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Abstract

A mock crime study on a Mexican population tested the effectiveness of an experimental single-
sequence event-specific diagnostic polygraph technique with two relevant questions. The
experimental protocol had unweighted accuracy of 87%, an 18% inconclusive rate, sensitivity of
80%, and specificity of 93%. Reliability via Kappa's statistic was .73. Study results suggest greater
than chance accuracy that is consistent with other existing techniques. Although there was no
observed advantage to the experimental format, these results add support for the effectiveness of
single-sequence polygraph formats as similar to other formats, and for the effectiveness of
polygraph examinations conducted in Spanish as similar to those conducted in English.
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Introduction ded to be interpreted with the assumption of
that the criterion status of multiple relevant
questions will vary independently. Multiple

' This project was intended to e‘stimate issue exams are more complex in terms of
the dlagno's.tm accuracy of an expenmental probability theory and the attentional
event-specific _comparison questlgns test demands placed on the subject, and have
(CQT) format in a laborgtory setting. CQ.T been found to be less precise than tests for
formats have been used in both diagnostic which the target questions are non-
apd scrfeening afpplicat.ions. E.lvent—‘speciﬁc independent. Because the experimental
(single issue) diagnostic testing involves format was intended for diagnostic exams,
question formats for which the criterion the experimental design called for the
status of multiple relevant questions is interpretation of multiple relevant questions
interpreted with the assumption of non- within each exam with the assumption of
independence. That is all target stimuli have non-independence.

a shared source of variance in that they refer
to a single known or alleged incident.
Screening tests, conducted in the absence of One characteristic of most CQT
a known or alleged incident, are often formats is that responses to multiple

formulated using polygraph techniques inten-
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repetitions of the sequence of test stimuli are
obtained in different recorded sequences. The
present study was intended to investigate the
use of a single sequence format for event-
specific diagnostic polygraphs. The potential
advantage of the single sequence format is
the reduction of wuncontrolled sources of
variance associated with the procedures for
repetition of the question sequence, with the
hope that this may lead to increased
precision of test results. Single-sequence CQT
formats are presently used effectively for
polygraph screening tests (APA, 2011;
Department of Defense, 2006; Handler,
Nelson & Blalock, 2008; Research Division
Staff, 1995a; 1995b). We found no published
information on the effectiveness of diagnostic
polygraph formats that involve multiple
repetitions of test stimuli in a single recorded
sequence.

Polygraph is sometimes incorrectly
referred to as a “lie detector” with the
misunderstanding the instrument will show
unique reactions when a subject lies.
Polygraph instruments do not measure lies of
themselves. Instead they measure differences
in physiological reaction to two different types
of test question stimuli: relevant questions
(RQ) and comparison questions (CQ).
Reaction differences have been shown to vary
as a function of deception in response to RQs
that describe the subject’'s possible
behavioral involvement in an issue of concern
(APA, 2011; Honts & Reavy, 2009; Kircher &
Raskin, 1988; Kircher, Kristjansson, Gardner
& Webb, 2005; National Research Council,
2003). RQs generally avoid issues related to
memory, intent, and motivation (APA, 2009a).

Comparison  questions can  be
presented as a Probable Lie Comparisons
(PLC) in which the subject is maneuvered into
a verbal response for which is assumed the
subject is probably lying, and may also be
presented as Directed Lie Comparisons (DLC)
question in that the subject is procedurally
instructed by the examiner to answer the
DLC question untruthfully (Raskin & Honts,
2002). PLCs and DLCs have been described
as similarly effective, though DLCs have been
suggested as less ethically questionable since
their use does not involve the psychological
manipulation of the subject. (Honts & Reavy,
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2009; Kircher, Packard, Bell, & Bernhardt,
2001). This study involved only the use of
DLC questions with the experimental test
format.

The design of the experimental
technique was an event-specific single-issue
comparison question format consisting of two
RQs, both addressing the same issue. Even
when the questions are worded with small
differences, the meaning of both questions
was the same, and both questions described
the same behavior. Included in the question
sequence were two DLC questions, one
neutral question and one Sacrifice Relevant
Question. All questions were presented to the
subjects in a single sequence, with four
repetitions of each RQ. This is in contrast to
most polygraph techniques, for which the
examiner collects test data during several
repetitions of the sequence test stimuli while
stopping physiological recording and deflating
the cardio cuff in between each sequence.

