, or any test, are the test stimuli. This paper
argues that the validity of the polygraph test has been established as a test of behavior but not as
a test for thoughts and fantasies independent of behavior. Potential problems in polygraph target
selection and question formulation are discussed in the post-conviction sex offender testing context,
with attention to the capabilities and limitations of the polygraph test. The polygraph does not mea-
sure lies per se, is not a test of mens rea, cannot read minds, and is not a test of intent or intention.
Caution is urged around the unscientific use of the polygraph in attempt to test for unreported sex-
ual thoughts and fantasies that are not expressed in behavior. Questions about sexual thoughts
and fantasies cannot meet the falsifiability requirements of science, and, will reduce the use of the
polygraph from a scientific test to a bogus-pipeline or interrogation prop. Although potentially grat-
ifying for a short time, polygraph questions about sexual thoughts and fantasies not expressed in
behavior may ultimately lead to the devaluing and replacement of the polygraph with other emerging
methods for scientific lie detection and credibility assessment. An argument is made for the use of
behaviorally descriptive test stimuli that will help to ensure that polygraph testing conforms to the
falsifiability requirements of science and comports with the established knowledge-base on the sci-
entific polygraph test.

Questionable Questions Central to the effectiveness of any test

are the test stimuli. Test stimuli during poly-
R1: Have you deliberately con- graph testing take the form of questions, in-
cealed any sexual thoughts or fanta- tended to prompt the examinee to choose be-
sies from your therapist?? tween the options of deception and truth-telling

with a verbal answer: yes or no. According to
R2: Have you deliberately hidden the Model Policy for Post Conviction Sex Of-
any sexual thoughts or fantasies from fender Testing (PCSOT; American Polygraph
your therapist? Association, 2009) and other publications,

1 Raymond Nelson is a psychotherapist, behavior scientist, trainer, and polygraph examiner who has conducted several
thousand polygraph examinations. He has expertise in working with perpetrators and victims of sexual crimes and other
abuse and violence. Mr. Nelson has expertise in statistics and data analysis and is one of the developers of the OSS-
3 scoring algorithm and the Empirical Scoring System. He is a researcher for Lafayette Instrument Company (LIC), a
developer and manufacturer of polygraph and life-science technologies. Mr. Nelson is a past-President of the American
Polygraph Association (APA), currently serving as an elected Director. Mr. Nelson teaches and lectures frequently throughout
the United States and internationally and has published numerous studies and papers on all aspects of the polygraph
testing, including the psychological and physiological basis, test data analysis, faking/countermeasures, interviewing
and question formation and test target selection. Mr. Nelson has been involved in policy development at the local, state,
national and international levels in both polygraph and psychology, and has testified as an expert witness in court cases
in municipal, district, appellate, superior and supreme courts. Mr. Nelson is also the academic director of the International
Polygraph Training Center (IPTC). There are no proprietary or commercial interests and no conflicts of interest associated
with the content of this publication. The views and opinions expressed in this publication are those of the author and not
necessarily those of the APA, LIC or IPTC. Mr. Nelson can be reached at raymond.nelson@gmail.com.

2 These questions were taken verbatim, with the removal of the therapist name, from a case that was discussed in a recent
courtroom proceeding.
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the basic requirements for effective polygraph
relevant questions are that the questions are:
closed, descriptive of the examinee’s behavior-
al involvement in an issue of concern, simple,
direct, and easily understood, time-delimited,
free of assumptions of guilt, free of idiosyn-
cratic jargon and legal terms that are not eas-
ily understood by the examinee and others.
Another requirement is that questions are free
of references to mental state or motivational
terminology except to the extent that memory
or sexual motivation may be the target of the
investigation following an admission of the be-
havior. It is also important that the questions
are structurally and linguistically balanced so
that they require similar attention and effort
to understand. And finally, questions should
be formulated in a manner that does not allow
an examinee to rationalize one’s involvement
in a behavior or truthfulness about involve-
ment in a behavior.

The relevant questions above are ques-
tionable for several reasons. First, they portend
to investigate sexual thoughts and fantasies
that have not manifested in actual behavior
such as masturbation or sexual contact with
another person. Second, they are unbound-
ed in time (i.e., the time-delimitation refers
to one’s entire lifetime of sexual thoughts and
fantasies). Although the time of reference may
have been discussed during the pre-test inter-
view, best practice is that the question clearly
describes both the behavior and time period
of concern. Reliance on pretest explanation is
a form of logic that assumes that the-examin-
ee-knew-what-I-meant-even-though-the-ques-
tion-did-not-articulate-it. Instead, it should be
assumed that all polygraph examinees will be
confused if the questions are not unambigu-
ous.

Some may attempt to argue that the
verbs “concealing” or “hiding” (or any other
synonyms for lies and deception) are the be-
havior that is under investigation with these
questionable questions. This is incorrect. The
problem with this argument is that it would
require that the polygraph can measure or
detect lies per se. It is preferable if polygraph
questions make use of action verbs that de-
scribe observable behavior instead of passive

or unobservable activity.
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Polygraph Does Not Measure Lies Per Se

It is well known that the polygraph test
does not measure lies per se (Nelson, 2014).
All scientific tests, including the polygraph
test, are intended to quantify things that can-
not be subject to deterministic observation or
direct physical measurement. Tests work as a
function of proxy or substitute data sources
for which observable and recordable response
have been shown to have some statistical re-
lationship or correlation, with the phenome-
na of interest, though the test data and test
result are not themselves the phenomena of
interest. Test data enable us to make probabi-
listic inferences to quantify the phenomena of
interest. Probabilistic inferences can be used
to support categorical conclusions.

The polygraph test, like all tests, is ul-
timately a matter of stimulus and response.
The analytic theory of the polygraph test is
that greater changes in physiological/auto-
nomic activity are loaded at different types
of test stimuli (i.e., differential salience of
the stimuli) as a function of deception or
truth-telling in response to the investigation
target stimuli (American Polygraph Associa-
tion, 2011; Horowitz, Kircher, Honts & Raskin,
1997; Kircher & Raskin, 1988; Honts & Peter-
son, 1997; National Research Council, 2003;
Nelson, 2016a; Offe & Offe, 2007; Office of
Technology Assessment, 1983; Raskin, Kirch-
er, Honts & Horowitz, 1988; Senter, Weath-
erman, Krapohl & Horvath, 2010). Tests are
conducted as a simple matter of presenting a
test stimulus and then observing, recording
and quantifying the response.

To increase the precision and effec-
tiveness of test results, tests often use mul-
tiple types of data and multiple iterations or
presentations of the test stimuli. This can be
observed in the polygraph test using multiple
types of recording sensors and multiple repe-
titions of the sequence of test questions. Test
data from several sensors and several itera-
tions of the test stimuli are aggregated togeth-
er using structured procedures — algorithms
— for which the combined data can be mathe-
matically optimized to achieve a greater diag-
nostic correlation or coefficient than the data
from any individual sensor. Tests data are in-
terpreted by comparing the aggregated data to
a reference model that helps us to choose the
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best from different possible conclusions while
optimizing our practical goals in the form of
test sensitivity and specificity, or false-positive
and false-negative error rates.

Ultimately, all test results — including
categorical conclusions — are probability state-
ments®. Scientific tests are expected to quanti-
fy those probabilities as a basis of information
upon which to base a conclusion. The ques-
tionable questions above encourage referring
professionals and others to make the naive
and dangerous assumption that the polygraph
can somehow measure lies. It cannot.

It Is Not Humanly Possible to Report All
Sexual Thoughts and Fantasies

Sexual thoughts and fantasies can oc-
cur rather frequently, with some estimates
suggesting they may occur several times per
day for both males and females*. Notwithstand-
ing the important concerns about whether it is
clinically or therapeutically desirable or neces-
sary, in any evidence-based treatment modal-
ity, to report all sexual thoughts and fantasies
to one’s therapist, we can start by considering
that an individual therapy session is exactly
50 minutes by tradition. A week includes 168
hours or 10,080 minutes.

If a person attempted report all sexu-
al thoughts and fantasies it would usurp the
therapy time and would prevent discussion of
other important therapy issues. Neither the
use of paper-and-pencil reporting procedures
nor technology-based reporting protocols will
rectify the fact that one cannot possibly re-
port all sexual thoughts or fantasies to one’s
therapist. There is simply not enough time. If
it were therapeutically necessary to report all
sexual thoughts or fantasies to one’s thera-

pist, then any progress in sex offense specific
therapy would be impossible. Therapy would
be pointless. The fact that not all reports can
be reviewed in detail serves to illustrate that it
is not therapeutically necessary or desirable
for one to report all sexual thoughts and fan-
tasies in therapy. In reality, some thoughtful
choices will always be made about which sexu-
al thoughts and fantasies to discuss, and what
level of detail to discuss them. Is this not de-
liberate? It is.

Wise clinicians will understand that
over-intrusion into non-deviant sexual
thoughts and fantasies (i.e., those that are
within normal limits) may be counter-thera-
peutic. Equally important, the presence of a
third-party observer in the form of a polygraph
examiner, may impair the therapeutic discus-
sion of sexual thoughts and fantasies. This
type of a delicate and careful discussion must
occur in a safe context so that a therapist can
work to rectify distorted thoughts and feels
about one’s sexual thoughts and fantasies.
Polygraph examiners are concerned primari-
ly with obtaining information and may resort
to the use of psychological manipulation of an
examinee’s thoughts, feelings and perceptions
to accomplish this. This can result in iatro-
genic effects. It would be preferable to investi-
gate only the underreporting of masturbatory
fantasies indicative of sexual deviancy. More-
over, it may be preferable to limit the use of
polygraph testing of sexual deviant masturba-
tion fantasies to examinees who are not pres-
ently engaged in therapeutic work on sexual
thoughts and fantasies.

Some may argue that the verbs “con-
cealed” and “hidden” are the behavioral action
targets of these questions. This is incorrect.
Words such as “concealed” and “hidden” are

3 An anonymous reviewer pointed out that the word “test” is sometimes used more broadly. The author generally agrees.
For example, blood tests such as those for hemoglobin, sodium or potassium are quantifying these things directly, though
these may be measurements. To the extent that blood levels are dynamic and situational, any measurement of these
levels is still an estimate of the actual level based on data from blood sample. Another example: x-rays and ECG are not
actually tests but are procedures for obtaining recorded imaging formation that then requires clinical interpretation from

a knowledgeable expert.

