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The Utah Numerical Scoring System

Brian G. Bell1,  David C. Raskin2, Charles R. Honts3, & John C. Kircher1

Abstract

The Utah method for numerically evaluating polygraph charts is a highly reliable and valid method
for scoring specific-incident, comparison-question tests. For respiration, electrodermal activity (skin
conductance or skin resistance), relative blood pressure (cardiograph), and peripheral vasomotor
activity (finger plethysmograph), a score from +3 to -3 is assigned for each presentation of a
relevant question. The reaction to the relevant question is compared to the reaction to a nearby
comparison (control) question. A positive score is assigned when the psychophysiological reaction is
greater to the comparison question than to the relevant question, a negative score is assigned when
the reaction is greater to the relevant question, and a zero is assigned when the responses to the
relevant and comparison questions are approximately equal. Scores are based on the criteria
described in the present report. Common artifacts that may affect numerical evaluations are
discussed, as are limitations of this scoring system.
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This report describes the Utah method
for numerically evaluating polygraph charts
from specific-incident, comparison-question
tests. The development of the Utah method
was preceded by numerical scoring techniques
introduced by Backster (1969) and the U.S.
Army (Weaver, 1980; 1985). Although these
early scoring systems represented major
improvements over global approaches to chart
evaluation, many of their scoring rules had no
scientific basis and had not been validated by
scientific research. The Backster system in
particular had been shown to be biased
against truthful subjects, (Raskin, 1986) and
consisted of many complex scoring rules that
made it difficult to evaluate polygraph charts
reliably. The Utah system was developed to
simplify the scoring process, reduce bias, and

improve the accuracy of decisions. It consists
of relatively few rules that may be applied with
considerable consistency by different numeri-
cal evaluators after a brief period of training.

The reliability of the Utah scoring
system has been evaluated in several
laboratory experiments at the University of
Utah. The results of five such studies are
summarized in Table 1. On average, the
interrater reliability of the Utah system
exceeded .90, as measured by the correlations
between total numerical scores assigned by
two or more evaluators. The percent
agreement on decisions exceeded 95% when
both numerical evaluators reached a definite
decision. Similar reliabilities between raters
who use the Utah system have been obtained
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in field studies. For example, the interrater
correlation was .94 in a field study by Honts
and Raskin (1988). These reliabilities far
exceed standards of acceptable interrater

reliability for psychological tests as established
by the American Psychological Association
(1985).

Table 1.  Reliability of the Utah System of Numerical Scoring in Laboratory Studies

Study

Agreement on Decisions
Between Original Examiner

and
 Independent  Evaluator*

Correlation Between Numerical
 Scores of Independent

Evaluator
and Original Examiner

Podlesny & Raskin  (1978) 100% .97

Rovner et al. (1979) 95% .97

Kircher & Raskin (1988) 99% .97

Honts et al. (1994) 96% .92

Horowitz et al. (1997) .98** .92

* Includes only cases in which both examiners made a decision (excludes inconclusives)
** Only Kappa was reported in this study.

The validity of the Utah system of
numerical evaluation has also been estab-
lished. Table 2 presents decision accuracies
from several laboratory experiments.
Excluding inconclusive outcomes, the overall
percentage of correct decisions was 91% for
guilty subjects and was 89% for innocent
subjects.

The results from field studies with the
Utah system are consistent with those
reported in Table 2 (Honts & Raskin, 1988;
Raskin, 1976; Raskin, Kircher, Honts, &
Horowitz, 1988). In one field study, two
numerical evaluators independently evaluated
the polygraph charts using the Utah system
(Raskin, 1976). Their decisions were 100%
correct for both guilty and innocent suspects.
In another study, decisions were 92% correct
for guilty suspects and 100% correct for
innocent suspects (Honts & Raskin, 1988).

Overview of the Utah Scoring
System

The Utah scoring system, when used
with the probable-lie and directed-lie

comparison question tests, assigns numerical
scores by assessing differences between
relevant and comparison questions. Scores are
assigned on a 7-point scale that ranges from -
3 to +3. The reaction to a relevant question is
compared to the reaction produced by a
temporally adjacent, comparison question. If a
relevant question was presented between two
comparison questions, its reaction is
compared to the reaction to the comparison
question that produced the stronger physio-
logical response.

For each channel, the relative size of
the reactions to the comparison and relevant
questions is evaluated and quantified. Positive
scores are assigned when the physiological
reaction to the comparison question was
greater than the reaction to the relevant
question.  Negative scores are assigned when
the reaction to the relevant question was
greater, and zero is assigned when reactions to
the relevant and comparison questions are not
noticeably different. In general, a noticeable
difference between the reactions to the
comparison and relevant questions is assigned
a score of 1. A strong, clear difference between
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Table 2. Validity of the Utah System of Numerical Scoring in Laboratory Studies 

Guilty Innocent 

Study N Correct Incorrect Inconclusive % N Correct Incorrect Inconclusive 0/0 
Correct* Correct* 

Raskin & Hare (1978) 24 88% 0% 12% 100% 24 75% 4% 21% 95% 

Podlesny & Raskin (1978) 20 7CPlo 15% 15% 82% 20 9CPlo 5°1o 5°1o 95% 

Rovner et al. (1979)a 24 88% CPlo 12% 10CPlo 24 88% 8% 4% 92% 

Kircher & Raskin (1988) 50 88% 6°1o 6% 94% 50 86% 6% 8% 93% 

Honts et al. (1994) 20 7CPlo 2CPlo lCPlo 78% 20 75% lCPlo 15% 88% 

Horowitz et al. (1997)b 15 53% 2CPlo 27% 73% 15 8CPlo 13% 7% 86% 

* The percent correct was calculated by dividing the number correct by the sum of the number correct and the number incorrect. 

a Excludes 24 countermeasure-trained subjects. 
b Excludes 90 subjects given relevant-irrelevant and directed lie tests. 
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the reactions is assigned a 2. A score of 3 is
assigned when there is a dramatic difference
between the reactions to the two questions,
the tracing is stable, and the stronger
response is the largest on the chart for that
physiological measure.

In a single-issue test, all relevant
questions must be answered truthfully or all
must be answered deceptively. In this case,
the scores for all presentations of relevant
questions are summed. The subject is reported
as deceptive if the total score is -6 or lower,
truthful if the total is +6 or higher, and
inconclusive if the total is between -6 and +6.

For mixed issue tests, such as the
Modified General Question Test, some relevant
questions can be answered truthfully while
others can be answered deceptively. In this
case, a separate total is obtained for each
relevant question. When the total score for a
single relevant question is  -3 or lower, the
subject's answer to that question is considered
deceptive. When the total score for a single
relevant question is +3 or higher, the subject's
answer is considered truthful. When the total
score for a question is between -3 and +3, the
outcome is considered inconclusive. However,
if the total score for all relevant questions
combined is at least +6 or -6, and the total
scores for each relevant question are in the
same direction (all positive or all negative), the
subject is considered truthful or deceptive,
respectively, to each relevant question.

Scoring Criteria

A total of ten scoring criteria are used
to assess the relative strength of physiological
reactions to relevant and comparison
questions. The criteria change depending on
the physiological measure being evaluated.
Scores are assigned to respiration, electro-
dermal, cardiograph, and finger plethysmo-
graph channels.

Respiration
For a given relevant question, changes

in respiration are evaluated first because deep
breaths may affect how other channels are
evaluated. In general, a reaction to a question
is indicated by suppressed respiratory activity.
The greater the suppression, the stronger the
reaction. Suppression is indicated primarily by

a reduction in the amplitude of at least two
successive respiration cycles following
question onset and brief periods of apnea
(cessation of breathing). A rise in the
respiration baseline, as indicated by a rise in
the bottoms of at least two respiration cycles,
is another criterion for scoring a reaction. An
increase in cycle time (slowing of respiration
rate) is also a criterion but is less heavily
weighted than changes in amplitude, apnea,
and baseline increase. Increases in respiratory
activity, such as increased amplitude,
speeding of respiration, and drops in respir-
ation baseline, are not indications of a reaction
and are not criteria for scoring.

Although thoracic and abdominal
respiration are recorded on separate channels
of the polygraph, only one numerical score is
assigned that is based on a composite of both
channels. Respiration reactions to the
comparison and relevant questions are
evaluated by noting the combined amount of
reaction in both respiration channels for the
relevant question and for the comparison
question. A single numerical score is then
assigned based on the difference in the
composite reactions to the relevant and
comparison questions. Thus, the numerical
score for one relevant question may be based
on observed changes in thoracic respiration,
abdominal respiration, or a composite of both,
depending on the total amount of change
observed in the two channels.

Electrodermal Activity
The electrodermal channel is evaluated

next. Numerical scores for electrodermal
activity are based mainly on changes in peak
amplitude. The amplitude of a reaction is
defined as the greatest difference between any
low point and subsequent high point that
occurs within the scoring window (described
below).  Amplitude may be measured by using
the numerical scoring subprogram in the
Stoelting Computerized Polygraph System
(CPS) or a similar system. If only printed or
inked charts are available, the amplitude is
measured with a ruler to the nearest 0.5
millimeter.  For each relevant question, a score
of 1 is assigned if the amplitude of the reaction
to the relevant or comparison question is twice
as large as the amplitude of the reaction to the
other question. A score of 2 is assigned when
the amplitude of the reaction is three times as
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large, and a score of 3 is assigned when the
amplitude is four times as large. However, a
score of 3 may be assigned only when the
baseline is stable and the reaction is the
largest on the chart. The baseline is
considered unstable if there are many
nonspecific electrodermal responses on the
chart. Under those conditions, a score of 3
cannot be assigned.

The duration of the electrodermal
reaction and its complexity (the number of
waves or fluctuations that occur within the
scoring window) are also considered when
scoring the electrodermal channel. Reactions
that have clearly longer duration or greater
complexity may increase the score from 0 to 1
or from 1 to 2. The larger score may be
assigned if the ratio of the amplitudes is at
least 1.5:1 or 2.5:1, and the larger reaction
has longer duration and/or is more complex.
However, a score of 1 or 2 cannot be assigned
if the reactions differ only in duration and/or
complexity, and these criteria are not used to
assign a score of 3.

Cardiograph
For the cardiograph channel, reactions

are measured as rises in the baseline. The
numerical score is based primarily on the
largest rise in the baseline that occurs within
the scoring window. Again, use of a computer-
scoring algorithm, such as the CPS, or a ruler
is recommended for making measurements of
increases in the baseline. A minimum ratio of
1.5 to 1 is required for a score of 1.
Measurements of baseline increases are made
on the diastolic side of the waveform because
the diastolic points show greater change than
the systolic points and are easier to see.
However, increases in the systolic points may
be used if it is unclear whether to assign a 0 or
1 or to assign a 1 or 2 based on the diastolic
points. The duration of the response is also
considered. The rules described above for
electrodermal reactions apply to the
cardiograph; reactions with longer duration
may increase the numerical score from 0 to 1
or from 1 to 2.

Finger Plethysmograph
Peripheral vasomotor activity is mea-

sured from a photoplethysmograph attached
to the tip of the finger. Constriction of blood
vessels in the finger produces a reduction

(constriction) in the amplitude of finger pulses.
Numerical scores are based on the duration
and magnitude of reductions in finger pulse
amplitude. Responses of longer duration
and/or magnitude are assigned larger num-
erical scores. Unlike the cardiograph and
electrodermal channels, scores of 1 or 2 may
be assigned to this response system when
there is little or no difference in the reduction
of pulse amplitude, but there is a clear
difference in the duration of the reactions.

Scoring Windows

For all channels, the response is not
scored unless it begins after question onset.
However, the minimum latency for a response
varies depending on the physiological
measure. Respiratory and cardiograph reac-
tions may be scored if they begin immediately
after question onset. Electrodermal reactions
are scored only if they begin at least 0.5
seconds after question onset, and finger pulse
reactions are scored only if they begin at least
2 seconds after question onset. If a reaction
begins prior to the minimum latency, a point
of inflection or clear increase in slope that
occurs after the minimum latency may be
considered the beginning of the reaction. For
all physiological measures, the reaction must
begin no later than 5 seconds after the
subject's answer, unless the subject
characteristically has reactions that begin 5 to
8 seconds after answering. Such delayed
reactions should be scored conservatively.
Reactions that begin outside these scoring
windows are not scored. The duration of a
reaction that begins within the scoring window
may be considered up to 20 seconds following
question onset.

Distributions of Numerical Scores

We measured the frequency with which
we observed physiological changes that met
the criteria for 'noticeable', 'clear', and
'dramatic' differences in a random sample of
25 innocent and 25 guilty subjects who
participated in a previous experiment (Kircher
& Raskin, 1988). Guilty subjects had
committed a mock theft, innocent subject did
not commit the theft, and all subjects had
been promised a substantial monetary bonus
if they could convince the polygraph examiner
that they were innocent of the crime. The
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charts were scored by the second author
(DCR) who had no contact with the subjects
and was unaware of the subjects' guilt or
innocence. The overall accuracy of decisions
was 95% for guilty subjects and 96% for
innocent subjects. For each physiological
component, each of three relevant questions
was scored against the probable-lie

comparison question that immediately
preceded it on each of three charts. This
provided a sample of 450 numerical scores for
each physiological component (3 relevant
questions X 3 charts X 50 subjects). The
absolute values of these scores are presented
in Figure 1 for each physiological measure.

Figure 1.
Distributions of numerical scores for respiration, electrodermal, cardiograph, and

finger plethysmograph.
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As shown in Figure 1, numerical scores
of '0' were assigned considerably more often
than any other value. It also may be seen that
the frequency with which different numerical
scores were assigned depended on the
physiological measure. More than 70% of the
numerical scores were '0' for the respiration
and plethysmograph channels, whereas
approximately 50% of the scores were '0' for
skin conductance and cardiograph channels.
These results suggest that, on average,
decisions will be based largely on the
numerical scores assigned to the electrodermal
and cardiograph channels.

Although electrodermal and cardio-
graph channels had about the same number
of scorable (nonzero) differences, numerical
scores of 2 or 3 were more common for the
electrodermal channel. Since more scores of 2
and 3 were assigned to the electrodermal
channel, it had more influence than the
cardiograph on the total numerical scores and
the outcomes of the polygraph tests. Together,
the data indicate that the Utah scoring rules
give greater weight to electrodermal reactions
than to cardiovascular, respiration, or plethys-
mograph reactions. The relative weights given
the four physiological measures by the Utah
scoring rules are remarkably consistent with
the optimal combinations of weighted physio-
logical measures that are generated by our
Computerized Polygraph System (CPS) (Kircher
& Raskin, 1991).

It should be noted that scores of 3 were
extremely rare. The rules allow for the
assignment of scores of 3 to any channel, but
in this sample of 450 comparisons, not a
single score of 3 was assigned to respiration,
cardiograph, or plethysmograph channels.

Artifacts

The quality of the tracing is considered
when assigning scores. Artifacts, such as deep
breaths, coughs, movements, and physio-
logical abnormalities, affect how scores are
assigned. To minimize the occurrence of
artifacts, we instruct examinees to avoid
movements and to breathe normally while the
recordings are made. Nevertheless, artifacts
may render the tracings unscorable.

If a deep breath occurs shortly before
question onset, respiration should not be
scored. If the deep breath is accompanied by
physiological changes in other channels, the
other channels may or may not be scored. If
the reaction in the other channel began before
the deep breath, then the portion preceding
the deep breath may be used in scoring if it is
larger than the reaction to the question to
which it is compared. If it is smaller and is to a
comparison question, then another comp-
arison question may be used. The evaluator
should also examine all of the charts for the
subject and locate any other places where a
deep breath occurred, especially at points
where no question had been asked. If there is
a similar physiological change at this point,
then the reaction following the deep breath
must not be used for scoring. If there is no
reaction following the deep breath, then the
reaction may be scored, but it should be
scored conservatively.

If movements distort more than two
successive pulses in the cardiovascular
channels after question onset, the cardio-
vascular changes that occur after the move-
ment should not be scored. If there is a
reaction that precedes the artifact, it may be
used for scoring if it is larger than the reaction
to which it is compared. However, if only one
or two pulses are distorted, it is usually
possible to visually interpolate across the
artifact and infer what the reaction would have
been if the movement had not occurred. If
multiple artifacts occur within the scoring
window, it is usually not possible to score the
response.

Physiological abnormalities, such as
premature ventricular contractions (PVCs),
may also render the cardiovascular reaction
unscorable if they occur in the scoring
window. PVCs are contractions of the left
ventricle that occur before the left atrium has
contracted and filled the left ventricle, causing
very little blood to be pumped into the aorta.
This is followed by a relatively long pause
before the next ventricular contraction. During
this pause, the drop in blood pressure
produces a distinct downward deflection in the
cardiovascular tracing. If two or three PVCs
occur within the scoring window, the signal is
usually so distorted that it is not possible to
score it. However, a cardiovascular reaction
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that occurred before the PVC may be scored. It
is usually also possible to score the reaction if
it contains only one PVC, although the
subsequent rise in the tracing that is the
recovery from the PVC should not be scored as
a reaction.

Limitations

The research that supports the use of
the Utah system of numerical scoring has
been limited to specific-incident examinations.
It has not been validated for employment
screening or periodic testing of employees with
access to sensitive information. Furthermore,
most of our research has focused on the
probable-lie test. Use of the numerical scoring
system with the directed-lie has also been
validated (Honts & Raskin, 1988; Horowitz et
al., 1997), but the relevant-irrelevant and

other types of tests have received almost no
attention.