Possible advantages of a single-
sequence diagnostic polygraph format involve
the potential for increased test accuracy as a
result of the reduction of sources of
uncontrolled variance in the recorded data
that may be introduced as a result of the
traditional practices involving separate
recorded sequences for each repetition of the
test stimuli. Categorical test results, often
reported using the terms “Deception
Indicated” or “No Deception Indicated,” are
based on whether there is a statistically
significant response by comparing a test
score to cutoff scores which were previously
established using tables calculated for the
statistical reference distributions of guilty
and innocent subjects in the normative
sampling data.

Methods

Study participants were Mexican
volunteers who agreed to participate after
answering an advertisement placed in a well-
known Mexican newspaper. Volunteer would
be rewarded $200.00 Mexican pesos (MXN)
for their participation. This was equivalent to
3 days of minimum-wage salary, for taking
part in a study that would last from 3 to 4
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hours. Interested participants called a phone
number, and then received an appointment
for initial screening with an examinee
monitor whose role was to facilitate the
participants during the study. The inclusion
criteria for participation required four
minimal conditions. Participants  were
required to:

1. be of legal age (18).

2. not be under the influence of alcohol
or drugs.

3. not to be excessively tired at the time
of the test and

4. not be suffering from hunger at the
time of the test.

All participants received a consent sheet,
informing them of the experimental
requirements and details of the study.
Participants were informed of their right to
terminate their participation in the study at
any time without penalty, and that they
would be paid the advertised amount
regardless of withdrawal from the study.
Participants were also informed that no harm
would come to the as a result of their

participation. A total number of 114
volunteers participated in the study.
The participants were randomly

assigned to a guilty or innocent status. Of the
114 original participants, 57 were assigned
as “innocent” and 57 as “guilty.” Guilty
participants were asked to participate in an
activity that would program their guilty
status for the study. Innocent participants
were instructed to engage in an activity that
would ensure their innocent status regarding
the RQs.

The “guilty” status letter gave the
instructions that are summarized, in English
(original was in Spanish), as follows:

Go to the dining room. In the coffee table
you will find a red backpack, just under
the table. Pour yourself a cup of coffee
and “steal” $100 (Mexican pesos /MXN)
that you will find inside of the
backpack. After you steal the money,
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you will have to pass a polygraph (lie
detection) test, and the issue under
investigation will be the stealing of that
money.

Participants in this group were told
that during the test they were to deny
stealing that money, and if their involvement
was not discovered during the test they would
be rewarded with a bonus of $50 pesos in
addition to the original $200 pesos and the
opportunity to keep the $100 pesos that was
taken from the backpack. They were also told
that if their involvement was discovered, they
would only receive the original payment for
being volunteers.

In order to confirm that the
instructions were understood, the monitor
asked the volunteers to review the
instructions. All subjects were able to
adequately describe the task to the monitor
who had no contact with the examiners
during the project.

The “innocent” status letter gave the
following instructions:

Go to the dining room. Pour yourself a
cup of coffee and wait until someone
calls you. You will then have to pass a
polygraph (lie detection) test. The issue
under investigation is be the stealing of
certain amount of money. During that
test you have only to honestly deny
your involvement in the crime because
you did not take any money.

The “innocent” status subjects were
also told that if they pass the test and
demonstrate their innocence, they would be
rewarded with a bonus of an additional $50
pesos. They also were told that, in case that
the test result somehow showed them to be
guilty they would receive only the original
$200 pesos reward for agreeing to participate
in the project.

Data were collected between
December 4th and December 14, 2012 using
the described convenience sample of

participants from the community. Lafayette
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model LX4000 polygraph instruments were
used to record electrodermal activity (EDA),
breathing movement, cardiovascular activity
and voluntary activity. EDA was measured
using skin resistance measured by standard
Lafayette metal electrodes attached to the
medial phalanges of the first and second
fingers. Thoracic and abdominal breathing
movement was measured by a standard
Lafayette pneumatic tube assembly.
Cardiovascular responses were recorded
through the use of a Lafayette blood pressure
cuff set at a pressure of 80 to 90 mmHg and
placed on the participant’s calf. An activity
sensor pad was placed on the subject’s seat.