4 A recent self-report survey by Fisher, Moore & Pittinger (2012) placed the median at 19 thoughts per day for men and
10 for women. There was wide ranging variability for both groups, 1 to 388 for male participants and 1 to 140 for female
participants. Other data by Alexander & Fisher (2010) using bogus-pipeline methods found only negligible differences for
males and females, suggesting that self-reported differences are influenced by social factors.
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synonymous with “lying” and “deception” when
used by field polygraphists. Because they do
not refer to behavior with any other action
verbs, these questionable-questions about
“deliberately concealing or hiding any sexu-
al thoughts and fantasies from [one’s] thera-
pist” place the effectiveness of the polygraph
squarely on its ability to measure or detect lies
per se’. If not contingent on the ability to di-
rectly measure or detect lies, these question-
able-questions place the use of the polygraph
test in the unscientific realm of mind reading.

The Polygraph Is Not a Mind Reading Tool

It will be important for all professionals
to remain humbly aware that — for the present
— it is humanly impossible for us to ever know
everything about another person’s sexual
thoughts or fantasies. All scientific test results
are probability statements, including when
probability results are simplified to categorical
results. The purpose of any scientific test is
to quantify some interesting phenomena that
cannot be subject to deterministic observation
or physical measurement. Neither the poly-
graph nor any scientific test can read minds.

Returning to the questionable question
examples above, involving sexual thoughts and
fantasies, we are reminded that words such
as “concealed’ or “hidden” are synonyms for
“lied” or “falsified” and “withheld” and that the
polygraph machine cannot measure or detect
lies per se. We should also be reminded that
the psychological basis of responses to poly-
graph stimuli is thought to involve several pro-
cesses including attention, cognition, emotion,
and behavioral conditioning. Recorded test
data are a combination of physiological prox-
ies that have been shown to vary significantly
in response to different types of test stimuli
as a function of deception and truth-telling in
response to relevant target stimuli.

Interpretation of the practical meaning
of the test data depends on both the sensitivity
and specificity of the proxy signals to decep-

tion and truth-telling, the alpha boundaries at
which differential salience of the test stimuli -
expressed as the loading of greater changes in
physiological activity — will be regarded as sta-
tistically significant, and the prior probabili-
ty of deception and truth-telling. Overarching
any probabilistic and categorical inference of
deception and truth-telling, is the fact that all
probabilistic inferences about deception and
truth-telling are based on mathematical and
statistical combination of data points that are
correlated with the difference between decep-
tion and truth-telling when data are elicited
and recorded using standardized procedures
that conform to the requirements of science.

Recorded test data are themselves nei-
ther truth nor deception. Similarly, recorded
test data are not themselves the behavioral
issue under investigation. And finally, the re-
corded data are not themselves, and cannot be
taken to be, the examinee’s sexual thoughts
and fantasies. All test data are a form proxy
that are correlated with, and so they can be
used to make probabilistic calculations of, the
issue of concern. Our ability to make probabi-
listic calculations is contingent upon our abili-
ty to study the statistical relationship between
the data and the phenomena of interest — in
this case, sexual thoughts and fantasies.

Without the ability to read minds, we
will face a difficult or impossible challenge in
finding some suitable external criterion for
with which to calculate the statistical relation-
ships between the recorded data and one’s ac-
tual sexual thoughts and fantasies (i.e., some
criterion that does not depend on self-report
information that will be subject to the same
underreporting problem as these polygraph
questions). We simply cannot know everything
about a person’s sexual thoughts and fanta-
sies — including when a person is reported as
“passing” polygraph questions about deliber-
ately concealing sexual thoughts and fantasies.

5 Use of the words “concealed” and “hidden” or other similar words such as “withheld” along with other behavioral action
verbs may or may not relieve the assumption here. For example: “Did you masturbate to sexual thoughts of violence any

times that you have concealed from your therapist?”
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Science Requires Falsifiability

Falsifiability means that there is
some conceivable means to determine if the
data and conclusion are incorrect. Neither
thoughts nor fantasies — when these are not
expressed in behavior — can be subject to de-
terministic observation or to direct physical
measurement. Without the ability read minds,
there is no conceivable way to obtain any ex-
tra-polygraphic or independent evidence such
that we could ever know ground-truth. Use
of sexual thoughts and fantasies as a poly-
graph investigation target is unfalsifiable and
therefore unscientific. Use of these question-
able-questions reduces the polygraph from a
scientific test to a bogus-pipeline prop®.

Some types of study are difficult or
prohibitive due to cost or under-developed
study methodologies. Where needed scientific
study it is seen as temporarily prohibitive, sci-
ence allows us to remain open to the potential
scientific value of an idea — until some future
time when scientific study is more likely to oc-
cur. When an idea has not been studied it is
simply regarded as an unstudied hypothesis.
Where evidence has emerged to controvert an
idea — where the evidence shows an idea to be
false — then the idea is referred to as a false
hypothesis. When there is no conceivable way
to obtain any external evidence that is com-
pletely independent of a test result — when the
idea is conceptually unfalsifiable — then the
idea exists outside the realm of science.

To exist in the realm of science poly-
graph target questions must offer some con-
ceivable way of obtaining or locating — even if
not immediately possible — some independent
information to confirm or refute our conclu-

sions as correct or incorrect. Only in this way
can we begin to claim any scientific knowledge
about the potential effectiveness of the poly-
graph test at discriminating truth and decep-
tion. A simple way to ensure that polygraph
questions remain in the realm of science is
to require that polygraph questions describe
a behavior that can conceivably be verified/
falsified as a function of some independent ob-
servable evidence.

With respect to polygraph questions
about sexual thoughts and fantasies, some
will attempt to resolve un-falsifiability problem
with pragmatism, stating that confessions are
enough to support the use of these questions.
Although confessions are sufficient to resolve
questions about individual cases, they are in-
sufficient to answer questions about the sci-
entific validity of the polygraph and the scien-
tific principles of the polygraph. Confessions
are insufficient as a scientific criterion - to
validate the polygraph — because confessions
are not independent of the polygraph if they
are obtained in response to actions that are
prompted by the polygraph result. We have
observed, in some polygraph research, what
appears in hindsight to have been the sys-
tematic exclusion of unconfirmed error cases
(both false-positive and false-negative errors)
because erroneous polygraph results will be
much less likely to result in confirmation’.
Datasets of confession confirmed cases have
produced accuracy estimates that are so close
to perfection that they cannot be viewed as
representative of the kind of test accuracy and
effectiveness to expect from real-world situa-
tions that may undoubtedly include uncon-
firmed errors.

Polygraph questions about sexual

6 Jones & Sigall (1971) showed that false information could be reduced in self-report surveys — initially involving racial
prejudice — through the use of a fake lie-detector (i.e., a bogus pipeline) because people tend to reduce false answers to
avoid incongruity when they believe their answer will be judged by a machine. Whereas bogus-pipeline research is subject
to some ethical considerations or controversy because of its reliance on deception with the research participants, it is not
regarded as unscientific because no actual attributions or expectations of test effectiveness are made about the bogus-
pipeline results.

7 False-positive errors will not be discovered without the correct identification of a true-positive and this is not always
possible. The result, when not all false-positive errors can be identified and included in a dataset, is a study sample that
is non-representative and underestimates the proportion of true-positive errors. Similarly, false-negative error cases may
be systematically excluded from research datasets, without additional evidence, unless an examinee notifies an examiner
after producing a false-negative error. It is easy to imagine that some examinees will not be motivated additional to provide
this information after such an error has occurred.
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thoughts and fantasies — independent of be-
havior — cannot be falsified through infor-
mation that is completely independent of the
polygraph. Verification of thoughts and fanta-
sies that do not manifest in actual behavior
will depend on additional information from the
examinee, and the examinee’s willingness to
reveal information is a function of the poly-
graph (it is a practical goal of polygraph testing
to motivate examinees to disclose information
before and after a polygraph)®. It is therefore
unscientific to attempt to use the polygraph
as a test of one’s sexual thoughts and fantasies
when these are not expressed in behavior. Be-
cause they are un-falsifiable, polygraph ques-
tions about sexual thoughts and fantasies are
indicative of the use of the polygraph as a bo-
gus-pipeline or as an interrogation prop. Any
reliance on the test results from polygraph
questions about deliberately concealing sexual
thoughts and fantasies from one’s therapist is
outside the realm of science.

Concealment and Hiding in the Polygraph
Context Are Inherently Deliberate Actions

During the polygraph pretest inter-
view, polygraph examinees are fully informed
of the target issues under investigation, and
they are advised to report and discuss any
information related to the target issues. Any
information that remains concealed or hid-
den through some non-deliberate action could
only exist through some mechanism involving
the complete and total psychological repres-
sion of information beyond any conscious rec-
ollection®. Although highly unlikely, complete
and total repression would be expected to
mitigate any deceptive responses to relevant
target stimuli. Use of the term “deliberate” is
therefore redundant and un-necessary. If not

redundant and un-necessary, this use of the
term “deliberate” would seem to endorse the
notion that polygraph can somehow test for
information that has been subject to complete
and total repression — such that it would be
non-deliberately concealed or hidden. At this
time the polygraph has not been validated as
capable of testing and uncovering repressed
memories, nor would there be any reason to
expect to provide this capability.

All the issues surrounding the use of
the term “deliberate” will also apply to synon-
ymous terms such as “intentionally,” “willful-
ly,” “knowingly,” or “consciously,” and other
terms. The only way to proceed with the notion
that polygraph testing can somehow quantify
or discriminate “deliberate concealment’ from
either “truth” or “non-deliberate concealment’
is if the polygraph can read minds. It cannot?°.