Most of the laboratory research with
the Utah system has used a single-issue test
that contains three repetitions of neutral,
comparison, and relevant questions in the
question sequence. Other question sequences
or mixed-issue tests have not been tested
extensively in our laboratory, although two
field studies included at least one numerical
evaluator who used the Utah system with the
Modified General Question Test format
(Raskin, 1976; Raskin et. al., 1988), and the
accuracy of those decisions was comparable to
those we have observed in our laboratory
experiments. Therefore, there is evidence that
the validity of the Utah scoring technique
generalizes across similar test formats.
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Table 2.  Validity of the Utah System of Numerical Scoring in Laboratory Studies

        Guilty            Innocent

Study N Correct Incorrect Inconclusive %
Correct*

N Correct Incorrect Inconclusive %
Correct*

Raskin & Hare (1978) 24 88% 0% 12% 100% 24 75% 4% 21% 95%

Podlesny & Raskin (1978) 20 70% 15% 15% 82% 20 90% 5% 5% 95%

Rovner et al. (1979)a 24 88% 0% 12% 100% 24 88% 8% 4% 92%

Kircher & Raskin  (1988) 50 88% 6% 6% 94% 50 86% 6% 8% 93%

Honts et al. (1994) 20 70% 20% 10% 78% 20 75% 10% 15% 88%

Horowitz et al. (1997)b 15 53% 20% 27% 73% 15 80% 13% 7% 86%

* The percent correct was calculated by dividing the number correct by the sum of the number correct and the number incorrect.

a Excludes 24 countermeasure-trained subjects.
b Excludes 90 subjects given relevant-irrelevant and directed lie tests.
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Manually Scoring Polygraph Charts Utilizing the Seven-Position
Numerical Analysis Scale at the Department of Defense Polygraph

Institute

Jimmie Swinford

This documentation sets forth
information on how the seven-position
numerical analysis scale is taught/utilized at
the Department of Defense Polygraph Institute
(DoDPI).   It lists the criteria currently used at
DoDPI for manually scoring all three
physiological parameters recorded on
polygraph charts during the conduct of a
psychophysiological detection of deception
(PDD) examination.  Finally, this document
identifies the DoDPI scoring procedures and
methods utilized for assigning values, ranging
from +1, +2, +3 and 0 to -1, -2 and -3, for the
respiratory, electrodermal activity and
cardiovascular tracings of a comparison
question test (CQT) format.

Background Information

During the manual scoring process of
test data analysis, the PDD examiner
completes several steps before actually
assigning values to recorded physiological
responses.  Initially, the examiner reviews the
physiological data on the charts in an attempt
to determine what an examinee's physiological
tracing looks like while in a state of
homeostasis or equilibrium.  During this
process, the PDD examiner also determines if
there is any unwanted noise on the signal of
interest when a scoreable question
(comparison or relevant) was asked on the
chart.  If unwanted noise on the signal of
interest is present, then a portion, or all, of the
physiological activity recorded during that
question may be unusable during the scoring
process.  However, just because unwanted
noise appears in one of the physiological
parameters does not mean that the other
parameters in that analysis spot cannot be
scored.  For example, if an artifact appears in
the respiratory tracings, they are not scored;

but the electrodermal and cardiovascular
tracings may be scored if they have not been
affected by the artifacted respiratory tracings.
However, if all of the recorded physiological
parameters appear to have been affected by
unwanted noise, that particular question
cannot be utilized during the scoring process.

Next, the examiner scores the charts
using the appropriate analysis spots for that
particular CQT format.  After eliminating chart
excerpts containing artifacts, recovery, and
other unwanted noise, the examiner compares
responses of the relevant question(s) to
responses of the applicable comparison
question(s) by individual physiological
recorded parameters.  Responses are only
scored when there is no unwanted noise on
the signal of interest at the time the stimulus
was presented, and if the responses began
within the response onset window (with
latency exceptions).  Depending on the type of
response, respiratory responses end when
recovery starts, the tracing returns to the
prestimulus baseline or homeostasis returns.
Electrodermal and cardiovascular responses
end when the tracing either:  (1)  returns to
the prestimulus baseline or (2) stabilizes at a
new tonic level.

During the scoring process,
physiological tracings in an analysis spot with
no responses or comparable responses are
assigned a value of "0".  If there is any form of
unwanted noise on the signal of interest that
prevents that signal from being scored, a  "("
(zero with a line through it) is placed on the
score sheet.  In the seven-position scale,
magnitudes of plus and minus values, ranging
from a +1, +2, or +3 to a -1, -2 or -3, are
awarded according to specific analysis
processes for each physiological activity.

The author is an instructor for the Department of Defense Polygraph Institute.
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After values are assigned for each analysis
spot for all the PDD charts collected for an
examination, these values are tallied and
decisions are rendered according to the

specific cut-off scores necessary for a
particular CQT format.  Depending on the type
of CQT or PDD examination, the examiner may
render the following decisions:

Specific Issue CQT Screening CQT

1.  No Opinion   No Opinion

2.  No Deception Indicated  (NDI) No Significant Responses (NSR)

3.  Deception Indicated (DI)  Significant Responses (SR)

Types of Physiological Criteria
Utilized in the Scoring Process

Respiratory Tracing:

This is the display of physiological
activity indicative of an examinee's breathing
pattern that is recorded by a pneumograph
component. The respiratory tracing consists of
inhalation and exhalation cycles.  An
examinee's breathing pattern and rate may
vary due to their physical conditioning.
Normally, during the data collection phase, the
examiner will attach two recording sensors
(pneumograph chest assembly) to the
examinee via some type of device.   Typically,
the pneumograph chest assembly consists of a

convoluted tube, return mechanism, anti-roll
bars, beaded chain or velcro strips and rubber
tubing for connection to the computer sensor
box or analog instrument.  One pneumograph
chest assembly will be placed around the
examinee's upper body area to record the
thoracic breathing pattern.  A second
pneumograph chest assembly will be placed
around the lower abdomen area to record the
abdominal breathing pattern.  When scoring
the respiratory tracings, the PDD examiner
will encounter the following five main
categories of responses:  (1) Changes in rate,
(2) Changes in amplitude, (3) Change of
baseline, (4) Loss of baseline and (5) Apnea.
These five main categories of responses consist
of the following 12 scoreable criteria:

1

R E S P I R A T I O N  R A T E  C H A N G E S

           C r i t e r i a  1 :  R e s p i r a t i o n  R a t e  D e c r e a s e

l      l  -  4
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2

R E S P I R A T I O N  R A T E   C H A N G E S

l      l  -  5

C r i t e r i a  2 :  R e s p i r a t i o n  R a t e  I n c r e a s e

3

R E S P I R A T I O N  R A T E  C H A N G E S

C r i t e r i a  3 :  R e s p i r a t i o n  I n h a l a t i o n /
E x h a l a t i o n  R a t i o  C h a n g e

l      l  -  3

4

R E S P I R A T I O N  A M P L I T U D E  C H A N G E S

l     l  -  7

C r i t e r i a  4 :  R e s p i r a t i o n  A m p l i t u d e  I n c r e a s e
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5

R E S P I R A T I O N  A M P L I T U D E  C H A N G E S

C r i t e r i a  5 :  R e s p i r a t i o n  A m p l i t u d e
D e c r e a s e / S u p p r e s s i o n

1 1 - 5

6

R E S P I R A T I O N  A M P L I T U D E  C H A N G E S

C r i t e r i a  6 :  P r o g r e s s i v e  I n c r e a s e
F o l l o w e d  b y  A  D e c r e a s e

l  l - 3

7

R E S P I R A T I O N  A M P L I T U D E  C H A N G E S

C r i t e r i a  7 :   P r o g r e s s i v e  I n c r e a s e  a n d
R e t u r n  t o  H o m e o s t a s i s

l  l - 5
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8

R E S P I R A T I O N  A M P L I T U D E  C H A N G E S

C r i t e r i a  8 :  P r o g r e s s i v e  D e c r e a s e  a n d

R e t u r n  t o  H o m e o s t a s i s

l    l  -   5

9

R E S P I R A T I O N  B A S E L I N E  C H A N G E

l      l  -  7

l   l -  5

C r i t e r i a  9 :  R e s p i r a t i o n  B a s e l i n e  C h a n g e  
( T e m p o r a r y )

1 0

R E S P I R A T I O N  B A S E L I N E  L O S S

l      l  -  4

l      l  -  4

C r i t e r i a  1 0 :  R e s p i r a t i o n  B a s e l i n e  L o s s  
( P e r m a n e n t )
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1 1

R E S P I R A T I O N  A P N E A

l      l  -  5

l      l  -  7

C r i t e r i a  1 1 :   H o l d i n g

C r i t e r i a  1 2 :   B l o c k i n g

Scoring the Respiratory Tracing

During the process of scoring the
respiratory tracings, the examiner must
accomplish several steps before being able to
score physiological data.  First, the examiner
must decide if a physiological change
(response) has occurred in a timely manner.
To be considered timely, a response should
occur within the response onset window
(typically from stimulus onset until the
examinee's answer or first complete
respiratory cycle after the answer to a reviewed
test question) (latency exceptions excluded).
Even if a physiological change has occurred in
a timely manner, the examiner must also
decide if there was any type of unwanted noise
(artifact, recovery, etc.) on the signal of
interest at the time the stimulus (question)
was applied.  Finally, the examiner must then
determine what constitutes a response to the
stimulus and when compensatory action
(recovery) begins for this response.  In
respiratory tracings, if there is any type of
response to a presented stimulus, there will
generally be some form of recovery

(compensatory action) that will occur before an
examinee's respiratory pattern returns to
equilibrium or homeostasis.  In scoring
respiratory tracings, this is one of the more
difficult determinations for a basic examiner
student to make.  It is imperative to make
these distinctions as response can only be
scored against response.  An examiner cannot
score response against any form of unwanted
noise (i.e., artifact or recovery) or vice versa.

After making the above determinations,
the examiner will award equal value for
different response criteria.  For example, if a
comparison question has a change of baseline
response and the relevant question has a
decrease in amplitude response, then equal
value will be assigned for these criteria in the
scoring process.  In this particular situation, a
score of "0" would be appropriate unless one
response lasted longer (more duration).
Typically, in the seven-position scale, the
examiner will utilize the following guidelines
based on the number of observed physiological
response criteria:
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          Question Type

Comparison Relevant     Assigned Value

0 criteria 0 criteria   0

1 criterion 1 criterion   0 (unless duration is a factor)

1 criterion 0 criteria       +1

1 criterion multiple criteria            - 1

Multiple criteria 0 criteria      +2

0 criteria multiple criteria            - 2

0 criteria dramatically better - 3

In deciding whether a physiological
response for one of the comparative questions
has multiple criteria present, the examiner
cannot decide that a specific response has
multiple criteria if the observed response
would automatically cause another criterion to
be present.  For example, an increase or
decrease in amplitude or apnea will generally

cause a change in rate to occur.  Even though
there may appear to be multiple criteria
present, it cannot be considered multiple
criteria for scoring purposes.  Typically, the
following singular criterion will constitute
multiple criteria when observed in respiratory
tracings:

Singular Criterion                   Multiple Criteria

Amplitude and/or Rate Changes + Apnea or baseline changes 

Change/Loss of Baseline      + Apnea or amplitude/rate change

Apnea                                       + Change or loss of baseline

In the seven-position scale, duration
will generally allow assigning a value of only
+/-1 (no more).  Typically, duration is a factor
only in those situations where one singular
response criterion is compared against
another singular response criterion.  In these
instances, if one response lasts longer (more
duration), then a value of +/- 1 may be
assigned for duration.  However, if one
comparative question has a singular response
while the other comparative response exhibits

multiple criteria, then duration is generally not
a factor.  As a rule, multiple response criteria
will cause more response duration than a
singular criterion.

In scoring the respiratory tracings, the
examiner will rarely assign values higher than
a "0" or +/-1.  Occasionally, an examiner may
assign a value of +/-2 based on physiological
criteria observed in the comparative questions.
Rarely, examiners will assign a value of +/-3.
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To assign a +/-3 value, the physiological
response in one question must be so
dramatically better (multiple criteria for an
extended period) than the response it is being
compared against.

Electrodermal Activity (EDA) Tracing

The EDA tracing is the display of an
examinee's physiological patterns of either
skin resistance or skin conductance of an
exosomatic recording obtained with a
galvanograph component.  During the data
collection phase, the examiner will attach a
sensor to the examinee called the EDA
fingerplate electrode assembly.   Normally, the

fingerplate electrode assembly consists of two
stainless steel plates, with velcro straps, and
shielded cable for connection to the computer
sensor box or analog instrument.  Ideally, the
fingerplates will be placed on two fingers of an
examinee's non-dominant hand.  During the
data collection phase, once the sensor is
attached to an examinee, an external
(exosomatic) electrical signal is applied to the
examinee's skin. The amount of resistance
(skin resistance) that is encountered when the
signal is applied or how freely the electrical
signal travels (skin conductance) is recorded
by the galvanograph component.  The
following criteria will be utilized when scoring
an EDA tracing:

1 2

E L E C T R O D E R M A L  T R A C I N G

l      l  -  4 l    l  -  5 l     l  -  6

C r i t e r i a  1 :   A m p l i t u d e  C h a n g e

1 3

E L E C T R O D E R M A L  T R A C I N G

C r i t e r i a  2 :  C o m p l e x  R e s p o n s e

l   l  - 5 l   l  - 6
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1 4

E L E C T R O D E R M A L  T R A C I N G

C r i t e r i a  3 :   R e s p o n s e  D u r a t i o n

< - - - - - - - - - - - - - - - - - - - - - - - - >
l   l  - 5

Scoring the EDA Tracing

In the seven-position numerical
analysis scale, assigned EDA values are based
on a ratio scale.  This is the only physiological
parameter where a ratio method is used in
scoring the responses.  Because the EDA
component is generally the most responsive of
all the physiological parameters recorded by
the polygraph, the unit of measurement for
determining ratio is generally a vertical chart
division.  If the compared responses are like
responses (i. e., both amplitude or both
complex) and they are equal in amplitude and
duration, then a score of "0" is assigned and
the ratio method is unnecessary.  However, if
one of the compared responses has
significantly more amplitude than the other,
the examiner will utilize the ratio method in
assigning values.  To determine the ratio for
appropriate responses, the smaller response is
divided into the larger response (i. e., six chart
divisions divided by two chart divisions would
be a ratio of 3:1).  Once the ratio of responses
is determined, then values are assigned based
on the following ratio formula:

RATIO SCORE

   4:1 +3/-3

   3:1 +2/-2

   2:1  +1/-1

   1:1       0

As an example, if there is a comparison
question amplitude response of three chart
divisions and a relevant question amplitude
response of seven chart divisions, then the
ratio would be 2.5:1 (7 divided by 3 equals
2.5).  To determine the value for this response
ratio, the examiner would utilize the ratio
scale.  In this case, the value would be a -1
since the larger response occurred in the
relevant question.  When using the ratio scale,
the response must be at or above the
appropriate ratio level to assign a specific
value,  (i. e., to assign a value of +/- 2, the
response ratio must be at the 3:1 ratio level,
etc.)  In the above example, the response ratio
was 2.5:1.  Accordingly, since it was not at the
3:1 ratio level, the assigned score is a -1.

                                   Vs
         (Comparison)                          (Relevant)
       3 Chart Divisions                 7 Chart Divisions  =

Ratio of 2.5:1 =  Score of -1
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There is one exception to the above rule
and that is when the ratio is less than 2:1.
For instance, if there is a comparison question
amplitude response of three chart divisions
and a relevant question amplitude response of
two chart divisions, the ratio is 1.5:1.  If the
ratio method were utilized, the assigned value
would be a "0" since the ratio is less than 2:1.
However, since the comparison response is 1.5
times larger in amplitude than the relevant
question response, it cannot be ignored.  As

such, when the ratio is less than 2:1, the
concept of "bigger is better" applies for the
initial +1/-1 .  In this instance, a score of +1
would be assigned, since the comparison
question response is 1.5 times larger in
amplitude than the relevant question.   The
"bigger is better" concept applies only to the
initial +1 or -1.  Once the compared responses
reach a ratio of 2:1, this concept no longer
applies.

                                         Vs

          (Comparison)                           (Relevant)
        3 Chart Divisions                   2 Chart Divisions

Ratio of 1.5:1       =      Score of +1            (Bigger is Better)

As indicated, all of the above concepts
apply to "like responses", i. e., amplitude
versus amplitude or complexity versus
complexity.  It would be great if examinees
provided "like responses" all the time.
However, as we all know, this does not always
occur.  As such, there must be provisions for
comparing "unlike responses" (amplitude
versus complexity) using the ratio method.  In
certain instances, complexity will allow
assigning a value of +1 or -1 (no more).

When comparing an amplitude
response to a complex response, complexity
will only be considered when both responses
are equal in amplitude or the ratio is less than
2:1.  Once the ratio factor reaches a scale of
2:1, complexity is no longer a consideration
and values are assigned for amplitude ratio.
As an example, when there is a comparison
question with an amplitude response of six
chart divisions and a relevant question with a
complex response of six chart divisions, the
assigned value would be a -1.