The study was conducted at two
separate facilities: The first location — Facility
A - was referred to as “House No. 3” when
speaking with the participants, and consisted
of an office used by the monitor to receive the
volunteer participants and to assign and
program their guilty or innocent states. Only
one participant was scheduled at a time, and
participants did not interact with each other.
After programming, the study coordinator
(first author) arrived to escort each
participant to a second location, referred to
as “Facility B,” where the examiner would
conduct the test. The coordinator remained
blind to the guilty or innocent status of the
participants until after all data were collected
and analyzed.

There were 15 different examiners
working in five polygraph evaluation rooms.
The coordinator assigned each participant to
an examiner and examination room in order
of appearance. At the end of the test the
coordinator accompanied the subject to the
waiting room in Facility A. Each exam was
evaluated by the examiner and then by a
quality control reviewer. Some examinations
were determined to be unusable when the
quality control reviewer noted any of the
following protocol violations:

- Physical illness or affliction in the
subject.

- Guilty subjects not appropriately
denying the robbery, i.e. confessing the
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crime.

- Examiners did not use the experimental
format correctly.

- Interrupted or incomplete tests.

- Non-interpretable test data.

After the test and the quality control
review were completed, the test results were
provided to the monitor who remained in
possession of information regarding the
actual criterion state of each participant.
Upon comparing the test result and criterion
state, the monitor rewarded each
participants, who then left the facility.
Because the participants were dismissed after
completion of the exams, none of the
participants were subject to any retesting
when the examination resulted in a study
protocol violation.

Experimental test format

The experimental polygraph format
consisted of two RQs repeated four times in a
single sequence. Data would be scored using
the ESS, using only the first three usable
presentations of each stimulus question. The
fourth presentation would be used only in the
event that one of the previous stimulus
presentations is unusable due to an artifact
or untimely reaction, and when the results of
the first three scored presentations was
inconclusive.

Information regarding the questions,
order and its type is summarized, in English
(original in Spanish) in Table 1. The test
format included: 2 neutral questions in
positions 2 and 8, and repeated at positions
13 and 18; 1 sacrifice relevant question in
position 3, 2 relevant questions in positions 5
and 7 (first presentation), repeated at
positions 10 and 12 (second presentation), 15
and 17 (third presentation); and finally in
positions 20 and 22 (fourth presentation); 3
directed lie comparison questions in positions
4, 6 and 9, repeated at 11, 14 and 16 (second
presentation), and repeated again at positions
19, 21 and 23 (third presentation).

Polygraph, 2015, 44(1)
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Table 1. Questions presented during the Directed Lie Diagnostic Test.

# ID Type Text Answer
1 X The test is about to begin, please do not move and answer
with yes or no to each question.
2 1N1 N Are we in the year 2012? Yes
3 SR SR Regarding the stealing of the money, do you intend to Yes
answer truthfully each question about that?
4 1C1 C Have you ever lied to someone who trusted you? No
5 IR1 R Today, did you take any amount of money from a backpack No
in House No. 3?

6 1C2 C Have you ever stolen from someone who trusted you? No

7 1R2 R Today, did you take any amount of money reported stolen No
from a red backpack?

8 1N2 N Are we in Mexico City? Yes
Have you ever done something that would make you feel

9 1C3 C . : No
ashamed in front of your family?

10 | 2R1 R Today, did you take any amount of money from a backpack No
in House No. 3?

11 | 2C1 C Have you ever lied to someone who trusted you? No

12 | 2R2 R Today, did you take any amount of money reported stolen No
from a red backpack?

13 | 2N1 N Are we in the year 2012? Yes

14 | 2C2 C Have you ever stolen from someone who trusted you? No

15 | 3r1 R Today, did you take any amount of money from a backpack No
in House No. 3?

16 | 2c3 C Have you ever done somethmg that would make you feel No
ashamed in front of your family?

17 | 3R2 R Today, did you take any amount of money reported stolen No
from a red backpack?

18 | 2N2 N Are we in Mexico City? Yes

19 | 3C1 C Have you ever lied to someone who trusted you? No

20 | 4R1 R Today, did you take any amount of money from a backpack No
in House No. 3?

21 | 3C2 C Have you ever stolen from someone who trusted you? No

29 | 4R2 R Today, did you take any amount of money reported stolen No
from a red backpack?