Polygraph Is Not a Test of Mens Rea

There are additional problems with
these questionable questions when consider-
ing whether we want to endorse the use of the
polygraph as a test of mens rea (i.e., the degree
of culpability). Mens rea — the degree of culpa-
bility for one’s behavior — is a legal consider-
ation that is ultimately decided by the courts
(Martin, 2003). Polygraph is concerned only
with determining the truth about behavior —
what the examinee has or has not done. Use of
the polygraph as a test for mens rea would re-
quire that we endorse the notion that a person
could conceal or hide information for non-de-
liberate reasons, for which they are neither
culpable nor responsible for the choice to do
so. The polygraph test is neither intended to
be nor capable of being a test of mens rea or
culpability. Instead, polygraph examiners have

8 To the extent that past masturbation behaviors present substantial practical barriers to falsification and may be subject
to this same concern. However, falsifiability does not imply that we can immediately or easily falsify or verify every case
incident. It implies only that some conceivable means exists to develop independent information. The author therefore

does not view masturbation questions as unfalsifiable.

9 Repression of psychological information beyond consciousness is a topic that has been subject to some reworking of
professional viewpoints in response to emerging research information (Rofé, 2008).

10 Inclusion of the term “deliberate” or its synonyms may have one other potential use. It can serve as a posttest
interrogation wedge for examinees who show statistically significant reactions to relevant test stimuli, and who may have
additional information to disclose. In this case, the word “deliberate” or its synonyms, though not necessary to support
the logic of the test question, may serve to soften the entry into the posttest interrogation by pretending socially that the
concealment or hiding of information may have been un-intentional or non-deliberate.
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historically taken a pragmatic approach which
holds that careful review and discussion of the
target issues under investigation are enough
to ensure conscious awareness, and deliber-
ate choice, as to deception and truth-telling in
response to relevant target stimuli.

Suggested Questions

To improve the effectiveness of PCSOT
examinations, The American Polygraph Asso-
ciation (2009) Model Policy for PCSOT includes
suggested targets for different types of PCSOT
examinations, including Maintenance Exams,
section 8.4.2.3, which address compliance
with the requirements of sex offense specific
treatment and supervision programs. Section
8.4.2.3 does not include sexual thoughts or
fantasies — which would include both deviant
and non-deviant thoughts and fantasies — as a
recommended target issue for PCSOT Mainte-
nance Exams. Recommended target issues in
section 8.4.2.3 do include behavioral mastur-
bation to deviant fantasies.

If professionals wish to use the poly-
graph to investigate issues of sexual deviancy,
and if the polygraph is more than simply an
interrogation prop, then the following ques-
tions are more consistent with the use of the
polygraph as scientific test of deception or
credibility.

R1: During the past three months
have you masturbated to any thoughts
or fantasies of violence?

R2: During the past three months
have you masturbated to any thoughts
or fantasies of prepubescent children?

Because of the large potential for dif-
ferences in personal value judgments around
the appropriateness or inappropriateness of
different types of sexual behavior, the notion
of deviancy in this context will be most useful
if it is restricted to sexual acts involving un-
derage persons who cannot legally consent to
sexual activity, and sexual acts involving vio-
lent/non-consensual sexual acts with persons
who do not wish to consent to sexual activities.

148

A

These suggested questions better illustrate the
ongoing presence or absence of observable be-
havioral problems involving sexual deviancy.
These suggested questions are time-delimited
to a shorter period, making their interpreta-
tion and use more straightforward towards
attempting to determine the presence or per-
sistence of sexual deviancy among convicted
sex offenders whose offenses already indicate
problems with sexual deviancy. These suggest
questions are sufficiently behaviorally descrip-
tive that there are conceivable ways to obtain
extra-polygraph evidence — completely un-in-
fluenced by the polygraph results — to study
the test effectiveness at determining involve-
ment or non-involvement in the behavior.

Both masturbation and sexual fanta-
sies are somewhat awkward and difficult dis-
cussion topics in therapy and in the polygraph
test. It is tempting for people to communicate
in slang terms that may or may not be correct-
ly understood, and for which there is a corre-
sponding tendency to engage in incompletely
detailed discussion of sexual behaviors. There
is also some potential for shame and judgment
when discussing sexual fantasy and mastur-
bation. The result of these complication is that
there is a large potential for confusion when
discussing these topics. To improve the clari-
ty and usefulness of information from discus-
sions about masturbation, sexual fantasies,
and range of other sexual matters, Section 6
of the American Polygraph Association (2009)
Model Policy for PCSOT provides operational
definitions (i.e., behaviorally descriptive defi-
nitions) that attempt to answer the practical
question: what does it look like when someone
does that? Items N. and O. of Section 6 regard-
ing sexual fantasy and masturbation are fol-
lowing:

N. Sexual fantasy/erotic fantasy:
refers to a deliberate thought or pat-
terns of thoughts, often in the form of
mental imagery, with the goal of cre-
ating or enhancing sexual arousal or
sexual feelings. Sexual fantasy can be
a developed or spontaneous story, or a
quick mental flash of sexual imagery,
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and may be voluntary or intrusive/in-
voluntary.!!

O. Masturbation: refers to sex-
ual stimulation of one's genitals, of-
ten, though not always, to the point
of orgasm. Stimulation can be over
or under clothing, either manually or
through other types of bodily contact,
through the use of objects or devic-
es, or through a combination of these
methods. Although masturbation with
a partner is not uncommon, masturba-
tion for the purpose of this Model Poli-
cy refers to self-masturbation.

Sexual Deviancy in PCSOT

Sexual deviancy has been associat-
ed with increased risk for sexual recidivism
(Hanson & Bussiere, 1998; Hanson & Harris,
1998; Hanson & Morton-Bourgon, 2005). The
simplest form of information that can be in-
dicative of sexual deviance may be self-report,
such as when one discloses the details of one’s
deviant sexual behavior to a therapist. A lim-
itation to the value of self-report information
is that unlawful sexual behavior is not syn-
onymous with sexual deviancy. Another lim-
itation is that social stigma, personal shame,
and potential legal consequences may inhibit
self-reporting. Because self-reported informa-
tion is often incomplete, an absence of self-re-
ported sexual deviancy does not automatically
indicate an absence of sexual deviancy. It is
for this reason that professionals have sought
to develop ways to test for sexual deviancy.

Phallometric testing (Freund, 1991)!2,
in which sensors record changes in penile
tumescence or circumference in response to
various types of sexually themed stimuli, has
been used to evaluate sexual deviancy. These
tests use sexual arousal to deviant stimuli as
an operational, observable, and recordable

proxy for the broader construct of sexual de-
viancy. Phallometric results have been cor-
related with increased sexual recidivism risk
(Hanson & Bussiere, 1998; Hanson & Mor-
ton-Bourgon, 2005). However, significant find-
ings only involve stimuli involving children.
Phallometric indices for stimuli involving sex-
ual violence are not significant. Also, Hanson
& Harris (1998) found that phallometric differ-
ences were not significant for sexual recidivists
and non-recidivists as a dynamic indicator of
risk, suggesting that pre-treatment phallome-
tric assessment may be more diagnostic than
post-treatment assessment.

Phallometric testing has known lim-
itations including imperfect test sensitivity
and specificity and potential vulnerabilities
to some forms of faking (Freund, 1963; Fre-
und, Watson & Rienzo, 1988, 1991; Laws &
Holmen, 1988; Rubin & Henson, 1975; Wil-
son, 1998). The limitations of sexual devian-
cy information towards recidivism risk esti-
mation are illustrated by the fact that while
phallometric indices for pedophilia have been
found to be correlated with recidivism, phal-
lometric indices for rape and violence indices
have not been significant. It is also important
to recognize that while blood flow to the penis
may be a useable proxy for sexual arousal, it
is not synonymous with sexual arousal. Penile
arousal can occur for a variety of reasons in-
cluding sexual ideation, tactile stimulation of
genitalia, parasympathetic withdrawal during
sleep or deep relaxation and other causes.
Young males have been known to experience
seemingly spontaneous penile erections in re-
sponse to wide ranging stimuli. For this rea-
son, phallometric testing of juveniles is gener-
ally not recommended (Clift, Rajlic & Gretton,
2009). An additional limitation to phallometric
testing is that it is somewhat invasive.

11 An anonymous reviewer pointed out that this definition is internally inconsistent because it first defines sexual
fantasies as deliberate and then explained that they may occur involuntarily, and defines sexual fantasies as directed to
the goal of arousal while unbidden sexual fantasies triggered by an unexpected external stimulus may have no intended

goal.

12 Phallometric testing of sexual arousal was developed in post-war Czechoslovakia (now peacefully separated into
the Czech Republic and Slovakia since 1993) after the failure of psychoanalytic methods and unstructured professional
judgment at discriminating homosexuality from heterosexuality among young adults who may have been claiming to be
homosexual to avoid conscription. Kurt Freund later escaped to Canada and continued working on phallometric testing as

an assessment instrument for convicted sex offenders.
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Sexual interest, in which visual reac-
tions are recorded measured in response to
stimuli representing various sexual themes,
has also been suggested as a measurable proxy
for sexual deviancy (Abel, Huffman, Warberg &
Holland, 1998; Abel, Jordan, Hand, Holland
& Phipps, 2001; Gray & Plaud, 2005; Harris,
Rice, Quinsey & Chaplin, 1996; Letourneau,
2002) among child molesters. Efforts to dis-
criminate violent sex offenders have been less
successful. Also, not all convicted sex offend-
ers will have deviant sexual arousal, interest or
preferences, and some non-offending persons
may have some deviant interest or preference
that is no expressed in abusive or unlawful
behaviors. Deviant sexual arousal, interest or
preferences is itself insufficient to predict sex
offender recidivism but can be used together
with other data points to construct structured
and actuarial risk prediction measures that
have been found to discriminate recidivists
from non-recidivists. Finally, and in general,
the identification of sexual deviancy may con-
tribute to increased risk estimates for sexual
recidivism, but the absence of information on
sexual deviancy does not equate directly with
low risk.