                                          Vs

           (Comparison)                         (Relevant)
         6 Chart Divisions               6 Chart Divisions

  Score = -1



Swinford

Polygraph, 1999, 28 (1) 20

If the unlike compared responses are less than
a 2:1 ratio in amplitude and the smaller
response is complex, then the value will be a

"0".  If the larger response is complex, then
complexity is no longer a consideration.  For
example:

                        Vs                                                                  Vs

  (Comparison)             (Relevant)                  (Comparison)           (Relevant)
3 Chart Divisions   2 Chart Divisions        3 Chart Divisions     2 Chart Divisions

                 Score = 0       Score = +1

Once the comparative ratio reaches a
scale of 2:1, complexity is no longer a factor
for consideration.  Values are then assigned

for amplitude responses according to the ratio
scale.   For example:

                                        Vs

              (Comparison)                     (Relevant)
            4 Chart Divisions              2 Chart Divisions

                         Ratio of 2:1 = Score of +1

Other EDA Scoring Considerations:

Duration in "like responses" will allow
assigning a value of +1 or -1 only (no more).
Duration is not a consideration in "unlike
responses" (i. e., amplitude versus complexity)
as  complexity  will   generally  have  more

duration just by the nature of the type of
response.  Therefore, in assigning a value for
duration, the responses must be similar
responses (amplitude versus amplitude or
complexity versus complexity) and they must
be equal or equivalent in amplitude:

                            Vs                             or                         Vs
    (Comparison)            (Relevant)               (Comparison)             (Relevant)
 2 Chart Divisions   2 Chart Divisions      2 Chart Divisions     1.5 Chart Divisions

     Score = -1 (Duration)                                          Score = 0

Something Against Nothing Concept

If one of the questions (comparison or
relevant) has a physiological response, while
the other question in the same analysis spot
has no response (preventing utilization of the
ratio method), then the unit of measurement
(chart division) is utilized for assigning values.

By accomplishing this, an examiner can
always be consistent in assigning values for
the responses being scored.  For instance, if
there are no responses in the comparison
question, while the relevant question has two
chart divisions of amplitude response, a value
of -2 may be assigned (since the unit of
measure is a chart division).  Likewise, if the
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reverse were true, then a value of +2 would
have to be assigned to be consistent in

applying this principle.

                                      Vs
       (Comparison)                         (Relevant)
           (Nothing)                      2 Chart Divisions

 Score = -2

Cardiovascular Tracing

This tracing displays the physiological
patterns of an examinee's relative blood
volume and pulse rate that are recorded by a
cardiograph component.  The contraction and
relaxation of an examinee's heart will cause
the polygraph system (analog or computerized)
to record the systolic stroke (heart
contraction), diastolic stroke (relaxation period
of the heart) and a dicrotic notch, which
appears during the diastolic stroke of the
heart.   During the data collection phase, the
sensor attached to the examiner will normally
be a cardiovascular blood pressure cuff

assembly. Usually, this sensor consists of a
rubber bladder, covered with a cloth sleeve
and tightening component (velcro wrap), pump
bulb assembly which includes a
sphygmomanometer and associated rubber
tubing for connecting the sensor to the
computer sensor box or analog instrument.
When scoring the cardiovascular tracing, the
examiner will normally encounter four main
categories of response.  These are:  (1)
Changes in baseline, (2) Changes in
amplitude, (3) Changes in rate and (4)
Premature ventricular contractions.  These
four main categories of response consist of the
following eight scoreable criteria:

1 5

C A R D I O V A S C U L A R  T R A C I N G  

C r i t e r i a  1 :  P h a s i c  I n c r e a s e  a n d
D e c r e a s e  i n  B a s e l i n e

l   l  -  8

1 6

C A R D I O V A S C U L A R  T R A C I N G  

C r i t e r i a  2 :  T o n i c  I n c r e a s e  i n  B a s e l i n e

l      l  -  9
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1 7

C A R D I O V A S C U L A R  T R A C I N G  

C r i t e r i a  3 :  T o n i c  D e c r e a s e  i n  B a s e l i n e

l      l  -  7

1 8

C A R D I O V A S C U L A R  T R A C I N G  

C r i t e r i a  4 :  I n c r e a s e  i n  A m p l i t u d e

l       l  -  8

1 9

C A R D I O V A S C U L A R  T R A C I N G  

C r i t e r i a  5 :  D e c r e a s e  i n  A m p l i t u d e

l      l  -  7
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2 0

C A R D I O V A S C U L A R  T R A C I N G  

C r i t e r i a  6 :  I n c r e a s e  i n  R a t e

l      l  -  8

2 1

C A R D I O V A S C U L A R  T R A C I N G  

C r i t e r i a  7 :  D e c r e a s e  i n  R a t e

l      l  -  7

2 2

C A R D I O V A S C U L A R  T R A C I N G  

l    l  -  5 l    l  -  6l    l  -  4

l     l  -  7 l     l  -  8 l      l  -  9

C r i t e r i a  8 :  P r e m a t u r e  V e n t r i c u l a r  C o n t r a c t i o n s  ( P V C s )
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Scoring the Cardiovascular Tracing

The primary criteria used in scoring
the cardiovascular tracing will be phasic
increases and returns to baseline (baseline
arousal) (criterion #1).   Generally, the most
common physiological response observed
during a conventional PDD examination is an
increase (arousal) from the baseline level-
usually beginning at or near stimulus onset
and lasting for a few seconds with an eventual
return to the prestimulus tonic level.
However, for some examinees, this response
may last up to 30 seconds or more.   If a
baseline arousal response returns to the
prestimulus level, it is considered a phasic
response.  If there is baseline arousal without
returning to the prestimulus level, it is
considered a tonic response. If there are
physiological changes following both the
comparison and relevant questions within an
analysis spot, greater weight is assigned to the
question that evoked the greater change either
in the amount of (degree) or duration (length)
of baseline change.

Since one of the major factors in
properly using the seven-position scale is
consistency in applying the scoring principles,
the unit of measurement for scoring a phasic
or tonic response is generally a vertical chart
division.  In assigning values, any amount of
visually discernible baseline arousal is
awarded a value of +/- 1.  To reach the +/- 2
level, the cardiovascular response must be at
least two complete vertical chart divisions
more than its comparative response.  Likewise,
for a +/- 3, the response must be at least three
vertical chart divisions more than its
comparative response.

In scoring a phasic response, duration
of baseline arousal must be a consideration.
Generally, duration of a cardiovascular
response will allow assigning a value of +/- 1
only (no more).  If one response has slightly
more baseline arousal, while the other
response has slightly less arousal, but with
more duration, then a score of "0" would be
appropriate.  If both compared responses have
the same amount of baseline arousal, but one
response has more visually discernible
duration, then a value of +/-1 is given to the
response having more duration.  Once a score
of +/- 1 is assigned for baseline arousal in the

cardiovascular tracing, then duration is no
longer a consideration.

Other Considerations in Scoring the
Cardiovascular Tracing

If a score is given for a phasic change
of baseline response, changes in amplitude,
pulse rate and premature ventricular
contractions in the cardiovascular tracing are
generally not scored.  Generally, these criteria
are scored only when there is no baseline
arousal of the cardiovascular tracing.  When
scored, values of  +/- 1 (no more) are awarded
for changes in amplitude, pulse rate and/or
premature ventricular contractions in the
cardiovascular.  Likewise, a value of +/- 1 (no
more) is awarded for a cardiovascular tracing
having a tonic response (increase and/or
decrease in baseline).   Generally, in the
comparison process, cardiovascular responses
having unlike attributes (tonic against phasic;
phasic response against a change in tracing
amplitude with no baseline arousal; etc.) will
result in a value of "0".

If both comparative responses have
equal degrees and duration of baseline
arousal, speed of arousal of the cardiovascular
tracing from the baseline (if visually
discernible) may allow assigning a value of +/-
1 (no more).

If a consistent response is exhibited to
a particular question or a category of
questions-comparisons only or relevants only-
throughout the entire PDD examination,
premature ventricular contractions may be
scored.  If consistency is established, a value
of +/- 1 (no more) may be awarded for
premature ventricular contractions; however,
this cardiovascular criterion is seldom scored
as consistency to a particular question or class
of questions is rarely established.

Glossary of Terms

Analysis Spot - The relevant and comparison
question(s) that are actually evaluated during
spot analysis. The number of appropriate
comparison question(s) for each relevant
question will vary depending on test format
used [i.e., Test for Espionage and Sabotage
(TES) format, Zone Comparison Test (ZCT),
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and Modified General Question Test (MGQT)].
Regardless of the test format, each relevant
question is always compared to the most
appropriate comparison question on a tracing
by tracing basis. If the test format allows a
relevant question to be compared to more than
one comparison question, then the
comparison question with the greater response
for that physiological tracing is used for
comparison purposes.

Artifact  - A change in an examinee's
physiological pattern (activity) that is not
attributable to a reviewed test question
(stimulus) or recovery.

Cardiovascular Tracing - A display of
physiological patterns of an examinee's relative
blood volume and pulse rate that are recorded
by a cardiograph component.  The contraction
and relaxation of an examinee's heart will
cause the polygraph to record the systolic
stroke (heart contraction), diastolic stroke
(relaxation period of the heart) and a dicrotic
notch, which appears during the diastolic
stroke of the heart.   The criteria used to
evaluate this physiological tracing are changes
in baseline, changes in amplitude and changes
in rate.

Comparison Question - A question that is
designed to produce a physiological response.
During spot analysis, the physiological
responses of comparison questions are
compared to the physiological responses of
relevant questions.

Electrodermal Activity (EDA) Tracing - The
display of physiological patterns of either skin
resistance or skin conductance obtained
through exosomatic recording with a
galvanograph component.  When evaluating
this component tracing, the criteria considered
are changes in amplitude, complexity of
response and duration of response.

EDA Recovery Phase - The physiological
activity displayed in an EDA tracing that
occurs between the highest peak and
subsequent return to the prestimulus or newly
established baseline. The EDA recovery phase
begins once the tracing has reached its highest
peak.

EDA Rise Time - The physiological activity
displayed in an EDA tracing beginning with
response onset and ending at the peak.

Homeostasis - A complex interactive
regulatory system by which the body strives to
maintain a state of internal equilibrium.
During test data analysis, the examiner looks
at the physiological tracings to ensure that the
examinee is in a state of homeostasis before a
scoreable test question is presented. If an
examinee's physiological activity is not in a
state of homeostasis (i.e., there is noise on the
signal of interest) when a scoreable question is
presented, then subsequent physiological
activity should not be considered a response to
that stimulus and cannot be scored.

Psychophysiological Detection of Deception
(PDD) Chart -  A graphic representation
containing selected physiological data
generated by an examinee during the data
collection phase of a PDD examination.

PDD Examination - A process that
encompasses all activities that take place
between a PDD examiner and an examinee
during a specific series of interactions.  These
interactions may include the pretest interview,
use of a polygraph to collect physiological data
from an examinee while presenting a series of
tests (data collection phase), test data analysis
phase, and the post-test interview phase,
which may include interrogation of the
examinee.

PDD Examiner - Someone who has
successfully completed formal education and
training in conducting PDD examinations and
is certified by his or her agency to conduct
such examinations.

PDD Series - Collection of PDD charts by
presentation of reviewed test questions to an
examinee the number of times required by a
particular PDD testing format.   A PDD
examination may consist of any number of
PDD series.

PDD Test Data - The signal of interest that
may consist of artifact(s), recovery, other noise
or examinee physiological response(s) to
stimuli.
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PDD Test Data Analysis - Analysis of the
psychophysiological responses recorded on the
PDD chart(s).  For scoring purposes, only data
that are timely with an applied stimulus
(reviewed test question) and free of artifacts
and noise on the signal of interest can be
considered.

Recovery (Returning to Homeostasis) - A
deviation in a PDD tracing attributable to a
physiological phenomenon occurring as a
compensatory action after a response or an
artifact.

Relevant Question - A question that pertains
directly to the matter under investigation or to
the issue(s) for which the examinee is being
tested.

Respiratory Tracing - The display of
physiological patterns indicative of an
examinee's breathing activity as recorded by
the pneumograph component.  The respiratory
tracing consists of inhalation and exhalation
strokes.  An examinee's breathing pattern and
rate may vary due to their physical
conditioning.  Evaluation criteria considered
during the scoring process are changes in
amplitude, apnea, changes in rate, changes in
baseline, and loss of baseline.

Response - A physiological change that occurs
following, and is attributable to, the
presentation of an applied stimulus (i.e.,
reviewed test question).  Responses are
evaluated when they occur within the
response onset window (latency exceptions)
and there is no noise on the signal of interest
at the time the stimulus is presented.  A
phasic response is a discrete (known origin)
response to a specific stimulus that is
generally seen as an upward movement from
the baseline with subsequent return to the
prestimulus (original) baseline.  A tonic
response is a discrete (known origin) response
to a specific stimulus that is generally seen as
a movement from the prestimulus baseline
and establishment of a new baseline without
returning to the prestimulus baseline.

Response Amplitude - The displayed
physiological activity reflected in a PDD
tracing occurring between response onset and
response peak (highest level from prestimulus
baseline).

Response Duration - The physiological
activity (time) displayed between response
onset and offset. Typically, this is the time
from response onset until return to the
prestimulus baseline (phasic response) or a
newly established baseline (tonic response).

Response Latency - The time between
stimulus onset and response onset.

Response Onset - The first indication of
change from the prestimulus level of
physiological activity to an applied stimulus
(reviewed test question).  To be utilized during
test data analysis, unless latency is involved,
response onset must occur within the
response onset window to an applied stimulus
(reviewed test question).

Response Onset Window - The period of time
between stimulus onset (verbal) and an
examinee's verbal response to that stimulus
(assuming an examinee's verbal response
occurs in a timely manner). Typically, to be
considered during test data analysis, an
examinee's physiological responses should
occur during that period.  However, if an
examinee consistently exhibits response
latencies that are outside of this response
onset window, the response onset window may
be increased to include an examinee's
consistent late responding.

Spot Analysis Concept - The procedure
wherein each component tracing is separately
evaluated by comparing the response of a
relevant question to the response of a
comparison question.

Stimulus Onset - During data collection, this
is the beginning of the presentation of the first
word of a reviewed question.

Tonic Level - An examinee's level of
physiological activity occurring prior to
stimulus onset. This is sometimes referred to
as the resting or baseline activity level. Tonic
level describes a person's physiological activity
when resting.

Unwanted (Excessive) Noise on Signal of
Interest -  Any noise (physiological activity)
that should prevent a stimulus (scoreable test
question) from being presented during the
data collection phase. If an examiner asks a
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scoreable question when there is unwanted
noise on the signal of interest, this may
prevent that question from being utilized
during the scoring process. However,
unwanted noise on one physiological tracing
may not prevent other tracings in that same
analysis spot from being evaluated. For

example, unwanted noise on the respiratory
tracings may prevent them from being
evaluated.  However, during the analysis
process for that scoreable question, if the
cardiovascular and/or EDA tracings are
unaffected by the unwanted noise, they may
be used for evaluation.
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Development of Deception Criteria Prior to 1950

Norman Ansley

Abstract

This is a review of the literature published up to 1950 that contributed to the current list of
physiological responses considered deception criteria.  Even making allowances for differences in
terminology, there are deception criteria in the current DoDPI list that had not been observed, or if
observed, not described before 1950.  An appendix describes Luria’s motor movement technique
and Wertheimer’s word association test.  As means of detecting deception, both were discontinued
before 1950.

Key words:  cardiovascular, deception criteria, electrodermal, motor movement, polygraph history,
respiration, terminology, word association.

This is a review of the literature
published up to 1950 that contributed to the
current list of physiological responses
considered deception criteria.  That year
marked the halfway point for the development
of polygraph testing, as we know it in 1999.  In
1950 that only formal polygraph training was
at the Keeler Polygraph Institute, and most
examiners were preceptor trained or self-
taught.  Most of the instruments were two-
channel (cardiograph and pneumograph)
mechanical units, although there were some
with electrodermal units.  The most widely
used technique was relevant-irrelevant.  A few
examiners used one or the other of two
published Control Question techniques, one
published by Summers (1939), and the other
by Inbau (1948).  Among the many short-
comings in 1950 was a lack of agreement on
what constituted deception criteria.  Add
inadequate chart markings, and that indepen-
dent analysis of someone else’s charts was
difficult, and the results were problematic.

In 1950, Charles M. Wilson, president
of the International Society for the Detection of
Deception (ISDD), was asked, “Should graphs
be released or shown after the test?”  Wilson’s
reply was printed in the ISDD Bulletin.  He said
that in his experience he never released an
original record to anyone.  He did not think
making copies a good policy since possession

of the record by an untrained operator
represents the first step in the direction of
perversion and quackery.  Wilson said the
charts mean nothing to anyone who was not
present when the tests were run, and the only
use to which they could be put was to cloud
the issue (Wilson 1950).

If one examiner could not reliably read
charts from another examiner, what did they
know about chart interpretation in 1950?  In
this paper we list sixteen studies or reports
which included something on deception
criteria.  The sixteen studies or texts did not
discuss rank order scoring, only two had a
form of numerical analysis, and computers
were not yet useful machines.  Taking the
Department of Defense Polygraph Institute
(DoDPI) list as state of the art for hand scoring
in 1999, how many of the criteria had been
identified by 1950?  In the pneumograph
tracing, DoDPI lists 12 items.  Seven had been
identified by 1950:  I/E ratio change,
amplitude increase, amplitude decrease/
suppression, amplitude progressive decrease
and return to homeostasis, respiration
baseline change – temporary, baseline change
– permanent, and apnea – blocking.  By 1950,
they had not yet observed respiration rate
increase, rate decrease, respiration amplitude
progressive increase followed by decrease,
amplitude progressive increase and return
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to homeostasis, and apnea – holding.
Considering terminology, they might have seen
the difference between holding and blocking
but did not think the difference mattered.
Some of today’s examiners might have trouble
recognizing DoDPI’s more exact definitions of
staircases up, staircases down, and staircases
up and down.  DoDPI lists three criteria under
electrodermal, and two, amplitude and
duration, were in the pre-1950 literature.
Only the complex response, which some
examiners call a saddle, was not mentioned.
DoDPI includes eight deception criteria under
cardiograph including premature ventricular
contractions which were not listed prior to
1950, but some would say should not be listed
now.  Of the seven others on the list, six were
known:  phasic increase and decrease in
baseline, tonic increase in baseline, tonic
decrease in baseline, pulse rate increase, pulse
rate decrease, and decrease in amplitude of
the tracing.  The one lacking in 1950 was the
increase of the amplitude of the tracing.  It
would appear that the well-informed examiner
of 1950 had enough deception criteria to
decide most of his cases, but the more we go
back in time, the less he had.  The cumulative
growth of a body of technical and scientific
knowledge is a vital part of a profession.  In
the text that follows we will see the
development of knowledge.