23 | 3c3 C Have you ever done somethmg that would make you feel No
ashamed in front of your family?
The test is about to end, please don"t move until I release

24 | XX ..
the air in the cuff.

Test data analysis the preceding CQ was distorted by an
artifact, the RQ was compared to the closest

. . ifact-fi .
Because the experimental question artifact-free CQ

format was intended for event-specific
examinations, categorical decisions would be
made at the level of the test as a whole. All
examinations were scored using the
Empirical Scoring System (ESS, Nelson, et

The subtotal score of each relevant
question for the first three presentations was
then determined, and subtotal scores were
summed for a grand total score. Initial

al., 2011). Detailed information on the ESS,
statistical reference  distributions, and
decision rules can be found in Nelson et al.
RQs were compared to the preceding CQ. If
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classifications were made using the Grand
Total Rule, for which the grand total cutting
score was +/-4. This corresponded to
probability cutting scores of .05 for both
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truthful and deceptive -classifications. In
other words, a grand total of +4 or greater,
resulted in a truthful classification, while a
grand total of -4 or less resulted in a
deceptive classification. Scores between -3
and +3 resulted in an inconclusive
classification. For inconclusive result, the
examiner would score the fourth presentation
and sum the subtotal and grand total scores
once again. The cutting scores of +/-4
remained the same when all four stimulus
presentations were scored.

If the result remained inconclusive, or
if the difference in between 2 of the subtotals
is greater than 7 points, the examiner then
use a Subtotal-Score-Rule (SSR). The SSR
required that any one subtotal total of -6 or
less would result in a deceptive classification.
A subtotal score of -6 corresponded to a
statistically corrected probability cutting
score of .05 for deception.

Analysis

From the 114 subjects included in the
study, 22 cases (19.3%) were not included in
the statistical analysis due to some form of
protocol violation. More than 80% of the
original sample. The excluded protocol
violations reduced the sample size to 92
cases, including 29 programmed guilty cases
and 43 programmed innocent cases.

The analysis was performed using a
combination of mathematical software,
including:

» R: Alanguage and environment for
statistical computing (R Development
Core Team, 2008).

» STATA v. 11.0 (Statacorp, 2009)
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Results

Diagnostic accuracy was calculated
excluding all inconclusive cases. This
produced a sample size of 75 with, 40 of
those programmed “Innocent” and 35
programmed  “Guilty.” Sensitivity  and
specificity rates were calculated including the
inconclusive cases. The results are presented
in Table 2. Test accuracy is the proportion of
correctly classified individuals and the Error
Rate is the opposite, the proportion of
misclassified subjects. Sensitivity refers to

the proportion of “Guilty” individuals
correctly classified as deceptive. The
Specificity refers to the opposite, the

proportion of “Innocent” individuals correctly
classified as Non-Deceptive. False Positives
and False Negatives refer to the proportion of
the individuals incorrectly classified as
Deceptive or Non-Deceptive, respectively.

The likelihood ratio (LR) uses both the
sensitivity and specificity of the test to
provide an estimate of how much a test result
will change the probability or odds of having
a condition. The likelihood ratio for a positive
result (LR+) tells you the factor by which the
probability or odds of the condition increase
when a test is positive (SR). The likelihood
ratio for a negative result (LR-) tells you the
factor by which the probability or odds of the
condition decrease when a test is negative
(NSR). The likelihood ratio of a deceptive
result (LR+) is the ratio of the probability
(likelihood) of a Deceptive result in a “Guilty”
individual compared with the probability
associated with an “Innocent” subject. In
other terms, this number is described as the
ratio: Sensitivity/(1- Specificity). The
likelihood ratio of a negative test (LR-) works
in the same way, yet this time describing the
ratio of the probability (likelihood) of a Non-
Deceptive result in a “Guilty” subject
compared with the probability associated to
an “Innocent” subject. This number is
described as the ratio: (1-
Sensitivity) / Specificity

Polygraph, 2015, 44(1)
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Table 2. Accuracy of the experimental format.