Polygraph questions about sexual de-
viancy have also been suggested as a proxy
for sexual deviancy (Odum, Busby & Nelson,
2016), though these authors also note that
the use of the polygraph to test fantasies not
connected with behavior is outside the scope
of existing polygraph studies. Nelson (2016b)
also cautioned that testing of fantasies not
connected with behavior is outside the scope
of presently established practice recommen-
dation of the American Polygraph Association.
There is presently no published literature de-
scribing the use or effectiveness of polygraph-
ic information as an indicator of sexual de-
viancy or sexual recidivism risk. Polygraph
is a test of credibility, referred to as a lie-de-
tector as a matter of convenience, for which
test results are a probabilistic measurement
intended to support a categorical conclusion
(Nelson, 2014; 2015). It is unknown whether
the developers of structured and actuarial sex
offense recidivism measures (Boer, Hart, Kro-
pp & Webster, 1997; Duwe & Freske, 2012;
Epperson et. al., 2005; Epperson Kaul & Gold-
man, 2003; Harris et al.,, 2003; Hanson, 1997;
Hanson & Harris, 2000; Hanson, Harris, Scott
& Helmus, 2007; Hanson & Thornton, 1999;
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2000; 2003; Quinsey, Harris, Rice, & Cormier,
2006; Rice & Harris, 1997) would support the
unstudied drop-in use of polygraphic informa-
tion as a proxy for other information indica-
tive of sexual deviancy and sexual recidivism.
What is known is that none of the presently
available structured or actuarial risk mea-
sures includes polygraphic information as a
content item.

Information from the polygraph is used
for its clinical value. Although highly useful
in the investigation context, clinical and ac-
tuarial clinical use of information obtained
through coercion may, for ethical and ther-
apeutic reasons, be more circumspect. Meta
analytic research has begun to reveal that
while voluntary participation in treatment
produces significant desirable effects regard-
less of the setting, coerced treatment has been
found to be ineffective, particularly in custo-
dial settings (Parhar, Wormith, Derkzen & Be-
auregard, 2008). Discussion and debate exist
in the clinical literature regarding the use of
coercion and the importance of maintaining
and adhering to clinical ethics (Glaser, 2010;
Prescott & Levinson, 2010; Ward, 2010). Al-
though self-reported information is known to
be incomplete, information obtained through
non-manipulative interviewing and testing
methods can be assumed to be less problem-
atic in terms of its authenticity, and clinical
and actuarial value.

Clinicians who wish to remain with-
in the bounds of evidence-based practice will
want to ensure that the information used for
assessment and treatment is obtained through
activities that comport with clinical and ther-
apeutic values for humane and ethical treat-
ment of mental health patients. Professionals
who use the polygraph to develop self-report
or testing information on sexual deviancy can
ensure the integrity and usability of the re-
sulting information by using interviewing and
testing methods that do not rely upon psycho-
logical manipulation and distorted cognitions
to obtain information. Although perhaps use-
ful in other contexts, information that is ob-
tained through high-pressure interactions or
psychological manipulation may be regarded
as insufficient as a basis for clinical work or
diagnostic conclusions about sexual deviancy
and may serve to interfere with the therapeutic
alliance for which emerging evidence suggests
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plays a role in recidivism risk (Blasko & Jeglic,
2016). Regardless of how information about
sexual deviancy is obtained, it is important to
remember that DSM-V (American Psychiatric
Association, 2013) differentiates paraphilias,
which require no psychological or psychiat-
ric treatment, and paraphilic disorders which
cause social or psychological or distress and
therefore require treatment.

Summary

Polygraph questions about deliberately
concealing any sexual thoughts and fantasies
from one’s therapist are questionable for sev-
eral reasons. These questions are without a
specified time of reference and appear to refer
to a person’s entire lifetime. Without reference
to the behavioral expression of one’s sexual
thoughts or fantasies, these questions are un-
falsifiable and are therefore outside the realm
of science, scientific testing, and the scientif-
ic use of the polygraph test. These questions
rest on a series of troublesome notions about
the polygraph test, beginning with the notion
that the polygraph can discriminate deliberate
from non-deliberate concealment of informa-
tion. Other troublesome implications are that
the polygraph can function as a mind-read-
ing device, or that the polygraph can serve
as a test of mens rea, or that the polygraph
can measure or detect lies per se. All of these
are inconsistent with reality and inconsistent
with scientific polygraph and credibility as-
sessment testing. Use of these questionable
questions depends on rationalizations that
compromise the integrity of scientific poly-
graph testing. Equally important, information
from polygraph tests of one’s sexual thoughts
or fantasies is of questionable therapeutic and
diagnostic value. Finally, these questionable
questions also fail to meet the basic require-
ments for relevant questions, as described
in published field practice policies within the
polygraph profession.

Use of the word “deliberate” introduces

the dubious implication that one can conceal
information non-deliberately, and in doing
so produce non-deceptive polygraph results
through some mechanism of complete and to-
tal psychological repression of the sought-af-
ter information (i.e., outside of any conscious
awareness). For both practical and linguistic
purposes, use of the word “deliberate” is re-
dundant. Though its inclusion may be asso-
ciated with the use of the polygraph as an in-
terrogation tool, to stage the introduction of
a post test interrogation, it adds nothing to
the logic or information value of the stimuli.
Equally concerning, there may be some who
might enjoy it if we were to endorse the notion
that one may be regarded as truthful if others
can be convinced that one has conceal infor-
mation only non-deliberately through some
process involving psychological repression.

Can one completely repress infor-
mation, beyond any conscious awareness,
about sexual thoughts or fantasies? Can the
polygraph test for deception and truth-telling
around repressed information? Is it possible
to be deceptive or truthful about one’s sexu-
al thoughts and fantasies if they are not ex-
pressed in behavior? Can statements about
sexual thoughts or fantasies, not expressed in
behavior, be epistemologically true or false?
More simply, what kinds of things can be
true? And is it possible to account for one’s re-
porting or concealment of sexual thoughts and
feelings using a polygraph test? Accounting
for one’s thoughts is a tricky proposition both
philosophically and scientifically. As an exam-
ple, consider the following statement: “I did not
have a thought about a yellow Volkswagen.”
Or: “Don’t think about a yellow Volkswagen.”
Merely reading, thinking, hearing or stating
the sentence involves a thought about a yellow
Volkswagen (i.e., the recursive thought about
not having thoughts about a yellow Volkswa-
gen)'®. With this awareness, it will be import-
ant to carefully consider whether we attempt
to endorse the notion that the completeness
of one’s reporting of sexual thoughts and fan-
tasies can be accounted for as deceptive or

13 This is a variant of the white bear problem from ironic process theory. The names stem from the fact that it was first
described by Fyodor Dostoyevsky in a publication from 1863 (Winter Notes on Summer Impressions). Ironic process theory
holds that deliberate attempts to suppress certain thoughts will make them more likely to surface. Another variation of
this theory is a game for children, the white bear story, whereby we tell children to think of a white bear and hold up their
hands, and then put their hands down only when they stop thinking about a white bear.
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truthful via polygraph testing. As a practi-
cal matter, statements and questions about
physical phenomena (i.e., physical things and
physical events) are more readily falsifiable
and more easily conform to intuitively useful
notions about truth and deception. Polygraph
questions about behavior will also provide
clearer intuitive and practical meaning for sex
offense specific treatment providers and risk
evaluators.

Polygraph questions about sexual
thoughts and fantasies — not connected with
any behavior — will fail to serve the needs of
sex offender treatment and supervision pro-
gram if they are not connected with behav-
ior, are un-constrained as to sexual deviancy,
unbounded as to the period of the examinee’s
lifetime, and unrelated to sex offense recidi-
vism risk. These questionable questions are so
broad and un-bounded that it would be im-
possible for a person to ever completely report
a lifetime of sexual thoughts and fantasies to
a therapist. Some thoughtful choices must me
made about what to report and what not to
report. The notion that a person could fully
report all of one’s sexual thoughts and fanta-
sies, or that any professional could ever fully
know all of an examinee’s sexual thoughts and
fantasies, is not merely unscientific — it cross-
es the boundary into magical thinking. These
questions serve only to reduce both the poly-
graph and sex offender treatment processes to
attempted mind reading. They denigrate the
treatment and supervision process to a count-
er-therapeutic shell-game that may ultimately
undermine the therapeutic alliance and trust
towards professionals whose objectives are to
help convicted sex offenders learning to live
safer and health lives.

One of the most important aspects
of effective relevant questions is the require-
ment that they are descriptive of the examin-
ee’s possible involvement in a behaviorally for
which the examinee will know the truth about
his or her involvement. This requirement for
behaviorally descriptive questions ensures
that the relevant questions are falsifiable. Fal-
sifiability means that there is some conceiv-
able extra-polygraphic or independent means
(i.e., for which it is inconceivable that that the
other information could in any way be influ-
enced by the test result) to determine if the
data and conclusion are correct or incorrect.
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Falsifiability does not require that we immedi-
ately have access to the independent informa-
tion; it means only that some conceivable way
exists to obtain such information. Questions
about sexual thoughts and fantasies — not
connected with any behavior — are unfalsifi-
able because we cannot read a person’s mind.
A requirement for falsifiability ensures that
the polygraph is used within the boundaries
of science, and a requirement for behavior-
ally description questions will help to ensure
that polygraph questions are likely to provide
useful interpretable meaning regardless of
whether the answer is deceptive or truthful.
Questions about deliberately concealing any
sexual thoughts and fantasies, independent of
behavior, are associated with the use of the
polygraph as a bogus-pipeline or interrogation
tool instead of as a scientific test.

Questions about deliberately conceal-
ing sexual thoughts and fantasies cannot pro-
vide useable intuitive meaning because it can
be assumed that many people will not fully
report all their sexual thoughts and fantasies
during any unbounded time period. In other
words, if we attempt to interpret test results
as categorically negative for the presence of
deliberately concealed sexual thoughts and
fantasies, then it cannot be reasonable as-
sumed when a person has reported all sexual
thoughts or fantasies. Truthful polygraph test
results, concerning questions about deliberate
concealing of sexual thoughts and fantasies,
are meaningless. It would be clinically unwise
and naive for any therapist to ever assume
that a convicted sex offender has reported all
sexual thoughts and fantasies, or that we can
somehow know everything in this area. All
persons in sex offense specific treatment can
be expected to make thoughtful and deliberate
choices as which sexual thoughts and fanta-
sies to discuss and which not to discuss. There
will be additional deliberate choices about how
to discuss and view those sexual thoughts and
fantasies that are selected for discussion.
Wise and experienced mental health profes-
sionals and sex offense specific treatment pro-
viders will always remain aware that we can-
not humanly know everything about another
persons’ sexual thoughts and fantasies.