One wonders if the pioneers in
instrumental detection of deception knew of
Daniel Defoe’s proposal to take the pulse of a
suspected thief.  One would think he was
discussing a modern polygraph problem when
he observed, “It may be true that this
discovery by the pulsation of the blood cannot
be brought to a certainty, and therefore it is
not to be brought into evidence; but I insist, if
it be duly and skillfully observed, it may be
brought to be allowed for a just addition to
other circumstances, especially if concurring
with other just grounds of suspicion.” (1730)
(Moore 1955).

Cesare Lombroso (1911) mentions a
case in which he used his recording hydro-
sphygmograph.  His apparatus measured
blood volume and pulse rate.  He reports, “The
same apathy persisted when he was spoken to
of the robbery on the railroad, while there was
an enormous depression – a fall of 14mm –
when the Torelli theft was mentioned.  I

concluded, that he had no part in the railway
robbery, but he had certainly participated in
the Torelli affair; and my conclusions were
completely verified.”  Here we have a measure
of a cardiovascular reaction, and a verified
decision.

In 1914, Vittorio Benussi published the
results of an experiment relating to the
symptoms of lying in respiration.  At the
University of Graz in Leipzig, Benussi had
subjects read aloud five statements, some of
which were coded and not to be read as stated.
Half of the items in the 80 experiments were to
be lied about.  Panels of witnesses made
judgments as to when subjects were lying, and
when they were telling the truth.  Using a
Marey pneumograph which recorded on a
polygraph, Benussi measured the distance
between the beginning and end (length) of
each of three, four, or five cycles of breathing
after the subject spoke.  For each cycle of
breathing Benussi measured the length (time)
of the inspiration (I) and the length of the
expiration (E), and calculated the ratio (I/E)
for each of the cycles before and after the
statement.  He found that lying produced
greater I/E ratios than truthfulness.  Of the 80
experiments, I/E analysis resulted in one false
positive error and one false negative error, for
a total accuracy of 97.5%.  The average panel
accuracy was 56% for truthful and 58% for
deceptive statements.  This experiment attrac-
ted the attention of Marston, Larson, and
others to the diagnostic value of a respiratory
recording.  Also, the I/E ratio has remained on
the deception criteria lists of the DoD
Polygraph Institute, The Maryland Institute of
Criminal Justice, and other polygraph schools
and courses.

John A. Larson (1923) had experience
in hundreds of criminal cases as a basis for
his description of deception criteria.  Larson
recorded a continuous cardiograph and
pneumograph pattern on a smoked drum
apparatus, and observed that the record of the
innocent suspect will usually vary but slightly,
if at all, from its normal.  In describing some
guilty test results, Larson describes repression
in the pneumograph tracing, and the accom-
panying chart illustration shows a rise and fall
in the cardiograph pattern of the confirmed
deception.  In another chart we see supp-
ression, loss of baseline, and changes in the
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I/E ratio and rhythm and regularity in the
pneumograph and a rise and fall in the
cardiograph tracing, but his text does not
describe this illustration.  Larson notes that
the cardiac curve is usually more significant
than the respiratory curve.  In the description
of a chart, Larson writes of the extreme
blocking effect of deception.  In one chart
Larson described deception causing a drop in
the blood pressure curve with the obliteration
of the pulsations.  In addition, there was an
increase in frequency.  Describing another
chart segment with a lie, Larson notes in both
the cardiac and respiratory curves there was
repression.  Larson states the following
changes have been observed as the effect of
deception.  These changes may occur in both
the cardiac and the respiratory curves or in
one alone, more frequently in the cardiac
action:

1.  Increase in blood pressure – a rise.

2.  Decrease in blood pressure.

3.  Increase in height.

4.  Increase in frequency.

5.  Summative effects.

6.  Incomplete inhibition.

7.  Complete inhibitory effect.

8.  Irregular fluctuations, especially
noticeable at the base of each cardiac
pulsation.

9.  Combination of any of the above
effects in the same individual.

10.  These changes may occur with
but little latent period, or then may be
accumulative in effect and more generally
distributed.

Leonarde Keeler (1930) wanted to
compare the peak of tension polygraph
technique with the word association method.
Seventy-five subjects took a one-chart peak of
tension on which of ten cards they had
chosen.  If the chosen card, placed by chance,
was first or last in the sequence, the test was
repeated in a different sequence.  The

deception criteria were a rise in blood pressure
followed by a release in tension after the
chosen card, and the greatest suppression in
the respiratory tracing.  There were 71 correct
decisions of 75 (95%) on the first trial.  Post-
test interviews attributed the failures to a lack
of interest or concern which resulted in a lack
of responses.  Here we have pneumograph
suppression and a rise and relief in the
cardiograph pattern established as valid
deception criteria.  By comparison, the word
association test of 30 students was correct in
19 (63%).  For results of another comparison
see the work of John E. Winter (1936) in a
dormitory theft case.

Professor John E. Winter (1936)
investigated thefts in the women’s dormitories
at West Virginia University with two methods:
Jung’s word association test with a chrono-
scope for reaction time, and a Larson type
polygraph test employing respiratory and
cardiovascular measures, from separate
devices.  The breathing curve was rated as
regular or irregular; light or deep.  The blood
pressure curve was rated as regular or
irregular, and medium or strong.  Winter gave
three levels of significance to the results of
each of the methods:  0 for no significance,
“nothing to indicate guilt;” 1 for “some
significance and points in direction of guilt;”
and 2 for “distinct signs of guilt.”  There were
25 women suspects and each received two
Larson type tests, with consistent responses
except for the culprit.  The first test of each
subject was labeled practice.  From the
respiration recording there were 24 zeros,
including the thief, who confessed.  On her
practice she scored a 2 on her cardiograph
curve, the only one to do so.  She was given a
post-confession test where she again scored a
2 on the cardiograph curve. This may be the
first case of numerical scoring.  Word
association cleared 19 innocent suspects, and
had the thief among the five who scored a 1.

Winter’s polygraph apparatus was
reported as “an ordinary pneumograph, a
Baumanometer, an improved form of the
Erlanger capsule for high and low air
pressure, and a MacKenzie polygraph for a
continuous record of breathing and heart
action.”  For a picture and description of the
MacKenzie polygraph, see Polygraph (1992)
21(4) 349-350.
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C.D. Lee wrote an article, “The Lie
Detector,” published in the September, 1937
issue of the Fingerprint and Identification
Magazine.  Lee illustrates the article with a
picture of a chart from the examination of
Jerone Selz who confessed to murder after the
test.  There was a double rise and fall in the
cardiograph pattern and suppressed res-
piration following the question, “Did you kill
Mrs. Rice?”  The remainder of the article is
about the instrument and testing.

Leon G. Turrou (1938) in his book Nazi
Spies in America describes several polygraph
examinations given to suspects and witnesses
involved in a German espionage ring.   Turrou
describes how the instrument functions
(cardiograph and pneumograph), then quotes
Keeler on the procedure.  Eight suspects or
witnesses were tested.  Because many
questions were asked each examinee, a system
of asterisks was devised to give some
indication of results.  In the report, one
asterisk after a question indicated a mild
emotional reaction, two a strong emotional
reaction, and three asterisks, quite an
emotional reaction, “such as would be found
when the subject is telling a whopper.”  One
examinee was asked nine relevant questions.
There were no asterisks behind four of the
questions, two asterisks behind one question,
and three asterisks behind four questions; a
split call from a multiple issue relevant-
irrelevant test format.  During the testing of a
suspect, 18 relevants were asked, and in the
report there were no asterisks behind five of
the relevant questions, one asterisk behind
four of the relevants, two asterisks behind five
relevants, and three asterisks behind four
relevants.  This evaluation of the charts was
unusual, at least unusual to appear in the
report.  In reality, the asterisks were a
numerical system, zero to three, for each
question.

William M. Marston published a book
in 1938.  Under the heading “Judging a
Polygraph Record,” Marston states that
changes in the blood pressure are the chief
and only dependable criterion of deception.
This is shown by the shifting of the entire
mass of pulse tracings toward the upper edge
of the recording strip.  Variations in the pulse
are not significant.  Regarding breathing,
Marston said marked changes in respiration

tracings that accompany changes in the blood
pressure justify a judgment of deception.  He
noted that Benussi’s breathing ratios are
probably extremely significant of lying, but it
has never proved practical.  Marston said a
sudden hump in the breathing record may be
meaningful, as may a “shoulder” in either the
inspiration or expiration tracing.  Also indica-
tive is a sudden irregularity indicating a
“catching of the breath,” or an unaccountable
flattening out of the whole respiration tracing
indicating an extended series of shallow
breaths.

The Reverend Walter G. Summers,
S.J., prepared a paper on his work before his
death on September 24, 1938.  Published in
1939, it describes a sophisticated test format
and means of chart analysis.  In a theft cases
there would be three relevant questions.  In
sequence the questions asked about
knowledge, guilt, and possession.  Called
“significant” questions, examples were, “Do
you know who took the money?”, “Did you
take the money?”, and “Have you the money
on your person?”  He said that within one
record there were usually included three
different but related significant questions,
each of which was asked three times.
Interspersed among the non-significant ques-
tions (irrelevants) are emotional standard
questions (controls).  An emotional standard
question precedes each significant question.
The format is three pairs of control-relevant
question, with irrelevants put in as needed.
Examples of irrelevants were “Are you wearing
a black coat?” and “Did you eat breakfast this
morning?”  Examples of emotional standards,
developed after extensive interviewing of the
examinee were:  “Where you ever arrested?”
and “Do you own a revolver?”

The analytical system is modern.
Summers said  “…we contrast and compare
the reactions to the significant questions with
the reactions to the emotional standards.  If
the reactions to the significant questions are
consistently greater than the deflections to the
emotional standards, the individual is
consciously trying to deceive the examiner.  If,
on the other hand, the deflections to the
critical questions are not consistently greater
than those to the emotional standards, the
individual is truthfully expressing his state of
mind.  This is the essential criterion of
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interpretation.”  Professor Summers used a
recording galvanometer, the Fordham Patho-
meter, which he manufactured.  A letter to the
author from William E. Kirwan in 1952,
indicated the New York State Troopers
Scientific Laboratory was still using the
Summer’s technique, with excellent results
(Kirwan 1952).  Summers, who conducted
laboratory and criminal cases, established the
control question test concept, including the
analytic procedure (Summers 1939).

Paul Trovillo (1942) wrote what is
probably the first treatise on the topic of
deception test criteria.  The illustrations were
taken from real cases.  Although the
electrodermal unit was not widely used, there
is a good section of illustrations of GSR
tracings.  For the cardiograph he lists and
illustrates:

1.  Common form of blood pressure
rise (and return to baseline).

2.  Blood pressure increase. . .
complicated by cyclical increase
throughout the graph.

3.  Rapid rise and decline in blood
pressure, accompanied by obliteration of
pulse amplitude.

4.  Gradual increase in blood
pressure.

5.  Constriction of pulse amplitude
and gradual rise in blood pressure.

6.  Slight rise accompanied by rapid
decline in blood pressure.

7.  Peak of tension.

8.  Rapid changes in heart rhythm.

9.  Another form of change in heart
rhythm (includes general pulse
irregularity).

10.  Complication of deception pattern
– increase in blood pressure and return to
baseline, variations in pulse frequency,
and reduction of pulse amplitude.

11.  Reduction in pulse amplitude.

For the respiration tracing, he lists and
illustrates:

1.  Suppression at point of deception.

2.  Respiratory block.

3.  Rise in baseline.

4.  Respiratory suppression preceding
deception stimulus, followed by deeper
respiration at point of deception.

5.  Regularity of respiration up to and
through the deception stimulus, followed
by irregular respiration.

6.  Respiratory irregularities up to
point of deception, followed by regular
respiration.

For the electrodermal he lists and
illustrates:

1.  Comparatively large area of
reaction at point of deception.

2.  Comparatively large magnitude of
reaction at point of deception.

3.  Peak of tension test (experimental
age test), reactions to each age up to and
including the point of deception, then
none.

4.  Peak of tension card test.  The only
large reaction.

5.  Peak of tension.  Pattern at
deception different from patterns at
truthful answers.

6.  Gradual rise in the electrodermal
pattern.

Trovillo then lists and illustrates what
he calls ambiguities in the records.  In the
cardiograph tracing he shows the effect of
body movements, a deep breath, general
excitement, increase in blood pressure even at
irrelevant questions, an absence of blood
pressure and pulse rate changes during lying,
inconsistency of reactions on questions
involving guilt, startle response of innocent
subjects, and a cardiac irregularity.
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For ambiguous respiratory patterns he
lists and illustrates:  deception-like supp-
ression found among some innocent
examinees, effects of superfluous talking and
physical movement, erratic breathing of an
innocent person from great fear, a deep breath
taken deliberately to obliterate suppression,
normal shallow breathing following a deep
breath, effect of sinus congestion, lack of
response in known guilty subject, and
respiratory tremor found in both relevant and
irrelevant questions by an excited person.

For the ambiguous electrodermal
patterns he lists and illustrates:  over-activity
of the reaction, effects of bodily movement,
effect of deep breath at the very moment of
response, unresponsiveness in guilty subject,
inconsistent reactions in guilty subject, and
guilt reactions in innocent persons.

In 1942, Fred E. Inbau published the
first of his three books on  Lie Detection and
Criminal Interrogation.  The techniques were
relevant-irrelevant and peak of tension.  In the
section on deception criteria he notes that the
criteria differ somewhat for the two
techniques.  For the cardiograph he mentions
an increase in blood pressure and the
illustration shows it returning to baseline after
first going below the baseline.  Other criteria
include a sharp drop in blood pressure, and
slowing of the pulse rate.  For the respiration
pattern he lists suppression, and heavy
breathing about twenty or twenty-five seconds
after the reply to a question.  Inbau writes
about the EDA and the lack of knowledge
about it, and concludes that electrodermal
tracings alone cannot be considered as
adequate for deception diagnosis, but it may
be occasionally helpful as an adjunct to the
other recordings.

In 1943, C.D. Lee prepared an
Instruction Manual for the Berkeley Polygraph.
It is a complete text on conducting examin-
ations and reading the charts.  The methods
are relevant-irrelevant and peak of tension.
He notes the pattern of the innocent is one of
regularity and uniformity with no marked
difference between the effect produced by
neutral questions and those related to the
crime.  The tension may remain constant,
decrease, fluctuate slightly, but seldom
increase.  In the guilty, the tension is lacking

in regularity and uniformity.  Illustrations
show a phasic rise and fall of the cardiograph
pattern associated with deception.  In the
pneumograph, he shows repressed breathing,
followed later by a sigh of relief.  Most of the
illustrations were of the cardiograph pattern,
and the rise and fall of the cardiograph pattern
is clearly the primary indication of deception.

Joseph W. Haney (1944) was a forensic
psychologist and experienced polygraph
examiner in the Chicago Crime Laboratory.
He was interested in the catalogue of
deception criteria by Paul V. Trovillo.  Haney
wondered if the respiration responses des-
cribed by Trovillo might not be produced by a
nondeceptive mental task as well as deception.
Haney did that, producing charts with
blocking (apnea), suppression, and baseline
rises.  Haney suggested that before using
these as deception criteria, one should see if
they occur also at irrelevant questions.

In 1948, Fred E. Inbau published the
second edition of his book Lie Detection and
Criminal Interrogation.  In addition to the
relevant-irrelevant and peak of tension tests
there was the Reid control question test.  The
section on deception criteria has not changed
in a significant way.  For the cardiograph,
Inbau mentions an increase in blood pressure,
and the illustration shows it returning to
baseline after first dropping below the
baseline.  Other criteria include a sharp drop
in blood pressure, and slowing of the pulse
rate.  For the respiration system he lists
suppression, and heavy breathing about
twenty or twenty-five seconds after the reply to
a question.  In regard to the electrodermal
channel, the author said electrodermal
responses have been found to be of little
practical value in diagnosing deception.

Baesen, Chung & Yang (1948-1949) tell
us the chart criteria they used in a laboratory
research project employing a two-channel
Keeler polygraph.  They used pulse rate
changes, sudden and delayed drops in blood
pressure, duration of rise and fall in blood
pressure, and location of the dicrotic notch.
Notice was taken of changes in respiration
baseline, blocking and suppression of
respiration either prior to, during, or immed-
iately following the question.
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In 1950, Colonel Ralph W. Pierce,
president of Leonarde Keeler, Inc. was writing
about the use of the peak of tension test.  He
wrote, “One man reacted to this test, his blood
pressure rising until the question concerning
the German Luger was asked, then falling off.
He also showed marked irregularity in his
breathing up to the question about Luger,
followed by regularity to the end of the test.
The galvanometer pen also rose sharply at the
question concerning the Luger.  This man also
reacted similarly to the other tests referring to
the disposition of the gun, its condition, etc.”
The examinee confessed to the crime.  Colonel
Pierce’s description has tonic changes in the
cardiograph and pneumograph tracings, but a
phasic response in the electrodermal, channel
showing a combination of deception criteria.