DIAGNOSTIC ACCURACY
Accuracy 86.667 %
(Wilson's Confidence Interval) (77.2 %, 92.6 %)
Sensitivity 80.0 %
(Wilson's Confidence Interval) (64.1 %, 90.0 %)
Specificity 92.5 %
(Wilson's Confidence Interval) (80.2 %, 97.4 %)
Error Rate 13.3 %
(Wilson's Confidence Interval) (7.4 %, 22.8 %)
False Positives 4%
(Wilson's Confidence Interval) (1.4 %, 11.1 %)
False Negatives 9.3 %
(Wilson's Confidence Interval) (4.6 %, 18.0 %)
Likelihood Ratio (+) 10.67
Likelihood Ratio (-) 0.22

Inconclusive results are shown in
Table 3, along the 95% confidence intervals.
Confidence intervals were obtained through a
computationally simple approach following
Wilson (1927), using a refinement

of the simple asymptotic method. Seventeen
of the 92 cases produced inconclusive
results. Over 18% of the sample participants
had inconclusive examination results with
the experimental format.

Table 3. Inconclusive results and confidence intervals

INCONCLUSIVE RATE
Number of Inconclusive Results 17
Number of Inconclusive Results (Within “Innocent” Subjects) 9
Number of Inconclusive Results (Within “Guilty” Subjects) 8
Total Inconclusive Rate 18.5 %
(Wilson's Confidence Interval) (11.9 %, 27.6 %)
Inconclusive Rate (Within “Innocent” Subjects) 18.4 %
(Wilson's Confidence Interval) (9.9 %, 31.357%)
Inconclusive Rate (Within “Guilty” Subjects) 18.6 %
(Wilson's Confidence Interval) (9.7 %, 32.6 %)

Reliability estimates for test scores
with the experimental format are shown in
Table 4 in the form of Cohen’s Kappa Statistic
(Cohen, 1960). Use of this statistic requires
an underlying assumption of homogenous
ratings provided by the different raters. This
assumption was accepted because all scorers
and reviewers used a @ standardized
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procedure. This study consisted of multiple
raters, including both the original examiners
and quality control reviewers. These were
reduced to two rater categories, examiner and
reviewer, for this analysis.
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Table 4. Diagnostic Reliability of the DLDT

DIAGNOSTIC RELIABILITY
Cohen’s Kappa Statistic 0.730
(Analytic Method Confidence Interval) (0.576, 0.885)
Area Under ROC Curve 0.862
(Analytic Method Confidence Interval) (0.783 , 0.941)
Agreement 86.67%
Correlation 0.734

Table S shows the frequencies for
correct and incorrect results with the guilty
and innocent cases. Table 6 shows the

means and standard deviations of scores for
the innocent and guilty groups.

Table 5. Cross-tabulation of classification performance, excluding inconclusive cases.

Test Result

DI NDI TOTAL
Assigned Status Guilty 28 7 35
Innocent 3 37 40
TOTAL 31 44 TOTAL= 75
CASES

Table 6. Descriptive Statistics of Calculated Scores

Descriptive Statistics of the Scores
Arithmetic Mean of Scores (Within Innocents) 5.449
Standard Deviation of Scores (Within Innocents) 5.545
Arithmetic Mean of Scores (Within Guilty) -3.256
Standard Deviation of Scores (Within Guilty) 5.350

Discussion

This project involved the study of
decision accuracy of an experimental single-
sequence diagnostic polygraph technique
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with a cohort of community participants who
were randomly assigned to guilty and
innocent states regarding a mock theft crime.
Accuracy of the experimental technique was
87%. Inspection of the confidence intervals
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reported herein and by APA (2011) indicates
that the observed accuracy is consistent with
the previously reported normal range of
accuracy for diagnostic technique. While the
observed 18% inconclusive rate was higher
than reported for some other diagnostic
polygraph formats, it was within to 20%
ceiling that has been previously described by
the APA. Observed decision accuracy for the
experimental format did not satisfy the APA
requirement of accuracy over .90 for
evidentiary exams. Results of other studies of
this experimental format, combined with the
present results, will be needed to reach any
conclusions about mean accuracy for this
technique.