Fortunately, it is not clinically or ther-
apeutically necessary, or desirable, for a per-

son to report all sexual thoughts and fantasies.

Polygraph & Forensic Credibility Assessment , 2018, 47 (2)



Polygraph Questions and Questionable Questions: Sexual Thoughts and Fantasies in PCSOT

All that is necessary is for a clinician and risk
evaluator to obtain enough information to de-
termine the presence, or reasonably confirm
the absence, of problems involving sexual de-
viancy. Once identified, it is doubtful whether
things like sexual deviancy, paraphilias and
paraphilic disorders can ever be completely re-
moved or eliminated. A more likely therapeutic
objective is to manage and reduce the level of
problems and distress that these may cause.

In contrast, polygraph questions about
recent or ongoing masturbation to deviant sex-
ual thoughts and fantasies (i.e., masturbation
to sexual thoughts and fantasies involving vi-
olence or prepubescent children) can provide
clearer intuitive meaning when a polygraph test
result is indicative of deception or truth-tell-
ing. These questions provide some conceivable
means of falsification. From a clinical perspec-
tive, ongoing masturbation to deviant sexual
thoughts and fantasies may be an indicator
of continued reinforcement of a propensity for
other sexually deviant behavior or may indi-
cate either inability or unwillingness to curtail
and reduce these behaviors. A requirement for
falsifiable behaviorally-descriptive questions
will help to prevent the attempted use of the
polygraph as a pseudoscientific mind-reading
or fortune-telling device.

Presently, there is no published scien-
tific information suggesting that sexual devi-
ancy or dangerousness can be measured as a
function of proxy data in the form of polygraph
results to questions about deliberately con-
cealing any sexual thoughts or fantasies. How-
ever, self-reported information about deviant
sexual thoughts or fantasies may be used in
risk assessment. Information that is coerced
or manipulated may be of far less therapeutic
and forensic value. Polygraph results — if the
test results themselves are ever to be viewed
as useful (i.e., not useless) — should address
issues of sexual deviancy that are expressed
in behavior such as masturbation, illegal
forms of pornography (child pornography, re-
venge pornography, voyeuristic pornography,
etc.) or unlawful/abusive behavior.

The polygraph test, like all tests, is ul-
timately a matter of stimulus and response.
The test is conducted by presenting the test
stimuli and then observing, recording and
quantifying the response. Tests work as a
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function of proxy or substitute data sources
for which observable and recordable response
have been shown to have some statistical re-
lationship or correlation, with the phenomena
of interest, though the test data are not them-
selves the phenomena of interest. Studying
and defining the proxy relationship requires
that there is some criterion, known with rea-
sonable certainty, with which we can calcu-
late the relationship between the recorded
data and the criterion. In the case of sexual
thoughts and fantasies no suitable criterion
exists when these thoughts and fantasies are
not expressed in behavior.

Finally, it should be remembered that
this paper is a position paper that is not based
on empirical study. The author reminds the
reader that the acceptance of any field prac-
tice without evidence may be a hazardous and
surprising adventure. Surely there will much
more that can be learned when time and re-
sources are made available to address these
interesting and important discussions with
actual data analysis. Until then, the author
invites alternative viewpoints and cautions
that best practices will restrain the use to the
polygraph to within the scope of questions and
targets issues for which our present existing
knowledge base is extensible and generaliz-
able.
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Multinomial Reference Distributions for

Three-Position Scores of Comparison Question Polygraph Examinations

Raymond Nelson

Abstract

Multinomial theoretical reference distributions, calculated under the analytic theory of the
comparison question test (CQT), are shown for three-position numerical scores for three to five rep-
etitions of test question sequences that include two to four relevant questions. Multinomial refer-
ence distributions were previously published for the Empirical Scoring System (ESS) but have not
previously been made available for three-position scores. Three-position scores are a foundation
from which ESS scores are derived. However three-position scores involve stronger reliance on naive
assumptions that different recording sensors may contribute equally to test outcomes. Reference
tables are shown for the traditional array of polygraph recording sensors — respiration, electroder-
mal, cardio — and also including the vasomotor sensor. Multinomial reference tables may be useful
as a likelihood-function to obtain reproducible statistical values for three-position CQT scores, can
be used to optimize numerical cut-scores for use with three-position numerical scores, and can be
useful in Bayesian analysis of polygraph test data.

Introduction Multinomial reference distributions
were calculated for three-position scores un-
Nelson (2017) calculated multinomi- der the null-hypothesis to the analytic theo-
al reference distributions for Empirical Scor- ry of the comparison question test (CQT). The
ing System (ESS; Nelson, Krapohl & Handler, analytic theory of the polygraph, as described
2008; Nelson, et. al., 2011) scores of the CQT. in numerous studies on the evaluation of com-
ESS scores are derived from three-position parison question polygraph data (Barland,
scores (Bradley & Janisse, 1981; Department 1985; Kircher & Raskin, 1988; Krapohl & Mc-
of Defense, 2006b; van Herk, 1991). Three-po- Manus, 1999; Kubis, 1962; Nelson, Krapohl
sition scores differ from ESS scores in that & Handler, 2008; Summers, 1939), holds
three-position scores are premised on a strong that greater changes in physiological activi-
(i.e., deliberate) naive assumption that little is ty are loaded at different types of test stim-
known about the relative importance or con- uli as a function of deception or truth-telling
tribution of the different recording sensors. in response to relevant or investigation target
Naive assumptions are commonly used in stimuli. [See Nelson (2016) for a discussion
Bayesian analysis (Berger, 1985; Box & Tiao, of this analytic hypothesis.] This theory does
1973; Jaynes, 1986; 2003; Lee, 2004; Rubin, not attempt to describe the exact psycholog-
Gelman, Carlin, & Stern, 2003) and machine ical or physiological mechanisms underlying
learning (Hand & Yu, 2001; Russell, & Norvig, responses during the CQT, and only expresses
2003) because they can permit us to devel- how the data are expected to be observed.
op simple and effective solutions to complex
and difficult problems. Although empirical Part of the value of an analytic theory
reference distributions were provided by Nel- for the CQT is that it can be expressed in the
son and Handler (2015), prior to this time no form of a null-hypothesis. The null-hypothesis
published description has been available for would state that the distributions polygraph
theoretical distributions of three-position CQT scores are not loaded in any systematic way
scores. This project is intended to fill a gap in that discriminates deception or truth-telling.
the knowledge base. In this usage, our expression of the null-hy-
158 Polygraph & Forensic Credibility Assessment , 2018, 47 (2)
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pothesis is not for the purpose of testing or
evaluating the null hypothesis against the
alternative hypothesis but is instead an at-
tempt to use the null-distribution to obtain
a likelihood statistic that can be to classify
unknown cases using Bayesian analysis. Be-
cause the individual scores can be charac-
terized as random under the null-hypothesis
to the analytic theory, the distribution of the
summed three-position sensor scores under
the null-hypothesis can be calculated using
combinatoric math or through simulation. The
distribution of CQT scores is multinomial (as
opposed to binomial) because there are more
than two possible values for each sensor score
for iteration of the test stimuli.

Discussion

Calculation of the multinomial distri-
bution' of CQT scores involves first the calcu-
lation of the multinomial distribution of sen-
sor subtotals. The distribution for CQT total
scores is then calculated as the combination
of the distributions of the sensor subtotals. All
calculations were completed with the R statis-
tical computing language (R Core Team, 2018).
Multinomial Distribution of Sensor
Subtotals

Calculation of the multinomial ref-
erence distribution for three-position CQT
scores begins with the distribution of subto-
tal scores for the individual recording sensors.
Polygraph question formats currently in use in
field settings include the use of two, three and
four relevant questions. Subtotal scores for
individual relevant questions are often used
when evaluating the results of multiple-issue
screening tests. For this reason the multino-
mial sensor distributions were calculated for
grand total scores with one, two, three and
four relevant questions. Because published
evidence (Kircher & Raskin, 1988; Senter &
Dollins 2004; Senter, Dollins & Krapohl, 2004)
has shown that conducting up to five, with a
minimum of three, repetitions of the ques-
tion sequence can increase the effectiveness

of deceptive and truthful classifications while
reducing the occurrence of inconclusive out-
comes, multinomial reference distributions for
the sensor scores were calculated for up to five
iterations of the question sequence.

For each iteration of each relevant
question, the distribution of three-position
scores [-1, O, +1] is expected to be random
under the null hypothesis, and the scores are
therefore equally likely to occur. A polygraph
test with up to five repetitions of a question
sequence that includes three relevant ques-
tions will have recording sensor scores that
range from -15 to +15. There will be only 1 way
to achieve either the maximum or minimum
sensor score: every iteration of each relevant
question would have to produce a +1 or -1
score. In contrast, there are numerous ways to
achieve other possible sensor subtotals, and
the most commonly occurring sensor subtotal
score (i.e., modal value) will be O (zero) under
the null-hypothesis. The multinomial distri-
bution of sensor subtotals will inform us of
the number of ways and statistical likelihood
associated with each possible sensor score.

Reference tables for sensor subtotals
are shown in Appendices A-C for CQT formats
consisting of five repetitions of question se-
quences including two, three and four relevant
questions with three-position scores. Appen-
dix D shows the reference table for sensor sub-
totals with five repetitions of a single relevant
question. The tables shown in Appendices A-D
include the number of ways to achieve each
possible sensor score along with the probabil-
ity mass function (pmfj that describes the sta-
tistical likelihood of observing each possible
score under the null hypothesis. The cumu-
lative sum of the ways will be equal to n”k,
where n number of possible scores (i.e., [-1, O,
+1]) for each iteration of each relevant ques-
tion and k is the product of the number of rel-
evant questions and the number of repetitions
of the question sequence. The pmfwill be used
to calculate the multinomial distribution of
the combined sensor scores. [Refer to Nelson
(2017) for more information.]