Abandoned Methods for Detecting
Deception

In the period before 1950 there were
two techniques that were subject to
considerable research as means for detecting
deception.  Their criteria for deception were
not related to the methods in the polygraph
technique.

Luria (1930, 1932) developed a lie
detection method that involved tremors and

motor movement.  It received some research
attention in the United States but was not
used in criminal cases (Berrien, 1939; Morgan
& Ojemann 1942).

From the turn of the century into the
1930s the word association test was
considered a method for detecting guilt in
criminal cases (Wertheimer & Klein 1904,
Jung 1919).  However, Larson (1922) found
“the association words with time reaction do
not give as satisfactory results as the cardio-
respiratory changes.”  Larson added, “We can
say this definitely in cases where the suspect
has subsequently confessed where, although
there were marked and striking changes in the
tracings, the findings by association method
were not significant.”  Keeler (1930) found the
association method performed poorly when
compared to polygraph test results.  Winter
(1936) in a real case of theft involving 25
students, found the association method had
the thief among five in a narrowed pool of
suspects, but his cardio-pneumo method
identified the culprit, followed by a confession.
Although word association with reaction time
remains as a psychological tool, its use in
solving crime has disappeared.
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Attachment 1
Deception Criteria for Lie Detection Pioneers

Defoe Lombroso Benussi Larson Keeler Winter Lee Turrou Marston Summers Trovillo Inbau Lee Haney Inbau Baesen
et al

Pierce

1730 1911 1914 1923 1930 1936 1937 1938 1938 1939 1942 1942 1943 1944 1948 1949 1950

Respiratory
rate decrease

rate increase
I/E ratio change X X
amplitude increase X X X X X X
amplitude decrease-suppression X X X X X X X X X X
progressive increase - decrease
progressive increase and return
progressive decrease and return X
baseline change - temporary X
baseline change - permanent X X X
apnea - holding (inhalation)
apnea - holding (exhalation) X X X X

Electrodermal
amplitude change X X X
complex response
response duration and return X

Cardiovascular
baseline increase and decrease X X X X X X X X
baseline increase X X X X
baseline decrease X X X X X
amplitude increase
amplitude decrease X
pulse rate increase X X X X
pulse rate decrease X X X
PVCs

Numerical analysis X X
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Numerical Evaluation of the Army Zone Comparison Test

Gary D. Light

Abstract

This study involved a comparison between the spot-totaling and cumulative numerical evaluation
procedures with the zone comparison test (ZCT) as applied by the United States Army Criminal
Investigation Command (USACIDC) polygraph program.  The examinations utilized for this research
were conducted 1 January through 31 March 1991.  Subsequently, the USACIDC polygraph
program replicated this research with data from the calendar year 1997, and these data were
incorporated into this study.   The cumulative test data analysis procedure was applied to the ZCT
examinations from both time periods. A total of 358 confirmed deceptive examinations were
identified.  The cumulative evaluation procedure correctly identified 241 (67%) of the confirmed
deceptive examinations while 107 examinations (30%) would have been classified as no opinion and
ten examinations (3%) would have been classified as false negatives.  Based upon these findings, it
would appear that the cost of the cumulative evaluation procedure in terms of utility and accuracy
of the PDD process (30% no opinion) is too significant for an agency supporting a law enforcement
mission to accept.

In 1961, the ZCT, as developed by
Cleve Backster, was adopted by USACIDC for
use in polygraph examinations of criminal
suspects (Brisentine, 1991).  In 1962, with the
permission and assistance of Cleve Backster,
the ZCT was incorporated into the formal
lesson plan of the Polygraph School, United
States Army Military Police School (USAMPS),
Fort Gordon, GA (Decker, 1991). The ZCT,
with certain modifications, is still being taught
at the Department of Defense Polygraph
Institute (DoDPI) (Cole, 1991)].  This
questioning format of the ZCT is referred to as
the "Army" ZCT.  One modification of the
original ZCT protocol incorporated by
USACIDC and USAMPS was a change in the
procedure for test data analysis (scoring).  The
numerical evaluation of the ZCT was taught in
two formats at USAMPS (Sneed, 1991).
Originally, the numerical evaluation of the test
data was based solely on the overall sum of
the spot totals, referred to as "cumulative
scoring" (Brisentine, 1991). The second
numerical evaluation procedure, as taught at
USAMPS and currently at DoDPI, is referred to
as "spot-totaling".  USAMPS adopted the spot-

totaling procedure after a review of numerous
criminal specific examinations.  During the
USAMPS review, it was found that the
cumulative method of chart evaluation was
incorrectly assigning deceptive examinees No
Opinion (NO) classifications (Sneed, 1991).

In the ZCT, a spot is the pairing of a
relevant and comparison questions in which
the physiological responses are compared
component by component against one another,
and a whole number value between –3 and +3
is assigned to each spot for each component.
The difference between spot-totaling and the
cumulative evaluation procedure is the
decision rule.  The spot-totaling numerical
evaluation procedure results in a determin-
ation of non-deception indicated (NDI) if the
sum of all spot-totals greater than +5, with a
positive score occurring in each spot.  The
classification of Deception Indicated (DI) is
made if the overall total is less than –5, or if
the evaluation of any relevant question (spot-
total) is -3 or less, regardless of the grand sum
of all spot-totals.  A classification of NO is
rendered when an the grand sum for the

The author was the supervisor of the quality control section of the USACIDC polygraph program in 1991, when this project
was originally completed.  The project was intended to review the utility of the spot-total analysis procedure for the USACIDC
polygraph program for internal purposes, but not for publication. Mr. Milton O. Webb, current supervisor of the quality
control section, USCIDC polygraph program, suggested that 1997 data be included.  The author is grateful for the editing of
Ms. Sheila Thomas,  DoDPI.  This document is submitted for publication with the permission of the USACIDC polygraph
program.
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examination falls between +6 and –6, or an
examination has a spot-total of 0 to minus -2,
regardless of the cumulative total.

The cumulative numerical evaluation
procedure results in a determination of NDI if
the sum of all of the spot-totals is +6 or
greater.  The classification of DI is rendered if
the sum of the spot-totals is -6 or less.  A
classification of NO is rendered when the sum
of the spot-totals is between +6 and -6.  No
decision is based on the score of an individual
relevant question.

The ZCT is used in approximately half
of the polygraph examinations conducted by
the USACIDC polygraph program. Between
1980 and 1990, USACIDC conducted
approximately 15,839 field examinations of
criminal suspects utilizing the ZCT.  During
this period 76% of these examinations were
confirmed as deceptive.  Further, between
1980 and 1990, USACIDC maintained a
confession rate of 70% of those examinations
in which the suspect was called DI using
USACIDC spot-totaling scoring rules.  Since
1966, USACIDC has utilized the spot-totaling
method exclusively  for chart evaluation
(Brisentine, 1991).

The research study of Capps and
Ansley (1991) indicated that polygraph
examinations utilizing the spot-totaling
method of numerical evaluation might result
in a significant number of false positive
examinations.  In this study, Capps and
Ansley used confirmed polygraph examin-
ations that were numerically evaluated, and
opinions that were based upon the cumulative
totaling procedure.  In this research, an
opinion of NDI was rendered even when spot-
totals were in the minus ranges. The Capps
and Ansley research reported that when
utilizing spot-totaling rules, the false positive
error is not as readily identified. The research
indicated that by "classifying in this way
(cumulative totaling procedure), false positive
errors that may have come into existence by
use of the spot rule are identified" (Capps and
Ansley, 1991).

In 1985, Richard Weaver, utilizing 15
criminal specific examinations retrieved from
the Wisconsin State Crime Laboratory, applied
the Backster, Utah and USAMPS numerical

evaluation procedures.  The results of these
evaluation procedures indicated that although
there was no significant difference in the
opinions rendered when similar classification
procedures (Utah and USAMPS) were utilized,
a significant difference occurred when the
weaker comparison question was compared to
a relevant question.   These findings indicate
that the method of evaluating the test data can
affect ZCT decisions.

Method

This research project was originally
initiated in response to the research project of
Capps and Ansley (1991), that indicated that
the cumulative evaluation process might be a
more appropriate method of evaluation for the
ZCT by a government agency.  Specifically, the
USACIDC polygraph program evaluated the
spot-total and the cumulative evaluation
procedures to determine which would be the
most appropriate for that agency.  The original
research and report were completed in 1991,
based upon the review of all DI examinations
conducted by the USACIDC polygraph
program between 1 January and 31 March
1991, utilizing the ZCT question format as
taught at USAMPS.  The 1991 research was an
internal review of existing PDD procedures
with no intent of publishing the results. In
1998, it was requested the research be edited
for submission to this journal for possible
publication.  Prior to the 1991 report being
edited and submitted for publication, the
USACIDC program was provided with a copy of
the draft report.  The USACIDC program
requested that they be allowed to replicate the
data collection procedures completed in 1991.
It was agreed that USACIDC personnel would
review all DI examinations involving the ZCT
for the calendar year 1997.  The examinations
that had been determined to be DI utilizing the
spot-totaling procedure would subsequently be
evaluated utilizing the cumulative evaluation
procedure.  The results of that procedure
would then be compared to the data collected
in 1991.

Between 1 January and 31 March
1991, 482 examinations were conducted and
145 of these examinations were opined to be
DI.  All of the test data for these 145
examinations were evaluated by the spot-
totaling procedure.  Of these 145 DI
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examinations, 108 were verified as DI by use
of confession.

Between 1 January and 31 December
1997, 959 examinations were conducted and
556 examinations were opined to be DI.  All of
the test data for these 556 examinations were
evaluated by the spot-totaling procedure.  Of
these 556 DI examinations, 250 were verified
deceptive by posttest confession of the
examinee.

The 358 examinations (1991 and 1997
totals) that were confirmed deceptive consisted
of examinations in which the examinee
confessed to being involved in the investigation
for which the polygraph examination was
conducted.  The quality control section of the
USACIDC polygraph program routinely reviews
all examinations that are completed for
accuracy, and to determine if the opinion
rendered by the original examiner can be
supported by the agency's investigation.  A
part of that quality control process is to
determine if the examinee has made
statements which support the opinion which is
rendered based upon the physiological
responses to the relevant questions.  When
statements are made by the examinee that are
against the self-interest of the individual and
are consistent with the deceptive physiological
data, this examination is considered
confirmed.  As will be discussed later, when
inconsistent results are found between the
case facts and the physiological responses to
the relevant questions, a review of this
discrepancy is completed and this examination
is categorized in the USACIDC polygraph
program data base as a "contradicted
examination".

All of the 358 DI examinations used in
this research project underwent the USACIDC
quality control review to verify that each
examination was confirmed as deceptive.  The
criterion of confessions as ground truth is a
subject for debate (Patrick and Iacono, 1991).
This research project is not a validation study,
but is concerned only with the impact the
cumulative evaluation procedure would have
when applying this test data evaluation
procedure in lieu of the spot-total analysis
procedure.

The Lafayette Factfinder analog
polygraph was the primary instrument used in

1991.  The 1997examinations were conducted
mainly with the Axciton (Axciton Systems,
Houston, Texas) computerized polygraph
system. All polygraph examinations admini-
stered underwent the USACIDC quality control
process, which ensured each examination
complied with the policies and standards
required by USACIDC.  With minor
modifications, the USACIDC policies adhere to
the procedures as taught by DoDPI for the
conduct of the ZCT.  The examiners who
collected the examinations for this project
were either certified examiners, or interns
completing their internship for the USACIDC
polygraph program.  Each examiner had a
bachelor's degree and at least five years of
criminal investigative experience as a
USACIDC special agent.

The following ZCT question format was
utilized by USACIDC in the conduct of these
examinations:

Neutral
Sacrifice Relevant
Symptomatic
Comparison
Primary Relevant
Comparison
Primary Relevant
Symptomatic
Comparison
Secondary Relevant

The review of the relevant literature for
the original USACIDC research project was
completed in 1991.  The review of the
literature was not updated for the 1997 data.
The 1997 data was incorporated to this
research project at the request of USACIDC
polygraph program.  It is believed that the
replication of the procedures by different
researchers and involving data collected six
years apart would significantly add to this
research.

Results

DI Confirmed Examinations in 1991

Of the 145 DI examinations, 108
examinations were confirmed by confession.
When utilizing cumulative evaluation
procedures, 74 (69%) of the examinations were
determined to be DI. Of the remaining
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examinations, 32 (30%) examinations would
have been determined to be NO and two (1%)

would have been classified as false negative.
(See Table 1.)

Table 1.
Polygraph decisions in 1991 as they would be affected by two types of decision rules:

cumulative and spot totals. (n=108 confirmed deceptive examinations)

Results
Method DI NO NDI
Cumulative 74 (69%) 32 (30%) 2 (1%)
Spot-Totaling 108 (100%) 0 0

  DI = Deception Indicated
  NO = No Opinion
  NDI = No Deception Indicated

DI Confirmed Examinations in 1997

Of the 556 DI examinations, 250
examinations were confirmed by confession.
When utilizing cumulative evaluation

procedures, 167 (67%) of the examinations
were determined to be DI. Of the remaining
examinations, 75 (30%) examinations would
have been determined to be NO and eight (3%)
would have been classified as false negative.

Table 2.
Polygraph decisions in 1997 as they would be affected by two types of decision rules:

cumulative and spot totals. (n=250 confirmed deceptive examinations)

Results
Method DI NO NDI
Cumulative 167 (67%) 75 (30%) 8
Spot-Totaling 250 (100%) 0 0

  DI = Deception Indicated
  NO = No Opinion
  NDI = No Deception Indicated

Combined Confirmed DI Examinations in
1991 and 1997

Of the 701 total DI examinations, 358
examinations were confirmed by confession.
When  utilizing  cumulative  evaluation

procedures, 241 (67%) of the examinations
were determined to be DI. Of the remaining
examinations, 107 (28%) examinations would
have been determined to be NO and ten (3%)
would have been classified as false negative.
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Table 3.
Polygraph decisions in 1991 and 1997 combined as they would be affected by two types of

decision rules:  cumulative and spot totals. (n=358 confirmed deceptive examinations)

      Results
Method DI NO NDI
Cumulative 241 (67%) 107 (30%) 10 (3%)
Spot-Totaling 358 (100%) 0 0

DI = Deception Indicated
NO = No Opinion
NDI = No Deception Indicated

Discussion

This research indicates that the
cumulative evaluation procedure has a
significant negative impact upon the outcome
of the ZCT.  Applying the cumulative
evaluation procedure to the confirmed DI
examinations increased the NO rate to 30%.
This NO ratio is significantly higher than the
13% NO ratio attained by USACIDC field
examiners during the 1990 calendar year.  The
13% NO ratio includes all USACIDC
examinations, called truthful or deceptive,
with all question formats for that time period.
The USACIDC NO percentage, when NDI
examinations are not considered, was less that
8% for the calendar year 1990.

A 30% rate of NO outcomes would have
a significant negative impact upon an agency
supporting a criminal investigative mission.
Attachment A outlines seven case histories
that illustrate the problem.  The case histories
clearly illustrate that persons who have
confessed to homicide, child molestation,
forcible rape, larceny, indecent assaults,
frauds, and other felony offenses would not
have been correctly identified. Six of the seven
examples provided were deceptive examinees
who would have been classified as NO.  The
number of these suspects who would have
failed to confess subsequent to further
polygraph testing is unknown.  However, the
likelihood of resolving issues through
testimonial evidence is reduced with each
subsequent series of questions required to
obtain a conclusive opinion.  Case history 6 is
a troubling example.  That guilty suspect
would have been misclassified as NDI of a

forcible rape without the spot-totaling decision
rule.  The suspect may not have been
interrogated at all, if the cumulative evaluation
procedure were accepted as the test data
evaluation procedure for USACIDC.

The rationale for the use of the
cumulative evaluation procedure is the
concern for the false positive , that is, the
polygraph examination identified the
individual as having committed the offense,
when in fact the person was not involved in
the incident.  The concern is that, "the
classification used by those government
agencies that employ the spot rule does not
allow for this (false positive), since a subject
with a minus three in any one overall spot-
total is classified as practicing deception (and
filed accordingly) regardless of whether or not
he is truthful" (Capps and Ansley, 1991).  The
USACIDC polygraph program, since 1976,
conducts a review of all final reports of
investigation in which a polygraph examin-
ation was completed (Brisentine, 1991). These
reports of investigations are compared to the
polygraph examination report that was
conducted in support of that investigation.
These two reports are compared to assure that
the polygraph examination is consistent with
the results of the field agent that conducted
the original investigation.  This final review is
to identify those examinations in which the
case agent's final report of investigation is
contradicted by the polygraph report.  Once a
polygraph report is identified as being possibly
contradicted by the final report of invest-
igation, an attempt is made to identify the
cause for this conflict.  The number of
contradicted examinations is approximately 6
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per year.  Those examinations have
traditionally been both false negative and
positive.  The occurrence of a significant num-
ber of false positive examinations in USACIDC
is not in evidence.

The concerns of researchers that false
positive examinations can occur in up to 50%
of the examinations (Ben-Shakhar and
Furedy, 1990) is not supported by the
USACIDC evidence.  There is little doubt that if
false positive decisions occurred as suspected
by some critics of PDD, such a significant
error rate would be identified through the
administrative processing of USACIDC PDD
examinations.  The evidence is in sharp
contrast to these hypothetical projections.