A number of limitations can be
described with respect to this study,
beginning with the use of a mock crime
activity, and also the fact that some of the
examiners had only very recently completed
their academic polygraph training and had
virtually no actual field experience. Ecological
validity — whether the testing conditions
closely approximate actual field testing
conditions - of laboratory research and mock-
crime activities is an important consideration,
though it can sometimes easily
misunderstood or mistaken for external
validity. External validity is a more important
concern because it refers directly to whether
observed study results are likely to be
observed in field practice. The practical
concern is the degree to which laboratory
results may overestimate effectiveness in field
settings. As a  matter of general
understanding in most fields of scientific
research, there is a clear trend that
adequately conducted laboratory research
has been wuseful and informative when
attempting to understand and estimate the
range of effectiveness that can be expected in
field settings.

In general polygraph research in
laboratory settings has resulted in lower or
more conservative estimates of polygraph
accuracy than research in field settings. It is
possible that either examiner expertise or the
motivational aspects of polygraph subjects
during actual field exams may have resulted
in the previously observed increases in
effectiveness of field study results over those
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in laboratory settings. It is also possible that
research conducted in field settings has been
confounded by non-random sample selection
methodologies that have increased accuracy
of field study results over what would be
observed through random sampling. Field
studies, while often lacking in complete
experimental control and random selection,
offer the advantage of perceived ecological
validity. Laboratory research offers the
advantage of greater experimental control and
the potential for random assignment of guilty
or innocent status. Regardless of advantages
and disadvantages, differences in well-
designed laboratory and field study result
have not been shown to be statistically
significant in the past (Anderson, Lindsay, &
Bushman, 1999), and there is no obvious
indication that the presently observed results
are an overestimation of test accuracy.

The large number of protocol
violations resulting in unusable examination
data deserves discussion. Nearly 20% of the
examinations conducted could not be used
due to heavily artifacted data that could not
be interpreted and due to protocol violations
on the part of the examiners. The majority of
these examinations were due to the later, and
we attribute this to general inexperience on
the part of many of the examiners and also to
the unfamiliarity of the examiners with an
experimental test protocol for which the
examiners had not received previous
instruction or practice until the onset of this
project.

There are some hypothesized
advantages to a single sequence diagnostic
format, beginning with the potential for
increased test effectiveness that may result
from reducing a source of uncontrolled
response variance when starting and
stopping the recording when using traditional
diagnostic CQT formats. Because the
experimental format did not outperform
existing polygraph diagnostic format in any
way, these hypothesized advantages were not
observed in these study results.

Despite these obvious limitations,
observed accuracy and inconclusive rates for
the two RQ single sequence diagnostic format
was remarkably similar to that previously
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reported by the APA (2011) for other
diagnostic polygraph formats with two RQs.
Observed accuracy during this study was
essentially identical to other formats: no
better, and also no worse. It is possible that
further modification and refinement of single
sequence format may lead to incremental
increases in testing effectiveness over existing
formats.

Another interesting and important
aspect of the present study is that all
participants and examiners — and the first
and second authors - are native Spanish
speaking persons. All of the examinations
were conducted in Spanish, in Mexico City.
The importance of this, though not the goal of
this project, is that cross-cultural decision
accuracy and inconclusive rates were
observed to be consistent with previously
reported research results from English
language studies of other diagnostic formats
with two RQs. Although this study did not
address the effectiveness of PLC questions, it
is noteworthy that this study adds support
for the assumption that accuracy and
effectiveness of CQT polygraph techniques
using DLC questions can remain stable
across language and cultural differences.
DLC questions were also previously reported
as effective in screening polygraph studies
conducted in native language circumstances

88

in Iraq (Nelson, Hander & Morgan, 2012).
Coupled with other advantages of DLC
questions, including the transparency, non-
reliance on subject naivety, and non-
manipulative administration — DLC questions

may continue to play an increasingly
important role in both diagnostic and
screening polygraphs.

Finally, we caution against the

immediate use of this experimental format in
field settings. It is difficult to find any sound
ethical argument for the selection of an
experimental protocol that does not
outperform existing evidence-based practices.
Until such time that further research and
experience can confirm that the experimental
format will provide a level of effectiveness that
equal or exceeds other established methods,
practitioners should remain advised that the
use of experimental procedures with
members of the public can be done ethically
only when the examinees are satisfactorily
informed and provided the opportunity to
exercise informed consent regarding whether
they undergo testing with an experimental
method. Continued interest in single
sequence polygraph formats is recommended,
though additional research and development
is needed before this experimental format can
be used in field settings.
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