1 A distribution tells us the range of possible values. Distributions can be expressed in table form, and often include the

statistical likelihood associated with each value.
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Multinomial Distribution of Total

Combined Sensor Scores

or

The multinomial distribution of total
scores is the combination of the multinomial
distributions for the sensor subtotals. For this
reason, the distributions for sensor subtotals
must be calculated before it is possible to cal-
culate the distributions for total scores. Sim-
ilar to the distributions for sensor subtotals,
the multinomial distribution for total scores
will include only one possible way to achieve
the maximum or minimum possible score — all
sensor subtotals must achieve the maximum
or minimum score. The distribution of total
scores will include numerous ways of achiev-
ing total scores near the modal total score of
O (zero).

The maximum possible three-position
CQT total score will be the product of the num-
ber of recording sensors and the maximum
possible sensor score. Similarly, the minimum
possible total score will be the product of the
number of recording sensors and the min-
imum possible sensor score. For example: a
CQT with three relevant questions using the
normal array of respiration, electrodermal and
cardiovascular sensors will have a distribution
of total scores in the range [-45...+45]. Addi-
tion of the vasomotor recording sensor will in-
crease the range to [-60...+60].

Appendices E-G show the multinomial
reference distributions for grand total scores
with CQT question sequences that include
two, three and four relevant questions using
the traditional array of respiration, electroder-
mal and cardio recording sensors. Appendix
H shows the multinomial reference distribu-
tion for subtotal scores of individual RQs, in-
cluding statistical corrections for multiplicity.
Reference distributions are shown with the
additional of the vasomotor recording sensor
in Appendices I-L. Reference tables in Appen-
dices E-L can serve as a likelihood function
to obtain posterior estimates of the likelihood
of deception or truth-telling using Bayesian
analysis.

Reference tables in Appendices E-L
include the number of ways to achieve each
total score, along with the pmf and cumula-
tive distribution function (cdf]. Also included
in these appendices is a continuity-corrected
(cdfContCor) from which statistical estimates
for CQT total scores. The continuity correction
is a mathematical correction moves each val-
ue slightly further from the modal value (score
= 0) and ensures that estimated statistical
values always exceed the actual value. Ap-
pendices E-L also include a transformation of
the cdfContCor to an odds, using the formula
odds = p / (1-p)?. Finally the lower limit of the
1-a/2% interval for the odds is shown in the
oddsLL0O5 column using the Clopper-Pearson
method (Clopper & Pearson, 1934) [See Nel-
son (2018a) for more information on the Clop-
per-Pearson interval in this usage.]

In practical use the tables in Appendi-
ces E-L can be used to determine numerical
cut-points prior to polygraph testing. [Refer
to Nelson (2018b) for more information on the
use multinomial reference tables for the CQT.]
Cut-scores for the three-position multinomi-
al reference model are shown in Table 1 for
event-specific diagnostic polygraph exam, and
in Table 2 for multiple-issue screening poly-
graphs.

2 A proportional estimate can be re-calculated from the odds using p
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odds / (1 + odds).
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Table 1. Multinomial cut-scores for three-position grand total scores of event-specific exams,
using a one-tailed alpha = .05 for the lower limit of the Clopper-Pearson interval for positive
and negative classifications (multiplicity-corrected subtotal cut-scores in parenthesis).

2 RQs 3 RQs 4RQs
Respiration, EDA, Cardio +2 / -2 (-5) +2 / -2 (-6) +2 / -2 (-8)
Respiration, EDA, Cardio, Vasomotor +2 /-2 (-4) +2 / -2 (-6) +2 /-2 (-8)

Table 2. Multinomial cut-scores for three-position subtotal scores of multiple-issue exams,
using a one-tailed alpha = .05 for the lower limit of the Clopper-Pearson interval. Subtotal
cut-scores are without statistical correction for positive classifications and with statistical

correction for negative classifications.

2RQs 3 RQs 4RQs
Respiration, EDA, Cardio +2 /-3 +1/-3 +1/-3
Respiration, EDA, Cardio, Vasomotor +2 /-3 +1/-3 +1/-3

Conclusion

The availability of multinomial theoret-
ical reference distributions represents a sub-
stantial advance in the scientific foundation of
the CQT. Theoretical reference distributions
are important in both scientific research and
scientific testing because they can be used to
make inferences about the statistical likeli-
hood of observed data. These multinomial ta-
bles can be used as a likelihood function for
Bayesian analysis of CQT score, either manu-
ally or through automated algorithm.

Theoretical reference distributions dif-
fer from empirical reference models in that
they are calculated from facts and information
that can be subject to mathematical and log-
ical proof. In contrast, the calculation of em-
pirical reference distributions depends on the
availability of a numerous empirical samples,
and rigorous sampling methodology, in order
to closely approximate the unknown popula-
tion distribution. When both theoretical and
empirical distributions are available it will be
expected that observed results and conclu-
sions should not differ substantially for the
two methods.
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Calculation of these distributions
would have been substantially more unwieldy
before computers and powerful statistical pro-
gramming environments were available. It is
hoped that the publication of these multinomi-
al reference distributions may be of some use
to field examiners and program managers in-
terested in the use of evidence-based practices
with the three-position CQT scores and may
help facilitate additional interest in research
on the objective analysis of CQT scores.
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Appendix A.

Multinomial Reference Distribution for Sensor Totals
with 5 Repetitions of 2 Relevant Questions

Score Ways Pmf
-10 1 <.0001
-9 10 .0002
-8 55 .0009
-7 210 .0036
-6 615 .0104
-5 1452 .0246
-4 2850 .0483
-3 4740 .0803
-2 6765 1146
-1 8350 1414
0 8953 1516
1 8350 1414
2 6765 1146
3 4740 .0803
4 2850 .0483
5 1452 .0246
6 615 .0104
7 210 .0036
8 55 .0009
9 10 .0002
10 1 <.0001
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Appendix B.

Multinomial Reference Distribution for Sensor Totals
with 5 Repetitions of 3 Relevant Questions

Score Ways Pmf
-15 1 <.0001
-14 15 <.0001
-13 120 <.0001
-12 665 <.0001
-11 2835 .0002
-10 9828 .0007

-9 28665 .0020
-8 71955 .0050
-7 157950 0110
-6 306735 0214
-5 531531 .0370
-4 827190 .0576
-3 1161615 .0810
-2 1477035 1029
-1 1704510 1188
0 1787607 1246
1 1704510 1188
2 1477035 1029
3 1161615 .0810
4 827190 .0576
5 531531 .0370
6 306735 0214
7 157950 0110
8 71955 .0050
9 28665 .0020
10 9828 .0007
11 2835 .0002
12 665 <.0001
13 120 <.0001
14 15 <.0001
15 1 <.0001
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Multinomial Reference Distribution for Sensor Totals
with 5 Repetitions of 4 Relevant Questions

Appendix C.

A

Score Ways Pmf
-20 1 <.0001
-19 20 <.0001
-18 210 <.0001
-17 1520 <.0001
-16 8455 <.0001
-15 38304 <.0001
-14 146490 <.0001
-13 484500 .0001
-12 1409895 .0004
-11 3656360 .0010
-10 8533660 .0024

-9 18062160 .0052
-8 34880770 .0100
-7 61757600 .0177
-6 100640340 .0289
-5 151419816 .0434
-4 210859245 .0605
-3 272290140 .0781
-2 326527350 .0936
-1 363985680 1044
0 377379369 .1082
1 363985680 1044
2 326527350 .0936
3 272290140 .0781
4 210859245 .0605
5 151419816 .0434
6 100640340 .0289
7 61757600 .0177
8 34880770 .0100
9 18062160 .0052
10 8533660 .0024
11 3656360 .0010
12 1409895 .0004
13 484500 .0001
14 146490 <.0001
15 38304 <.0001
16 8455 <.0001
17 1520 <.0001
18 210 <.0001
19 20 <.0001
20 1 <.0001
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Appendix D.

Multinomial Reference Distribution for Sensor Subtotals
with 5 Repetitions of the Question Sequence

Score Ways Pmf
-5 1 .0041
-4 5 .0206
-3 15 0617
-2 30 1235
-1 45 1852
0 51 2099
1 45 1852
2 30 1235
3 15 0617
4 5 .0206
5 1 .0041
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Appendix E

Multinomial Reference Distribution of Three-position Grand Totals
with 5 Repetitions of 2 Relevant Questions

Score Ways Pmf Cdf Cdfcontcor Odds Oddsllos
-14 153 .0006* .0011 .0008 1286 9.29
-13 171 .0012 .0023 .0017 587.2 9.04
-12 190 .0024 .0047 .0035 283.9 8.58
-11 210 .0043 .0090 .0069 144.8 7.84
-10 231 .0074 .0162 .0127 77.66 6.8

-9 250 .0119 .0279 .0224 43.64 6.35
-8 267 .0182 .0457 .0376 25.6 5.36
-7 282 .0265 0711 .0602 15.61 4.22
-6 295 .0366 .1058 .0921 9.86 3.31
-5 306 .0480 1504 1348 6.42 2.54
-4 315 .0599 2053 1891 4.29 1.89
-3 322 .0712 2696 .2548 2.92 1.39
-2 327 .0804 3417 .3304 2.03 1.01
-1 330 .0865 4194 4133 1.42 0.72
0 331 .0887 .5000 .5000 1 0.51
1 330 .0865 5806 5867 1.42 0.72
2 327 .0804 .6583 .6696 2.03 1.01
3 322 .0712 7304 .7452 2.92 1.39
4 315 .0599 7947 .8109 4.29 1.89
5 306 .0480 .8496 .8652 6.42 2.54
6 295 .0366 .8942 .9079 9.86 3.31
7 282 .0265 .9289 .9398 15.61 4.22
8 267 .0182 .9543 9624 25.6 5.36
9 250 .0119 9721 9776 43.64 6.35
10 231 .0074 .9838 9873 77.66 6.8
11 210 .0043 9910 9931 144.8 7.84
12 190 .0024 .9953 .9965 283.9 8.58
13 171 .0012 9977 .9983 587.2 9.04
14 153 .0006* .9989 9992 1286 9.29
* extreme values omitted
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Appendix F