The impact of the false positive for a
specific issue examination in a law
enforcement setting can be addressed by
establishing priorities based upon costs and
utilities.  This concept was recognized by Ben-
Shakhar, Lieblich, and Bar-Hillel (1982), when
they noted that one of the few situations in
which polygraph tests could have positive
costs and utility is the police investigation.
They recognized that the costs associated with
a false positive in the criminal specific
examination are minimal while the utility is
significant.  Ben-Shakhar and Furedy (1990),
placed the costs associated with the false
positive in the context of the USACIDC specific
issue examination when stating the
examination is,  "a case where the outcome
would only be a decision of the sort of whether
to continue the interrogation of a given
suspect or to release the person and
concentrate on alternate leads".

Summary

The use of a NO in test data evaluation
is a necessary safety valve that precludes
forcing a conclusive opinion when that opinion
cannot be defended with the available
physiological response patterns.   However, if
USACIDC field examiners rendered NO
classifications in over 30% of the examinations
conducted, it would be a disservice to the
person undergoing the examination and to
USACIDC field elements. The logic in utilizing
the spot-totaling numerical evaluation
procedure for criminal specific examinations is
apparent for USACIDC.  This study was
consistent with the USAMPS review which
found that the costs associated with the
artificially created NO were too great when
taking into consideration that the actual
occurrence of the false positive is minimal.  As
clearly demonstrated in this study, the
cumulative evaluation procedure failed to
conclusively identify numerous deceptive
persons, to include six sex offenders, 12 felons
involved in crimes against property, four drug
offenders, and five other felons involved in
crimes against persons (these examples were
extracted from the 1991 data).  In a criminal
specific issue examination, the concern for the
false positive exists in the federal government,
but there is a paucity of research which
indicates that its actual occurrence is
significant.  The costs of the cumulative
evaluation procedure on the utility and
accuracy of the PDD process is high, and is
considered too significant for an agency
supporting a law enforcement mission to
accept.

References

Backster, C. ( 1961) Report on Polygraph Technique Trends. Speech given at the 1961 Annual ASI
Report on Polygraph Technique Trends. New York, NY.

Ben-Shakhar, G. & Furedy, J. (1990).  Theories and Applications in the Detection of Deception. New
York: Springer-Verlag.

Ben-Shakhar, G., Lieblich, I., and Bar-Hillel, M. (1982).  An evaluation of polygrapher's judgments:
A review from a decision theoretic perspective.  Journal of Applied Psychology, 67, 701-713.



Light

Polygraph, 1999, 28 (1) 43

Brisentine, R. (1991).  Personal communication.  Former Director United States Army Criminal
Investigation Command, Dundalk, MD Polygraph Program, personal conversation.

Capps, M. H., & Ansley, N. (1992). Analysis of federal polygraph charts by spot and chart total.
Polygraph, 21(2), 110-131.

Capps, M. (1990).  Evaluation of Two Federal Zone Comparison Score Systems.  Unpublished
research.

Cole, R. (1991).  Personal communication.  Instructor Department of Defense Polygraph Institute,
Fort McClellan, AL.

Decker, R. (1991).  Personal communication.  Former Director, United States Army Military Police
School, Fort McClellan, AL.

Mason, P. L. (1998).  Polygraph validity with urinalysis results as ground truth.  Polygraph, 27(1),
45-48.

Patrick, C. & Iacono, W. (1991).  Validity of the Control Question Polygraph Test:  The Problem of
Sampling Bias.  Journal of Applied Psychology, 76, 229-238.

Sneed, E. (1991).  Personal communication.  Former Instructor, Department of Defense Polygraph
Institute, Fort McClellan, AL.

Weaver, R. (1985).  Effects of differing numerical chart evaluation systems on polygraph
examination results.  Polygraph, 14, 1, 90 - 104.

Attachment A

The following are selected summations of the actual polygraph examinations extracted from
the USACIDC files.  These examinations were originally opined to be DI utilizing the spot-total
analysis evaluation procedure.  When applying the cumulative evaluation procedure, a NO or a
false negative determination resulted for each of the following examinations.

Case 1.  Homicide

During a failed drug transaction, a drug dealer produced a .45 caliber automatic pistol and
shot one of the two persons attempting to make the drug purchase.  The victim died as a result of a
head wound.  The other person attempting to purchase the drugs fled the area unharmed.  The
drug dealer, who did the shooting, was arrested for the murder.  Additional information was
developed that another person assisted and conspired with the drug dealer to kill the two persons
during the drug transaction.  The drug dealer who shot and killed the individual declined to talk
about the incident.  The suspected co-conspirator consented to undergo the examination.  During
the post test phase, the individual admitted to planning to "rip-off" the victim by using the .45
automatic.  He further admitted to assisting the shooter in the actual robbery.

    Spot I   Spot II       Spot III
Question #5 Question #7    Question #10

Spot Scores              +2      +4         -4

Cumulative total = +2
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Case 2.  Child molesting

Two daughters alleged that their father had been sexually molesting them for several years.
The children had made the same allegations three years earlier, but the allegations could not be
substantiated and the children continued to reside with their father.  Based upon the new
allegations made to a social worker by the children, the father underwent a polygraph examination.
The father confessed after the examination to having committed the sexual acts reported by the two
daughters.

    Spot I   Spot II       Spot III
Question #5 Question #7    Question #10

Spot Scores         +2      -3         -3

Cumulative total = -4

Case 3.  Theft

During the U.S. military operation "Just Cause," several barracks rooms on a U. S. Army
installation were broken into, and over $5,000.00 worth of property was stolen.  The rooms
belonged to soldiers deployed to Panama in support of operation Just Cause.  A soldier that was not
deployed was a suspect, and he consented to a polygraph examination.  After failing the
examination, the soldier admitted to stealing the master keys to the rooms and to assisting three
other soldiers in stealing the property.

    Spot I   Spot II       Spot III
Question #5 Question #7    Question #10

Spot Scores         +7      -4         +1

Cumulative total = +4

Case 4.  Sexual harassment

A female alleged that, while she was at work, a male employee sexually assaulted her by
kissing her without her permission and, subsequently, by touching her around the private parts of
her body.  She alleged that all of these acts occurred against her will.  A polygraph examination was
conducted of the male employee who confessed after testing to having fondled the victim as alleged.

    Spot I   Spot II       Spot III
Question #5 Question #7    Question #10

Spot Scores         +1      +2         -3

Cumulative total = 0
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Case 5.  Fraud

A person reported that jewelry and money in the amount of $350.00, was stolen from her
room while she was on vacation.  The facts surrounding the theft, as related by the complainant,
were not consistent with those related by witnesses.  Subsequent to the polygraph examination, the
alleged victim confessed to having fabricated the theft of the property in order to make a false claim
for reimbursement.

    Spot I   Spot II       Spot III
Question #5 Question #7    Question #10

Spot Scores         +7       0         -4

Cumulative total = +3

Case 6.  Rape/Indecent Assault

A female alleged that while at a party she became highly intoxicated and passed out.  She
stated that when she woke up she found that her panties had been removed.  The female provided
the name of a male soldier who was present in the room prior to her passing out.  A polygraph
examination was administered of the male who subsequently admitted to engaging in sexual
intercourse with the female against her will.

    Spot I   Spot II       Spot III
Question #5 Question #7    Question #10

Spot Scores         +7      +4         -4

Cumulative total = +7

Case 7.  Wrongful Use of a Controlled Substance (Urinalysis)

During a command directed urinalysis test, a soldier rendered a urine sample which tested
positive for the presence of marihuana.  The soldier stated he was given and smoked a cigar that
could possibly have contained marihuana.  The soldier denied knowing the cigar contained
marihuana at the time he smoked the cigar.  The soldier consented to a polygraph examination and
later admitted he knowingly consumed marihuana.

    Spot I   Spot II       Spot III
Question #5 Question #7    Question #10

Spot Scores         +2      -4         +3

Cumulative total = +1



Scoring Systems for the Matte Techniques 

Numerical Scoring Systems in the Triad of Matte Polygraph 
Techniques 

James Allan Matte 

The Matte family of polygraph 
techniques consist of the Matte Quadri-Track 
Zone Comparison Technique which is a 
single-issue test, the Matte Quinque-Track 
Zone Comparison Technique which is an 
exploratory multiple-issue test, and the Matte 
Suspicion-Knowledge-Guilt (S-K-G) test 
designed to identify the examinee who has 
major involvement, some direct involvement, 
or guilty knowledge regarding a specific issue. 

The numerical quantification system in 
the analysis of the physiological data used in 
the aforementioned triad of Matte polygraph 
techniques employs the Backster chart 
interpretation rules (See pages 398-406, 
Matte 1996), with some minor changes 
described herein. 

To attain an objective measure of the 
reactions or lack of reaction to each relevant 
and control question in each of the three 
tracings (pneumograph, electrodermal, 
cardiograph), the numerical scoring system 
designed by Cleve Backster (Backster 1963) is 
used in the triad of Matte polygraph 
techniques. This system provides the forensic 
psychophysiologist (FP) with a means of 
objectively evaluating each relevant question 
versus its neighboring control question, 
hereafter referred to as a spot (control vs. 
relevant), in each tracing according to chart 
interpretation rules with penalties for 
violation of those rules, by the assignment or 
scoring of each spot with a number from a 
seven-position scale. 

Value 
+3 MT Maximum Truthful Score 
+2 T Truthful Score 
+1 t 

O? 
-1 d 
-2 D 
-3 MD 

Minimum Truthful Score 

Minimum Deception Score 
Deception Score 
Maximum Deception Score 

Numbers preceded by a minus sign 
fall into the deceptive area; numbers 
preceded by a plus sign fall into the 
truthful area. 

The following are departures from the 
Backster Rules. Most of these departures 
were implemented prior to 1980 and all of 
them were in effect prior to the validity study 
of the Matte Quadri-Zone Comparison 
Technique (subsequently renamed Quadri­
Track ZCT) published in 1989, with the 
exception that as a result of this validity 
study, the threshold or minimum score 
required to reach a conclusion for the truthful 
in the Matte Quadri-Track ZCT was reduced 
from +4 per chart to +3 per chart. 

Backster "Either-Or" Rule: 

To arrive at an interim spot analysis 
tracing determination of (+2) or (-2) there 
must be a significant and timely tracing 
reaction in either the red zone (relevant) or 
green zone (control) being compared. 

Backster ZCT: If the red zone indicates a lack 
of reaction, it should be compared with the 
neighboring green zone containing the larger 

The author is the owner of Matte Polygraph Services, Inc., and author of Forensic Psychophysiology Using the Polygraph' 
Scientific Truth Verijication - Lie Detection. Reprint requests should be addressed to Dr. James Matte, Matte Polygraph 
Services, 43 Brookside Drive, Williamsville, NY 14221-6915, or to his e-mail address.JamesAllanMatte@mattepolygraph.com. 
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timely reaction. If the red zone indicates a 
timely and significant reaction it should be 
compared with the neighboring green zone 
containing no reaction or the least reaction. 

Matte OTZCT: Red Zone is always compared 
with the green zone question preceding it. 
the red zone questions are switched in 
position with each chart conducted, thus are 
alternately compared against each green zone 
question. (Matte 1996) 

Tracings Included: respiration, electrodermal, 
and cardiograph. 

Backster "Green Zone 'Yes' Answer Penalty 
Rule: 

If a "yes answer is given to a green 
zone question which is a reversal of the 
answer given during the pretest question 
review, that green zone cannot be used as a 
spot analysis 'presence-of-reaction" zone. 

A green zone involving such an answer 
reversal can be used as a spot analysis "lack­
of-reaction" zone where no reaction, or a 
reaction significantly smaller than the red 
zone reaction, is indicated. 

Backster ZCT: Such use should be avoided if 
another adjacent lack-of reaction green zone, 
properly answered, is available. 

Matte QTZCT: The forensic psychophys­
iologist cannot jump to another Track to make 
a comparison. See Figure 3 for Primary, 
Secondary, and Inside Tracks. 

Tracings Included: respiration, electrodermal, 
and cardiograph. 

Backster "Green Zone Abuse" Rule: 

If the intensity of a green zone reaction 
appears to be at least four times as dramatic 
as a minor reaction in the red zone, it is not 
proper to feature the minor red zone reaction 
and compare it with the other neighboring 
green zone which may show a lesser reaction 
or no reaction. 

Matte OTZCT: This rule does not apply to the 
Quadri-Track or Quinque-Track ZCT 
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inasmuch as the FP must compare each red 
zone question to the preceding green zone 
question, and cannot jump to another track to 
make a comparison. (Matte 1996) 

Tracings Included: respiration, electrodermal, 
and cardiograph. 

Backster "Question Pacing" Upgrading 
Rule: 

To upgrade a ((+2) or (-2) interim spot 
analysis rating to a (+3) or (-3) final spot 
rating each of the two zones being inter­
compared must embrace a minimum of 
twenty seconds and a maximum of thirty-five 
seconds. 

Note: Question pacing is measured from the 
first word of one question to the first word of 
the question that follows. 

Matte OTZCT: Requires a muumum of 
twenty-seconds between the answer to a test 
question to the commencement of the next 
question that follows it, not to exceed thirty 
seconds. 

Tracings Included: respiration, electrodermal, 
and cardiograph. 

Matte "Dual-Equal Strong Reaction" Rule: An 
Exception to the Backster's One-to-One Rule. 

When the red and green zones being inter­
compared both contain timely, specific and 
significant reactions of maximum and equal 
strength, a minus one (-1) score is assigned to 
that spot. 

Tracings Included: respiration, electrodermal, 
and cardiograph. 

Note: When there is a presence of mild 
reaction which would warrant only a 
minimum score of - / + 1 in both the relevant 
question and its neighboring control question 
respectively of equal magnitude, such as in 
Figure 1, where there is no presence of 
parasympathetic activation (questions 46-33) 
a numerical value of zero must be assigned to 
this spot in the respiration tracing. However 
when there is a presence of strong reaction 
which would be manifested by distinct 
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activation of both sympathetic and 
parasympathetic systems in both zones being 
inter-compared of equal magnitude (Figure 2), 
a minimum deception score of -1 must be 
given to this spot. This rule applies only to 
the pneumograph and cardiograph tracings, 
not the electrodermal. The electrodermal 
tracing is excluded because it is more volatile 
and sensitive to extraneous stimuli. 

The aforesaid rule is based on the 
premise that both zone questions appear to be 
equally threatening to the examinee, the 

degree of threat being proportionate to the 
degree of the responses, which indicate that 
while the examinee may be attempting 
deception to the relevant question, its 
neighboring control question may be too 
intense due to faulty structure, embraces an 
equally or more serious unknown crime, or a 
countermeasure attempt was made. A 
sophisticated guilty examinee may be able to 
cause a reaction on the control question but 
cannot control an oncoming reaction to the 
relevant question. 

Figure 1 
Equally MUd Reactions 

1 
1 -
46 (control) 33 (relevant) 

Figure 2 
Equally Strong Reactions 

1 -
46 (control) 

Appendix 1 depicts the Matte Quadri­
Track Zone Comparison Test structure which 
shows that the vertical score tallied from 
spots 1, 2 and 3 are combined for a total 
score, inasmuch as all spots deal with the 
same single issue. Appendix 2 depicts the 
Tri-Spot Quantification System for the 
Quadri-Track ZCT. and Figure 3 shows the 
Conclusion Table from which a determination 
is made as to Truth, Indefinite (Inconclusive), 
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33 (relevant) 

or Deception from the total scores tallied from 
spots 1, 2, and 3. It should be noted that in 
the Matte Quadri-Track Zone Comparison 
Technique and the Matte Suspicion­
Knowledge-Guilt (SKG) tests, a minimum of 
two polygraph charts (tests) must be 
conducted to reach a conclusion of truth, 
deception or inconclusive, and in the Matte 
Quinque-Track Zone Comparison Technique, 
a minimum of three polygraph charts must be 



conducted to reach a conclusion. This 
requirement increases external reliability. 
The American Polygraph Association 
standards require that a minimum of two 
charts be conducted to reach a determination 

Matte 

of truth or deception. (See Appendices 1 and 
2 for the Matte Quadri-Track Zone 
Comparison Test Structure and Tri-Spot 
Quantification System). 

Figure 3 

CnNCTJIC:TnN TART r:-
RESULTS FOR 1 CHART CIRCLE APPROPRIATE NUMBER BELOW 

+ 27 to + 3 + 2 to -4 -5 to -27 
TRUTH Lreur.r Lre. :t; 

RESULTS FOR 2 CHARTS _ CIRCLE APPROPRIATE NUMBER BELOW 
+ 54 to + 6 + S to -9 -10 to -54 
TRUTH INDEFINITE 

RESULTS FOR ) CHARTS _ CIRCLE APPROPRIATE NUMBER BELOW 
+81 to + 9 + 8 to -14 -IS to -81 
TRUTH lITE 

RESULTS FOR 4 CHARTS - CIRCLE APPROPRIATE NUMBER BELOW 
+ lO8to + 12 +11 to -19 -20 to -108 
TRUTH 

Matte Quinque-Track Zone Comparison 
Technique: 

Appendix 3 shows the Matte 
Quinque-Track Zone Comparison Technique 
test structure. The Matte Quinque-Track 
ZCT is an Exploratory Multiple-Issue test, 
thus all four spots are vertically and 
independently scored but cannot be 
horizontally tallied because each spot deals 
with a different issue. A minimum of three 
charts (ideally four) must be conducted to 
attain a minimum number of comparisons for 
each spot. Appendix 4 is the Matte Quinque­
Track ZCT Quantification system, including 
its Conclusion Table. 