Multinomial Reference Distribution of Three-position Grand Totals
with 5 Repetitions of 3 Relevant Questions

Score Ways Pmf Cdf Cdfcontcor Odds Oddsll05
-17 435 .0006* .0012 .0009 1123 13.95
-16 465 .0010 .0022 .0017 600.6 13.49
-15 496 .0017 .0038 .0030 332.8 12.76
-14 525 .0028 .0066 .0052 190.8 11.7
-13 552 .0044 .0109 .0088 113 10.32
-12 577 .0066 0175 .0143 69 9.97
-11 600 .0098 0271 .0225 43.4 8.82
-10 621 0139 .0406 .0344 28.07 7.35

-9 640 .0190 0591 .0510 18.62 5.87
-8 657 .0253 .0834 .0733 12.65 4.73
-7 672 .0324 1142 1023 8.78 3.77
-6 685 .0401 1519 1388 6.21 2.94
-5 696 .0481 1966 1831 4.46 2.28
-4 705 .0558 .2480 2351 3.25 1.76
-3 712 0626 .3053 2943 2.4 1.35
-2 717 .0679 3674 3593 1.78 1.03
-1 720 .0714 4328 4285 1.33 0.78
0 721 .0725 .5000 .5000 1 0.59
1 720 0714 5672 5715 1.33 0.78
2 717 0679 6326 6407 1.78 1.03
3 712 .0626 .6947 .7057 24 1.35
4 705 .0558 7520 7649 3.25 1.76
5 696 .0481 .8034 8169 4.46 2.28
6 685 .0401 .8481 8612 6.21 2.94
7 672 .0324 .8858 .8977 8.78 3.77
8 657 .0253 9166 9267 12.65 4.73
9 640 .0190 .9409 .9490 18.62 5.87
10 621 0139 9594 .9656 28.07 7.35
11 600 .0098 9729 9775 43.4 8.82
12 577 .0066 .9825 .9857 69 9.97
13 552 .0044 9891 9912 113 10.32
14 525 .0028 9934 9948 190.8 11.7
15 496 .0017 .9962 .9970 332.8 12.76
16 465 .0010 9978 .9983 600.6 13.49
17 435 .0006* .9988 9991 1123 13.95
* extreme values omitted
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Appendix G

Multinomial Reference Distribution of Three-position Grand Totals
with 5 Repetitions of 4 Relevant Questions

Score Ways Pmf Cdf Cdfcontcor Odds Oddsli05
-19 900 .0007* .0016 .0013 782.8 18.12
-18 937 .0011 .0027 .0021 464.3 17.26
-17 972 .0017 .0044 .0035 2824 16.06
-16 1005 .0026 .0069 .0057 176 14.5
-15 1036 .0038 .0107 .0088 112.3 14.5
-14 1065 .0055 .0161 .0135 73.3 12.21
-13 1092 .0077 .0237 .0200 48.9 10.9
-12 1117 .0105 .0340 .0292 33.3 9.24
-11 1140 .0140 .0476 .0415 23.13 7.57
-10 1161 .0182 .0653 .0576 16.36 6.28

-9 1180 .0230 .0875 .0783 11.76 517
-8 1197 .0285 1147 1042 8.59 4.15
-7 1212 .0343 1472 1358 6.37 3.33
-6 1225 .0403 1851 1732 4.77 2.64
-5 1236 .0462 2282 2165 3.62 2.09
-4 1245 .0516 2761 .2654 2.77 1.66
-3 1252 .0563 3281 3193 213 1.31
2 1257 .0599 .3835 3771 1.65 1.03
-1 1260 .0621 4412 4378 1.28 0.81
0 1261 .0629 .5000 .5000 1 0.63
1 1260 .0621 .5588 .5622 1.28 0.81
2 1257 .0599 .6165 .6229 1.65 1.03
3 1252 .0563 6719 .6807 213 1.31
4 1245 .0516 .7239 .7346 2.77 1.66
5 1236 .0462 7718 .7835 3.62 2.09
6 1225 .0403 .8149 .8268 4.77 2.64
7 1212 .0343 .8528 .8642 6.37 3.33
8 1197 .0285 .8853 .8958 8.59 415
9 1180 .0230 9125 9217 11.76 5.17
10 1161 .0182 .9347 9424 16.36 6.28
11 1140 .0140 .9524 .9585 23.13 7.57
12 1117 .0105 .9660 .9708 33.3 9.24
13 1092 .0077 9764 .9800 48.9 10.9
14 1065 .0055 9839 .9865 73.3 12.21
15 1036 .0038 .9893 9912 112.3 14.5
16 1005 .0026 9931 9944 176 14.5
17 972 .0017 .9956 .9965 2824 16.06
18 937 .0011 .9973 .9979 464.3 17.26
19 900 .0007* .9984 .9987 782.8 18.12
* extreme values omitted
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Appendix H

Multinomial Reference Distribution of Three-position Subtotals
with 5 Repetitions

Score |Ways| Pmf | Cdf Ccigor Odds (;f(;iss (gifss (ifcfss ??0(158 Odds2rqll050dds3rqll050dds4rqllos
-10 | 21 |.0007 |.0009* .0006 |1676 | 40.94 | 11.88 | 6.4 |4.47 3.24 2.34 1.72
-9 | 28 |.0020.0029 | .0019 |514.3| 22.68 | 8.01 | 4.76 | 4.37 2.98 1.93 1.42
-8 | 36 |.0050|.0079 | .0055 | 182 | 13.49 | 5.67 | 3.67 | 4.14 2.52 1.58 1.18
-7 | 45 |.0110|.0188| .0136 |72.83| 853 | 418 | 292 | 37 2.02 1.28 0.99
-6 | 55 |.0214|.0395| .0300 [32.38| 5.69 | 3.19 | 239 |3.02 1.58 1.06 0.84
-5 | 66 |.0370|.0746 | .0597 |15.75| 397 | 251 | 1.99 |2.53 1.26 0.88 0.72
-4 | 75 |.0577|.1277| 1079 | 827 | 2.88 | 2.02 1.7 | 1.98 0.98 0.73 0.62
-3 | 82 |.0810/.1998 | 1781 |4.61 | 215 | 1.67 | 147 |1.39 0.77 0.61 0.54
-2 | 87 |.1029|.2892| 2704 | 2.7 | 164 | 1.39 | 128 | 093 0.6 0.52 0.47
-1 | 90 |.1188|.3912| .3803 |1.63 | 1.28 | 1.18 | 1.13 | 0.6 0.47 0.44 0.41
0 91 |.1246|.5000 | .5000 | 1 1 1 1 0.37 0.37 0.37 0.37
1 90 |.1188.6088 | .6197 | 1.63 | 2.66 | 433 | 7.05 | 0.6 0.92 1.32 1.77
2 87 1.1029 |.7108 | .7296 | 2.7 | 7.28 | 19.66 | 53.05 | 0.93 1.81 2.81 3.46
3 82 |.0810|.8002 | .8219 | 4.61 | 21.29 | 98.24 | 453.3 | 1.39 291 3.88 4.35
4 75 |.0577|.8723 | 8921 | 8.27 | 68.36 | 565.3 | 4674 | 1.98 3.65 4.38 4.49
5 66 |.0370|.9254 | .9403 |15.75| 248.2 | 3911 | 61610 | 2.53 4.23 4.49 4.51
6 55 |.0214|.9605 | .9700 |32.38| 1048 | 33950 |>99999| 3.02 4.44 4.51 4.51
7 45 |.0110 |.9812 | 9865 |72.83| 5304 |>99999|>99999| 3.7 4.49 451 451
8 36 |.0050|.9921 | 9945 | 182 | 33130 [>99999|>99999 | 4.14 4.51 4.51 451
9 28 |.0020 .9971 | .9981 |514.3 |>100000|>99999 |>99999 | 4.37 4.51 4.51 4.51
10 | 21 |.0007 .9991*| .9994 | 1676 [>100000/>99999|>99999 | 4.47 4.51 4.51 4.51

* extreme values omitted
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Appendix I

Multinomial Reference Distribution for Three-position Grand Totals

with 5 Repetitions of 2 Relevant Questions with PLE Sensor

Score Ways Pmf Cdf Cdfcontcor Odds Oddsll05
-16 2845 .0006* .0012 .0009 1112 124
-15 3136 .0011 .0023 .0017 572.2 11.99
-14 3430 .0019 .0042 .0033 306.5 11.34
-13 3724 .0032 .0074 .0058 170.6 10.36
-12 4015 .0052 0126 .0101 98.52 9.08
-11 4300 .0080 .0205 .0167 58.91 8.67
-10 4576 0120 .0322 .0267 36.39 7.55

-9 4840 0171 .0489 .0414 23.18 6.19
-8 5089 .0235 0715 .0618 15.18 4.86
-7 5320 .0311 1011 .0893 10.2 3.96
-6 5530 .0395 1383 1248 7.01 3.03
-5 5716 .0485 1833 1691 4.92 2.35
-4 5875 .0573 .2360 2221 3.5 1.79
-3 6004 .0652 .2954 .2833 2.53 1.36
-2 6100 0714 .3603 3514 1.85 1.02
-1 6160 .0755 4292 4244 1.36 0.76
0 6181 .0769 .5000 .5000 1 0.57
1 6160 .0755 .5708 .5756 1.36 0.76
2 6100 0714 .6397 .6486 1.85 1.02
3 6004 .0652 .7046 7167 2.53 1.36
4 5875 .0573 .7640 7779 3.5 1.79
5 5716 .0485 .8167 .8309 492 2.35
6 5530 .0395 .8617 .8752 7.01 3.03
7 5320 .0311 .8989 9107 10.2 3.96
8 5089 .0235 .9285 9382 15.18 4.86
9 4840 0171 9511 .9586 23.18 6.19
10 4576 0120 .9678 9733 36.39 7.55
11 4300 .0080 9795 .9833 58.91 8.67
12 4015 .0052 9874 .9900 98.52 9.08
13 3724 .0032 .9926 .9942 170.6 10.36
14 3430 .0019 .9958 .9967 306.5 11.34
15 3136 .0011 .9977 .9983 572.2 11.99
16 2845 .0006* .9988 .9991 1112 124
* extreme values omitted
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Appendix J