Matte Suspicion-Knowledge-Guilt (SKG) 
Test: 

The Matte Suspicion-Knowledge-Guilt 
Test, hereafter referred to as the S-K-G test is 
designed to provide the forensic psycho­
physiologist with a single test capable of 
identifying the examinee who has major 
involvement, some direct involvement, or 
guilty knowledge, yet containing similar 
controls to that found in the Matte Quadri­
Track Zone Comparison Technique. For 
detailed information about the SKG test, 
consult Matte (1996, chapter 17). 
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Appendix 5 shows the SKG Test 
structure and quantification system. It 
should be noted that test question number 
31 is treated as a control question. Question 
number 31, which relates to unfounded 
suspicion on the part of the examinee, is not 
a relevant question but rather a control, 
inasmuch as it can be readily assumed that 
an examinee who shows no reaction to any of 
the relevant questions but shows a reaction 
to suspicion can be excluded as a participant 
or witness in the crime. Therefore, the 
forensic psychophysiologist can choose 
between control question 48, which is a 
control question which encompasses both 
periods normally covered by control ques­
tions 46 and 47 in the Quadri-Track ZCT, 
and control question 31 for the greatest 
physiological evidence of sympathetic and 
parasympathetic action, which the FP then 
uses as the control question to compare 
against relevant questions 42, 34, 33, and 32 
individually. 

There will be few occasions when 
question 31 (control) will exceed control 
question 48 in overall sympathetic/para­
sympathetic activity. However, its inclusion 
is necessary to offset the chance that an 
examinee's suspicion of someone may be so 
strong that, without the suspicion question 
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on the test, he or she may show reaction on 
the knowledge question because there is no 

other question in that general category to 
relieve the energy. 

Figure 4 below shows the Comparison Score Table. 

Figure 4 

Comparison Score Table 

Relevants 42 34 33 32 24 

Controls 48or3l 48or3l 48or3l 48or3l 23 

Tally (+/- (+/- (+/- (+/- (+/-

Figure 5 below reflects the SKG 
Conclusion Table. It should be noted that a 
minimum of two polygraph charts, as in any 

test, must be conducted to insure external 
reliability, before a determination of truth or 
deception can be rendered. 

Figure 5 

S-K-G Conclusion Table 

Results For 1 Chart: Circle Appropriate Number Below 

+2 Or More 
Truth 

+1 To-2 
Inconclusive 

-3 Or More 
Deception 

Results For 2 Charts: Circle Appropriate Number Below 

+4 Or More 
Truth 

+3 To-5 
Inconclusive 

References 

-6 Or More 
Deception 
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Appendix 1 

MATTE QUADRI-TRACK ZONE COMPARISON TEST STRUCTURE 

(Cannot jump track to make comparison) 

OUTSIDE PRIMARY SECONDARY INSIDE 

PNEUMOTRACING~ 
TRACK TRACK TRACK TRACK 

c:: 
.0.; 0 c::: 0 III c:: III c:: 

:~ 
..... > 0 > 0 
..,~ ..... ..... ..... ..... c:: c:: > ~.o..: til III til c:: .., 

]J 
.., 1-0 0 1-00 

ELECTRODERMAL III ~tIl III ::l ::l 0 til til 0 ..... 0 ..... 

(GSRlGSG) TRACING .-< c:: 0. III 
::l til .-< ..... III III 1-0 .., 1-0'" 
O'tIl " .. ::l ~ t ::l 1-0 '" 1-0'" 

H ><: rJl 0' 0' ~ III ~III 
1-0 0 Q. " ~III at 

I>l~~ 
at .... 5 ::l 

H ..... -- .. ..... 111 75- C:: .. c:: .., .... 0' 
'-' III c:: "'"'" o c:: o c:: 0 0 

Nv~Mf.Nv::'~ 
~ ..... "'" 1-0 ~ "'" 1-0 ~ .-< '-' 
E rJl 111'-< '-'> ~~ 

.., > 1-0 0 III c:: 
CARDIO TRACING f ::l ~ ~ 0'" :J 0 VlOJ Vl III ~ 1-0 0." 

.. ::l III ... .-< ~~ .-< OJ .. 0> 
0.0 ....... III III ~ c:: ;t:1II 

::l ,,'" E~ > c:: '" >J '" 0 .-< 
OJ ~ 

,., III 0 :c:: u III 
Z Vl Vl ",u '" 

QUESTION NUMBER 14J 39 25 46 33 47 35 23 24 

COLOR CODE Y YR B G R G R Gw Rw 
TRI-ZONE COMPARISON ZONE ZONI ZONE ZONE tzONE !Z.ONE ZONE 
COLOR LEGEND: ZONES SPOT ONE SPOT TWO ~p?_T~~~' - - .- - - - - -- - .- .. . _ .. - ----- -- - -----

w Note: White (w) suffix to a 

Gw 

Indicates Zone is influenced 
by Zones in Spots #1 and #2 
Inside Issue Control Question 
(Variable strength) 

Zone places that Zone in the 
Inside Track to recoup 
response scores lost as a 
result of an Inside Issue. 

THREE SPOTS SCORED AND TALLIED FOR 

Rw 

YR 
Y 

Inside Issue Relevant 
Question (Variable strength) 
Sacrifice Relevant Question 
Neutral Question (Irrelevant) 

A GRAND TOTAL = TRUTH, DECEPTION, INCONCLUSIVE 

TRACK Identifies a pair SPOT Identifies a Track 
of questions related for which is quantified. 
comparison/quantification 
(G & R Zone) or evaluation 
(B Zone). © 1995 by James Allan Matte 

PUTSIDE 
TRACK 

c:: 
0 ..... 
..,~ 

til III 
III ::l 
::l til 

0'00 
H 

" ..... 111 

"'"'" ., ..... 
E 00 
0'" 
.... ::l 
0.0 
e~ 
;>, 
Vl 

26 

B 
ZONE 

s= 
a 
r+ 
~ 



~ 
cE' 

~ 
:;r 

-~ 
I~ 
.=:: 

CI1 
tv 

;)rt:.L-l 

TRUTH 

::! +3 +2 

GSR 33 +3 +2 

CAR 33 +3 +2 

SPEC-2 
TRUTH 

:i +3 +2 

GS 33 +3 +2 

CA 33 +3 +2 

SPEC-3 
TRUTH 

~i +3 +2 

GS 33 +3 +2 

CA 33 +3 +2 

SPEC-4 
TRUTH 

~~ 
+3 +2 

GS 33 +3 +2 

CA 33 +3 +2 

TARGET ( 

GRAND TOTAL: 

SPOT ONE 

INDEF 

+1 0 -I 

+1 0 -I 

+1 0 -I 

INDEf 

+1 0 -I 

+1 0 -I 

+1 0 -I 

INDEF 

+1 0 ·1 

+1 0 -I 

+1 0 -I 

INDEf 

+1 0 -I 

+1 0 -I 

+1 0 ·1 

TOTAL: 

FOR ( ) CHARTS. 

DECEP 

-2 -3 

-2 -3 

-2 -3 

DECEP 

-2 ·3 

-2 -3 

-2 -3 

DECEP 

-2 -3 

-2 -3 

-2 -3 

DECEP 

-2 -3 

-2 -3 

-2 -3 

Appendix 2 

}1atte Quadri-Track Zone Comparison Test 

Tri-Spot Quantification System 

SPOT TWO 

TRUTH INDEF DECEP 

" ( ) ~ 
+3 +2 ... 0 -I -2 -3 " ( ) 

~ " ( ) 35 +3 +2 +1 0 -I -2 -3 c ( ) 24 
c ( ) ® +3 +2 +1 0 -I -2 ·3 "' ( ) 24 

TRUTH INDEF DECEP 
c ( ) 

~ 
+3 +2 +1 0 -I -2 -3 c ( ) 

~ = ( ) 35 +3 +2 +1 0 -I -2 ·3 "' ( ) 24 
" ( ) 35 +3 +2 +1 0 -I -2 ·3 "' ( ) 24 

TRUTH INDU DECEP 

"' ( ) i +3 +2 +1 0 -I -2 ·3 . ( ) 

~ "' ( ) 35 +3 +2 +1 0 -I -2 ·3 "' ( ) 24 
= ( ) 35 +3 +2 +1 0 -I -2 ·3 "' ( ) 24 

TRUTH INDEF DECEP 

" ( ) 

~ 
+3 +2 +1 0 -I -2 -3 = ( ) 

~ = ( ) 35 +3 +2 +1 0 -I -2 -3 "' ( ) 24) 
= ( ) 35 +3 +2 +1 0 ·1 -2 ·3 " ( ) 24) 

( ) TOTAL: ( ) 

SPOT THREE 

TRUTH INDEF DECEP 

+3 +2 ... 0 -I -2 -3 

+3 +2 +1 0 -I -2 -3 

+3 +2 +1 0 -I ·2 -3 

TRUTH INDEF DECEP 

+3 ··2 +1 0 -I -2 -3 

+3 +2 +1 0 -I -2 -3 

+3 +2 +1 0 -I ·2 ·3 

TRUTH INDEF DECEP 

+3 +2 +1 0 -I -2 -3 

+3 +2 +1 0 -I -2 ·3 

+3 +2 +1 0 -I -2 ·3 

TRUTH INDEF DECEP 

+3 +2 +1 0 -I -2 ·3 

+3 +2 +1 0 -I -2 ·3 

+3 +2 +1 0 -I -2 ·3 

TOTAL: 

" ( ) 

" ( ) 

EO ( ) 

" ( ) 

EO ( ) 

" ( ) 

"' ( ) 
EO ( ) 

,. ( ) 
-

EO ( ) 

EO '( ) 

"' ( ) 

C/J 
n 

j. 
~ 
~ 
(1) 

~ 
0' 
'"1 

~ 
s= 
~ 
~ 

~ 
n 

[ 
.g 

(1) 
(IJ 
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Appendix 3 

MATTE QUINQUE-TRACK ZONE COMPARISON TEST STRUCTURE 
(EXPLORATORY) 

(Cannot. lumP t.rack t.o make comparison) 
OUTSIDE FIRST SECOND mlRD FOt:RTH 
TRACK TR.o\CK TRACK TR-\CK TRACK 

P?'iEUMOTRACJ~G~ .. 
> .. .. c .... > > '"' ... 0 C 0 ., .... .... .... c 

C ... 0 .... ::> C ., C til C C .. 

:~ 
.. .... : c ::> 0 c ::> 0 C ... > 

> .. ~ U'" 0 ........ 0 ........ :: .. .. 
ELECTRODERMAL .. c ~ ~ .... oc"" ... u .. .... u ... ... C C .... c 

"" "-l'J'. ... oc til ... oc ., .. :: 0 .. :: 

(GSRlGSG) TRACING ~ ~ ~ 6- a til .. :n I<lti II! I<lti '" u .... .,,: .... ., ":6 ti " .. " '" ... .. 
... .. C>- u .... " -a " -a 0- 1 '" '" .... ., ........ .... c Cf .. Cf ... .. '" .. .. C '"'''' ..... C ..... C .... C" .. " 

- ::> u .. ...., ... c oJ .. 0 .. .. 0 ... 00' 000' 

CARDIO TRACING M]~ ¥ e .... ... ... g ...... c ... I- C ... .., 
0" ::>"' ..... .. ..... " u .. ...... uc > "c > ::> C > .... .... 
Co::> 1 C '" uo .. uo :I Co :J 

::> ua:: ~e CU ..... IU ..... lU .... til 0 .. .. 0 <lJ C .. C '" " c 
z I/) I/) z '" 0 '" 0 a:: III ~ 

Z Z 

Qt:ESTlO~ NUMBER 14J 39 15 46 45J 47 45K 48 45L 031 032 

icOLOR CODE Y YR B G R G R G R G R 
tnu.ZO?'iE COVIPARISON ZO~E IiQ.1\iE ~ONE ZD."I[ ZON'f 7fl?'iE tzONI O~EI tzmlE 
mLOR LEGEND: ZONES \SPOT ONE ~OTTWO ~!T TH~ ~rT FOUR "" - - -- - .- .". 'NALYSI A!liALYSI ?'iAL YSIS NALYSI~ 

~SCORE SCORE SCORE SCORE 

+- +- +- +-R Relevant Question (Strong) 3. Red (Strong Relevant) 
YR Sacrifice Relevant Question TRACK Identifies a pair 
Y Neutral Question (Irrelevant) of questions related for 

SPOT Identifies a Track which is quantified. 

OUTSIDE 
TRACK 

C 
0 
....~ 

.. OJ ., " 
.. '" ::> II: a .... 
u .. .... .., .. .... 
~ ~ 
o " "'0 
Co ...... 

~ 
I/) 

16 

B 
ZO~E 

o Prefix- Option Use. comparison (G&R Zone) 
or evaluation (B Zone) 

Note: Fourth Track includes Suspicion Question 031 Green Zone 
versus Knowledge Question 032 Red Zone. 

ABOVE FOUR SPOTS ARE VERTICALLY AND INDEPENDENTLY 
SCORED BUT CANNOT BE HORIZO~TALLY SCORED FOR A 
TOTAL TALLY BECAUSE EACH SPOT D£.ALS WITH A 
DIFfERENT ISSUE. A MINIMU!\I OF THREE CHARTS (IDEALLY 
FOUR) MUST BE CONDUCTED TO ATTA~ A MINIMUM 
Nt:MBER OF COMPARISONS FOR EACH SPOT. 

© 1995 by James AUan Matte 
~ 
a ; 
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CHARTl TI 
PO 45J +3+2 
GR 45J +3+2 
CO 45J +3+2 

CHART 2 TI 
PO 45J +3+2 
GR 45J +3+2 
CO 45J +3+2 

CHART 3 TI 
11'0 4!>J +J+l 
GR 45J +3+2 
CO 45J +3+2 
TARGET ( 

Appendix 4 

MATIE QUINQUE-TRACK ZONE COMPARISON TECHNIQUE 

TARGET ( ) USED ON CHART NR. 
14J WERE YOU BORN IN THE U.S.? I13L I13F 

(Last Nam~ i(First Name) 
RE: WHETHER OR NOT (YOURSELF) DO YOU INTEND TO ANSWER TRUTH 

39 TRUTHFULL Y EACH QUESTION 
AB~TTHAT? 

ARE YOU COMPLETELY CONVINCED THAT I WILL NOT ASK YOU AN 
25 UNREVIEWED QUESTION DURING THIS CHART? 

46 BETWEEN THE AGES OF ( ) AND ( ) - DO YOU REMEMBER: 

45J 
DURING THE FIRST ( ) YEARS OF YOUR LIFE - DO YOU REMEMBER: 

47 

45K 
DURING THE FIRST ( ) YEARS OF YOUR LIFE - DO YOU REMEMBER: 

48 

45L 

031 

032 
IS THERE SOMETHING ELSE YOU ARE AFRAID I WILL ASK YOU A 

26 QUESTION ABOUT, EVEN THOUGH I TOLD YOU I WOULD NOT? 

QUANTIFICATION SYSTEM 

~ ---- . -QUINQUE-TRACK ZONE COMPARISON TECHNIQUE 

INDEF DI TI INDEF IH TI INDEF DI TI INDEF DI 
+1 0-1 -2-3( 145K +3+2 +1 0-1 -2-3( 45L +3+2 +1 0-1 -2-3( 32 +3+2 +1 0-1 -2- ( 

+1 0-1 -2-3( j45K +3+2 +1 0-1 -2-3( 45L +3+2 +1 0-1 -2-3( 32 +3+2 +1 0-1 -2- ( 
+1 0-1 -2-3( ~5K +3+2 +1 0-1 -2-3( 45L +3+2 +1 0-1 -2-3( 32 +3+2 +1 0-1 -2-3( 

INDEF DI TI INDEF D1 TI INDEF DI TI INDEF D1 
+1 0-1 -2-3( )45K +3+2 +1 0-1 -2-3 )r+ 5L +3+2 +1 0-1 -2-3 32 +3+2 +1 0-1 -2-3( 
+1 0-1 -2-3( )45K +3+2 +1 0-1 -2-3 )r+ 5L +3+2 +1 0-1 -2-3r- 32 +3+2 +1 0-1 -2-3( 
+1 0-1 -2-3 )45K +3+2 +1 0-1 -2-3 )~5L +3+2 +1 0-1 -2-3 32 +3+2 +1 0-1 -2-3( 

INDEF DI TI INDEF DI TI lNDEF DI TI INDEF DI 
+1 u-l -l-", 45K +3+l +1 0-1 -2-3 ,45L +3+2 +1 0-1 -2-3 ;32 +3+2 +1 u-l -2-3 
+1 0-1 -2-3 )~5K +3+2 +1 0-1 -2-3 ) 45L +3+2 +1 0-1 -2-3 32 +3+2 +1 0-1 -2-3( 
+1 0-1 -2-3 )~5K +3+2 +1 0-1 -2-3 )~5L +3+2 +1 0-1 -2-3 )32 +3+2 +1 0-1 -2-3( 

TOTAL ( TOTAL ( TOTAL ( TOTAL ( 

CONCLUSION TABLE 
NDI INCL DI 4SJ 4SK 4SL 031 

THREE CHARTS +27 to +5 +4 to -7 -8 to -27 ( ) ( ) ( ) ( ) 
FOUR CHARTS +36 to +7 +6 to -9 -10 to -36 ( ) ( ) ( ) ( ) 
FIVE CHARTS +45 to +9 :+-8 to -11 -11 to -45 ( )( )( )( ) 
Each of the 4 SPOTS (45 series and 032) are scored, tallied and evaluated separately against the 
Conclusion Table according to the number of charts conducted. 
STIMULATION TEST DATA - NUMBER SELECTED: __ CHART NR: ____ _ 
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S-K G Test I 13L I Used on Chart Nr. 
Are you completely convinced that I will not ask you an unrcviewed question during 

~ this chart? 
Regarding the: Do you intend to answer truthfully each question about 

39 that? 