Multinomial Reference Distribution for Three-position Grand Totals
with 5 Repetitions of 3 Relevant Questions with PLE Sensor

Score Ways Pmf Cdf Cdfcontcor Odds Oddsllo5
-19 12100 .0007* .0016 .0013 782.8 18.12
-18 12734 .0011 .0027 .0021 464.3 17.26
-17 13360 .0017 .0044 .0035 282.4 16.06
-16 13975 .0026 .0069 .0057 176 14.5
-15 14576 .0038 .0107 .0088 112.3 14.5
-14 15160 .0055 .0161 .0135 73.3 12.21
-13 15724 .0077 .0237 .0200 48.9 10.9
-12 16265 .0105 .0340 .0292 33.3 9.24
-11 16780 .0140 .0476 .0415 23.13 7.57
-10 17266 .0182 .0653 .0576 16.36 6.28

-9 17720 .0230 .0875 .0783 11.76 5.17
-8 18139 .0285 1147 1042 8.59 4.15
-7 18520 .0343 1472 1358 6.37 3.33
-6 18860 .0403 1851 1732 4.77 2.64
-5 19156 .0462 2282 2165 3.62 2.09
-4 19405 .0516 2761 2654 2.77 1.66
-3 19604 .0563 3281 3193 2.13 1.31
-2 19750 .0599 3835 3771 1.65 1.03
-1 19840 .0621 4412 4378 1.28 0.81
0 19871 .0629 .5000 .5000 1 0.63
1 19840 .0621 .5588 5622 1.28 0.81
2 19750 .0599 .6165 .6229 1.65 1.03
3 19604 .0563 6719 .6807 2.13 1.31
4 19405 .0516 .7239 .7346 2.77 1.66
5 19156 .0462 7718 .7835 3.62 2.09
6 18860 .0403 .8149 .8268 4.77 2.64
7 18520 .0343 .8528 .8642 6.37 3.33
8 18139 .0285 .8853 .8958 8.59 4.15
9 17720 .0230 9125 9217 11.76 5.17
10 17266 .0182 .9347 9424 16.36 6.28
11 16780 .0140 9524 .9585 23.13 7.57
12 16265 .0105 9660 .9708 33.3 9.24
13 15724 .0077 9764 .9800 48.9 10.9
14 15160 .0055 9839 .9865 73.3 12.21
15 14576 .0038 9893 9912 112.3 14.5
16 13975 .0026 9931 .9944 176 14.5
17 13360 .0017 9956 .9965 282.4 16.06
18 12734 .0011 9973 9979 464.3 17.26
19 12100 .0007* .9984 .9987 782.8 18.12
* extreme values omitted
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Appendix K

Multinomial Reference Distribution for Three-position Grand Totals
with 5 Repetitions of 4 Relevant Questions with PLE Sensor

A

Score Ways Pmf Cdf Cdfcontcor Odds Oddsll05
-22 31430 .0006* .0015 .0013 796.1 23.78
-21 32500 .0009 .0024 .0020 506.7 22.59
-20 33551 .0013 .0037 .0030 328.5 21.02
-19 34580 .0018 .0055 .0046 216.8 19.08
-18 35584 .0026 .0081 .0068 145.6 19.31
-17 36560 .0036 .0117 .0100 99.5 16.57
-16 37505 .0050 .0166 .0143 69.12 15.16
-15 38416 .0067 .0232 .0201 48.79 13.24
-14 39290 .0087 .0318 .0278 34.97 11.18
-13 40124 .0113 .0429 .0378 25.43 9.56
-12 40915 .0142 .0568 .0506 18.75 7.94
-11 41660 .0176 .0739 .0666 14.01 6.49
-10 42356 .0215 .0947 .0863 10.59 5.33
-9 43000 .0256 1193 1099 8.1 4.38
-8 43589 .0300 1480 1379 6.25 3.59
-7 44120 .0346 1807 1702 4.87 2.92
-6 44590 .0390 2175 2071 3.83 2.38
-5 44996 .0432 .2580 2482 3.03 1.93
-4 45335 .0470 3019 2933 241 157
-3 45604 .0501 .3488 3417 1.93 1.28
-2 45800 .0525 .3979 3929 1.55 1.04
-1 45920 .0540 4485 4460 1.24 0.84

0 45961 .0545 .5000 .5000 1 0.68
1 45920 .0540 .5515 .5540 1.24 0.84
2 45800 .0525 .6021 .6071 1.55 1.04
3 45604 .0501 .6512 .6583 1.93 1.28
4 45335 .0470 6981 .7067 241 157
5 44996 .0432 .7420 .7518 3.03 1.93
6 44590 .0390 .7825 7929 3.83 2.38
7 44120 .0346 .8193 .8298 4.87 2.92
8 43589 .0300 .8520 .8621 6.25 3.59
9 43000 .0256 .8807 .8901 8.1 4.38
10 42356 .0215 9053 9137 10.59 5.33
11 41660 .0176 9261 9334 14.01 6.49
12 40915 .0142 9432 9494 18.75 7.94
13 40124 .0113 9571 9622 25.43 9.56
14 39290 .0087 9682 9722 34.97 11.18
15 38416 .0067 9768 9799 48.79 13.24
16 37505 .0050 9834 9857 69.12 15.16
17 36560 .0036 9883 9900 99.5 16.57
18 35584 .0026 9919 9932 145.6 19.31
19 34580 .0018 9945 .9954 216.8 19.08
20 33551 .0013 9963 .9970 328.5 21.02
21 32500 .0009 9976 .9980 506.7 22.59
22 31430 .0006* 9985 .9987 796.1 23.78
* extreme values omitted
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Appendix L

Multinomial Reference Distribution of Three-position Subtotals
with 5 Repetitions with PLE Sensor

Score |Ways | Pmf | Cdf C()(iftl(for Odds 31('1(;158 C;fc;iss Cifqus ??Ois 0Odds2rqll05/0dds3rqll05/0dds4rqgll05
-12 | 165 |.0004 |.0006* | .0004 |2517 | 50.17 | 13.6 | 7.08 | 6.13 4.35 2.99 213
-11 | 220 |.0010|.0016 | .0011 |888.3| 29.8 | 9.61 | 546 | 6.03 411 2.54 1.85
-10 | 286 |.0024 | .0041 | .0029 |346.6| 18.62 | 7.03 | 4.32 | 5.82 3.58 211 1.56
-9 | 360 |.0052|.0092 | .0067 |148.1| 1217 | 529 | 349 | 541 2.96 1.8 1.32
-8 | 439 |.0100|.0191 | .0144 |68.67 | 829 | 4.1 288 | 4.73 2.39 1.49 1.15
-7 | 520 |.0177|.0364 | .0284 |34.27 | 585 | 325 | 242 | 435 1.9 1.26 0.99
-6 | 600 |.0289|.0640 | .0520 |18.25| 427 | 2.63 | 2.07 | 3.54 1.54 1.07 0.87
-5 | 676 |.0434|.1047 | .0886 |10.28 | 3.21 | 218 | 1.79 | 2.65 1.25 0.9 0.76
-4 | 745 |.0605|.1601 | .1412 | 6.08 | 247 | 1.83 | 1.57 | 1.96 1.01 0.77 0.67
-3 | 804 |.0781|.2299 | 2110 | 3.74 | 1.93 | 155 | 1.39 | 14 0.81 0.66 0.6
-2 | 850 |.0937|.3123 | 2969 | 237 | 1.54 | 133 | 1.24 | 0.97 0.66 0.57 0.54
-1 | 880 |.1044|.4037 | 3951 | 153 | 1.24 | 1.15 | 111 | 0.66 0.53 0.5 0.48
0 891 |.1082 | .5000 | .5000 1 1 1 1 0.43 0.43 043 0.43
1 880 |.1044 | .5963 | .6049 | 1.53 | 2.34 | 359 | 55 | 0.66 0.96 1.36 1.86
2 850 |.0937|.6877 | .7031 | 2.37 | 5.61 | 13.28 | 31.46 | 0.97 1.89 2.95 421
3 804 |.0781|.7701 | .7890 | 3.74 | 13.98 | 52.25 | 195.3 | 1.4 3.04 441 5.58
4 745 |.0605|.8399 | .8588 | 6.08 | 36.97 | 224.8 | 1367 | 1.96 4.47 5.65 6.08
5 676 |.0434|.8953 | 9114 |10.28 | 105.7 | 1087 | 11180 | 2.65 5.15 6.06 6.16
6 600 |.0289|.9360 | .9480 |18.25| 333 | 6076 [>99999| 3.54 5.81 6.16 6.18
7 | 520 |.0177 |.9637 | 9716 |34.27 | 1174 | 40240 (>99999| 4.35 6.07 6.17 6.18
8 439 |.0100 | .9809 | .9856 |68.67 | 4716 |>99999|>99999| 4.73 6.15 6.18 6.18
9 360 |.0052|.9908 | .9933 |148.1 | 21930 |>99999(>99999 | 5.41 6.17 6.18 6.18
10 | 286 |.0024 |.9959 | .9971 |346.6 |>99999>99999/>99999| 5.82 6.18 6.18 6.18
11 | 220 |.0010 |.9984 | .9989 |888.3 |>99999|>99999(>99999 | 6.03 6.18 6.18 6.18
12 | 165 |.0004 [.9994* | 9996 | 2517 |>99999|>99999(>99999| 6.13 6.18 6.18 6.18

* extreme values omitted
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Erratum Notice

It has come to our attention a typographical error exists on page 212 of 'Polygraph & Foren-
sic Credibility Assessment' Polygraph, 2017, 46 (2). At the top of the page, parasympathetic should
be sympathetic.

The correct document may be downloaded from the below link, please log in to your APA ac-
count before clicking on the link to view the article.

https://apoa.memberclicks.net/assets/docs /APA-Journal.Articles /2017 /journal%20462%20
preview%203.pdf

We apologize for any inconvenience this may have caused.
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