Before that occurred -
42 Same as above Did vou definitely know it was about to happen? 

At the very time that 
34 Same as above occurred - were you 

(onJhe scene) 
48 During the first ( ) years of your life - Do you remember: 

33 Same as above Did you (yourself) 

32 Same as above Do you know for sure (who) 

31 Same as above Do you suspect anyone in particular of 

23 Are you afraid an error will be made on this test regarding: (whether or not you were 
involved in this crime) 

24 Are you hopeful an error will be made on this test regarding: (whether or not you were 
involved in this crime) --

26 Is there something else you are afraid I will ask you a question about, even though I 
told ~ou I would not? 

S-K-G OUANTIFICATION SYSTEM SCORE TABLE 
K -I 

PNE 42 Score ( ) 
GSR 42 Score ( ) 
CAR 42 Score ( 
SKG-2 

) 
) 

42 Total ( ) 34 Total ( ) 33 Total ( ) 32 Total ( 24 Total ( ) 
S-K-G CONCLUSION TABLE 

RESUL TS FOR 1 CHART: TRUTH INCONCLUSIVE DECEPTION 
+~ + 

RESULTS FOR 2 CHARTS: TRUTH INCONCLUSIVE DECEPTION 
+4 r r +3 0-5 

S-K-G CONCLUSIONS: TRUTHFUL to relevant question(s) _____ _ 
DECEPTIVE to relevant question(s) _____ _ 

TARGET () INCONCLUSIVE to relevant question(s) ____ _ 
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The Academy for Scientific Investigative Training's Horizontal
Scoring System and Examiner's Algorithm System for Chart

Interpretation©

Nathan J. Gordon

Abstract

The Horizontal Scoring System was developed at the Academy for Scientific Investigative Training in
1981 as a means of eliminating subjectivity in scoring and the skewing of test results by the
subjective selection of control questions for comparison to the relevant question.  It allows for
objective numerical chart analysis, while eliminating the subjectivity of the assignment of numbers
from the traditional seven-position scale, and the additional subjectivity of the selection of which
control question to use for comparison to the relevant question.  The Examiner Algorithm System
was developed at the Academy in 1997, and utilizes discrete measurements which allow the
examiner to accurately and consistently determine what constitutes the greatest reaction.

In 1963, Backster developed a
numerical scoring system where values
ranging from a +3, to a -3, were assigned to
each relevant question's independent
physiological parameter after it was compared
to those same parameters of a control question
selected by the examiner. The decision of
whether this "control  vs. relevant" comparison
yielded no difference (0), a slight difference
(±1), a clear difference (±2), or a huge vs. no
difference (±3), and the corresponding score for
the comparison is left to the subjectivity of the
individual examiner.  There are also
differences in opinion on how the examiner
should select the control question for
comparison to the relevant question (Weaver,
1980).  The Army compares the relevant
question to the strongest control question,
skewing their test toward truthfulness.
Backster compares the relevant question to
the weakest control question, skewing the test
toward non-truthfulness.  The University of
Utah compares the relevant question to the
control question preceding it, not skewing the
test outcome toward any direction.  Weaver
also pointed out that the matter is further
complicated in that there are clear differences
among these three groups as to what
constitutes a reaction.  The Army's position is
that any change from the norm constitutes a

reaction, while Backster clearly discriminates
between what he defines as reaction and relief,
and Utah takes a position somewhere in
between.

With so much subjectivity and
difference in opinions among major groups in
our profession,  it is not difficult to imagine
that examiners of different schools of thought
could have differences of opinion analyzing the
same polygraph charts, even though they are
all using "numerical analysis."  These
conditions led to our search to eliminate the
subjectivity of what number to assign from the
traditional seven-position scale, and which
control question to select for comparison to
the relevant question and to the development
of the Horizontal Scoring System (Gordon &
Cochetti, 1987).

In the Horizontal Scoring System the
subjectivity of control question selection is
totally eliminated by the examiner comparing
all of the control and relevant questions in
each individual parameter, creating a
hierarchy of the greatest to least reaction.  For
example, in a standard Backster "You Phase"
format there is a maximum of three control
questions (numbers 46, 47, and 48) and three
relevant questions (numbers 33, 35 and 37),

The author is the Director of the Academy for Scientific Investigative Training.  Requests for reprints should be forwarded to
Nathan J. Gordon, Academy for Scientific Investigative Training, 1704 Locust St, 2nd Floor, Philadelphia, PA 19103.
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making a total of six reactions being compared
in each individual parameter.  The examiner
employing Horizontal Scoring identifies the
greatest reaction in thoracic breathing, and
assigns it a six (6), the next greatest a five (5),
the next greatest a four (4), the next greatest a
three (3), the next greatest a two (2), and the
smallest reaction a one (1).

The same process is then repeated in
the abdominal breathing patterns, the
electrodermal patterns and the cardiograph
patterns.  After all the hierarchies have been
established, each question's pneumograph
scores (thoracic and abdominal) are averaged,
and then added to the electrodermal score and
the cardiograph score, resulting in a total
question score for each of the control and
relevant questions.  This total question score
is then assigned a plus (+), in each of the
control questions, and a minus (-), in each of
the relevant questions. Since the Backster
"You Phase" is a single-issue technique, the
scores can be combined for a total chart score.

In a general question technique, such
as Reid, Arther or the MGQT, there are four
relevant questions and two control questions
of varying weights.  The same ranking of six to
one can be performed, since one is still
comparing six questions in each parameter.  If
two pneumographs are being used, we would
again average them for a single pneumograph
score, and again add them to the
electrodermal and cardiograph score for each
question for a total question score.  We would
again assign a plus (+) to the control question
scores and a minus (-) to the relevant question
scores.  However, we cannot combine the
scores since the relevant questions of inquiry
do not represent a single issue.  We must now
compare each relevant question's total score
with the total score of the control question
with which it would traditionally be compared.
The difference between these scores will
represent that relevant question's final score.
For example, if relevant question #3 had a
total score of -15, we would compare it to
control question #6, which had a total score of
a +9, and derive the final score for relevant
question #3 as a -6: (-15) - (+9) = -6.  We
would follow the same process to evaluate
relevant question #5, and then use the same
process to compare relevant questions #8 and
9, to control question #10.

In situations where there are equal
reactions between questions in the parameter
being scored, we average the scores of the
positions they are vying for.  For example, we
have identified the greatest reaction in a given
parameter, and assign it a 6.  There are now
two equal reactions competing for ranks of 5
and 4.  We average those two numbers (5+4 =
9; 9/2 = 4.5) and assign each a 4.5.

The cutoffs we are currently using are
±1.5 per relevant question, per chart.  For
three charts, with three "single issue" relevant
questions we use a ±13, and for three charts
with two "single issue" relevant questions a  ±
9.  For a single question (i.e., relevant question
#3 in MGQT) we use a ±3 for two charts, and a
±4.5 for three charts. These numbers need to
be reevaluated to determine if adjusting them
would result in even more accurate results.

Previous research has shown the
Horizontal Scoring System to be highly valid
and reliable (Horvath, 1985, and, Driscoll &
Honts, 1987).  Both studies concluded that
Horizontal Scoring was as accurate as
traditional scoring, and the latter study stated
that Horizontal Scoring was much easier to
teach and apply. While Horizontal Scoring
succeeded in removing the subjectivity of what
number from a seven-position scale to apply,
and which control question to select for
comparison to the relevant question, it still left
the question of what constitutes the "greatest"
reaction to the subjectivity of the individual
examiner.

In 1997, we devised a mathematical
method (algorithm) for measuring changes for
each physiological parameter, which in itself
reflects the degree and importance of the
psychophysiological reactions occurring . The
algorithm works independently of any
understanding of the psychological or
physiological basis of why, or what is actually
happening within the parameter.  It is
designed to simply apply objective
mathematical equations to measure what is
occurring, and remove examiner subjectivity.
Since examiners are applying the same
formula to determine the degree of reaction,
reliability between examiners' interpretations
of the same charts is dramatically increased.
Examiner experience in chart interpretation is
thereby negated.



Horizontal Scoring

Polygraph, 1999, 28 (1) 58

Pneumograph

I initially theorized a method for
interpreting the pneumograph that was a dual
system monitoring changes in pneumograph
suppression (PS) and pneumograph duration
(PD). I strongly believe these two reactions
reflect the major changes occurring in this
parameter:

(PS + PD) = pneumograph reaction.

To confirm my theory, students at the
Academy for Scientific Investigative Training
were instructed to measure in millimeters the
height of each of the breathing cycles in a
specific question. The first four cycles
following answering distortion were measured
and then totaled. Each control and relevant
reaction was then assigned a value for the
greatest (defined by the smallest total number,
which represented the greatest overall
suppression) to the least reaction (Horizontal
Scoring System).  As previously stated, the
highest value assigned was determined by the
total of the number of relevant and control
questions utilized in the polygraph technique
being employed for the exam in question. Each
pneumograph was similarly scored based on
duration, and given scores from greatest to
least.  To do this, chart time was measured, in
millimeters, from the end of exhalation in the
answering distortion cycle to the beginning of
inhalation in the fifth respiration cycle.

In 1997, Emanuel Cohen, one of the
students attending the Academy for Scientific
Investigative Training from Israel, listened to
my lecture on interpreting the pneumograph
based on my formula of PS + PD.  He then
suggested a simpler mathematical equation for
establishing pneumograph reactions:

1. Measure in millimeters the heights of
the first four cycles after answering
distortion in the tracing being eval-
uated.

2. Measure the duration of these four
cycles from the end of the exhalation
cycle containing answering duration,
until the beginning of the fifth inhala-
tion cycle.

3. Divide the duration by the total of
the four cycle heights in the reaction
being evaluated, which in essence gives
the amount of suppression and dur-
ation in the tracing.

4. The larger the number, the greater
the reaction.

In Figure 1, the thoracic respiration
has been scored using the algorithm and then
assigned numbers from 6 to 1 in accordance
with the Horizontal Scoring System.   The
greatest reaction was to question R12, and it
received a 6.  Questions R9 and R6 were tied
as the next greatest reaction, and since they
were vying for horizontal positions (ranks) 5
and 4, they were each given a 4.5, which
represents the average of those two positions
(5+4 = 9; 9/2 = 4.5).  The three control
questions, C5, C8 and C11, were also tied for
horizontal positions 3, 2 and 1. Each received
the average of those scores (3+2+1+ = 6; 6/3 =
2), a 2.

In Figure 2 the abdominal respiration
tracing is scored, and the two pneumograph
scores for each question will be averaged, so
that the pneumograph score only represents
one-third of the questions total score.

Electrodermal

Measurement of the electrodermal
recording is performed by multiplying the
height by the base of the tracing.  The height
of the tracing is established by a straight line
drawn from the highest peak to the base. The
duration is established by measuring the
distance of a straight line drawn from the
beginning of the reaction, straight out until
the point it intersects the downward
movement of the tracing in automatic mode.
Multiplying these two measurements together
reflects tracing amplitude plus duration, and
the larger the number, the greater the
reaction. In Figure 3, the electrodermal
responses are scored.

Cardiograph

The cardiograph tracing measurement
is established by drawing a twenty-second
straight line out from the bottom of the
cardiograph tracing at the beginning of the
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question.  A measurement, in millimeters, is
made to determine the height of any changes
that occur in the baseline of the cardiograph
above that line.  In essence, we are measuring
increases in blood volume. In Figure 4, the
cardiograph is scored and tied Horizontal
position scores are averaged (R6 & R12, C8 &
R9).

In Figure 5, the results are entered
onto a Horizontal Scoring System sheet, and
since it was a single-issue examination the
scores can be combined, for a total chart score
of -22.5.  The same procedure would then be
followed for the other charts in the exam-
ination and a total examination score derived.

In conclusion, the Horizontal Scoring
System has been successfully used in the field
since 1981, and the Examiner Algorithm
System since 1997. The Academy's Horizontal
Scoring System clearly removes examiner
subjectivity in the assignment of numerical
values to reactions and the skewing of test
results by arbitrary control question selection.
This system is also easier to analyze and
teach, allowing for broader application. The
Examiner Algorithm System simplifies and
standardizes the process of determining the
degree of a reaction.  The reliability and
validity of the algorithm in a blind evaluation
study will be published later this year.
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The Control Question Technique:  A Search for
Improved Decision Rules

Eitan Elaad

Abstract

Analysis of polygraph examinations is done with two main methods.  In the semi-objective
numerical scoring method, the examiner assigns a numerical score between -3 and +3 for every
comparison between the responses to relevant and adjacent control questions.  Then, the numerical
scores are summed up to yield a final score.  Another, less systematic method of analyzing the
charts, use global evaluations.  Here, the examiner collects reactions which are liable to be of help
in reaching a decision.  Then, he or she selects the blatant responses and reach a decision.  The
present study was designed to examine these two interpretation methods and to look for better
decision rules.  Two samples of verified polygraph examination records, conducted with the
common Control Question Technique, were selected for the purposes of the present study.  Results
suggested to replace the raw scores of the numerical scoring method with the mean per comparison
point scores and combine both interpretation methods.  It was further suggested to use an
inconclusive region with boundaries skewed in the direction of the negative scores.

The most preferred polygraph method
in field practice is the Control Question
Technique (CQT; Raskin, 1989; Reid & Inbau,
1977; Podlesny, 1993).  Briefly, the CQT
contains an extensive pre-test interview in
which the examinee is given the opportunity to
talk about the offense and to present his or
her version of the crime.  During this
interaction between the examiner and the
examinee, the questions are formulated.
Then, the examinee is attached to the
polygraph and is asked a series of questions
while continuously measuring the various
physiological reactions.  The questions are of
the following three types: (a) Relevant
questions - directly crime-relevant questions of
the "did you do it?" type (e.g., "Did you break
into Mr. Smith's store last Friday night?"). (b)
Control questions - focusing on general, non-
specific misconducts, of a nature as similar as
possible to the issue under investigation (e.g.,
"Have you ever taken something valuable
without permission?"). (c) Irrelevant questions
- focusing on completely neutral issues, (e.g.,
are you sitting on a chair?).  These are
intended to absorb the initial orienting
response evoked by any opening question, and

to enable rest periods between the more loaded
questions.  Typically, the whole question series
is repeated three or four times.

The inference rule underlying the CQT
is based on a comparison of the responses
evoked by the relevant and control questions.
Deceptive individuals are expected to show
more pronounced responses to the relevant
questions, whereas truthful individuals are
expected to show the opposite pattern of
responsivity (i.e., more pronounced responses
to the control questions).

Polygraph records conducted with the
control question test are usually interpreted
according to one of two main methods.  The
first is the semi-objective numerical scoring
(NS) technique (Barland & Raskin, 1975).  This
procedure is a routine at the Polygraph Unit of
the Israeli Police.  According to the numerical
scoring procedure relevant data is gathered by
systematically addressing every comparison
point (a single comparison of response
magnitude between a relevant and a control
question for each physiological measure by
one examiner), and numbers (-3,-2,-1, 0, 1, 2,

     Dr. Elaad is an internationally known researcher in the psychophysiological detection of deception.  Request for reprints
of this paper can be sent to Dr. Elaad, Behavior Section, Division of Identification and Forensic Science, Israel National
Police Headquarters, Jerusalem, 91906 Israel.  This article is based on a paper presented at the IDENTA 85 conference in
Jerusalem, Israel, on February 27, 1985.
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3) are assigned to each comparison.  The
absolute value of the assigned number reflects
the magnitude of the difference between the
responses evoked by the two questions within
the pair (e.g., -3 or +3 reflect a very large
difference, -1 or +1 reflect a small difference
and 0 reflects no difference), and the sign of
the assigned number reflects the direction of
the difference, such that positive numbers are
associated with a pattern of larger
physiological reactivity to the control question,
and negative numbers reflect the opposite
pattern.  These numbers are then summed up
across question pairs, across physiological
measures and across polygraph charts to yield
a total score.  Thus, if for example a polygraph
examination is based on three charts and
three physiological measures and if two pairs
of relevant-control questions are identified for
each chart, then the total score ranges
between -54 and +54.

While the first stage of the NS which
notes relevant data and gathers it, has the
advantage that all possible information is
referred to in a reliable manner (when
conducted by knowledgeable and well trained
polygraph examiners), the second stage, which
integrates the information, suffers from
oversimplicity. Thus, all three physiological
measures are given the same weight, no
attention is paid to dynamic changes in the
subject's responses during the test session,
and the consistency of the responses over time
is not considered.

Another method of CQT record analysis
is the global record evaluation (GRE) in which
the evaluator studies the record and notes any
significant changes in response patterns
between the relevant and control questions.
This type of data analysis presents the
opportunity to treat the record as a whole
rather than a combination of all its
components. However, the GRE is based
mainly on the subjective impression of the
evaluator, and since evaluators differ in the
weight they place on various physiological
measures and in their emphasis on the
dynamic changes during the test, no definite
decision rules are applied and the evaluator
makes the data selection while collecting it.
Consequently, the final result is based on
some few salient cues which pass the selection
process and this exhibits relatively poor

interevaluator reliability (Podlesny & Raskin
1977).

The purpose of this article is to
introduce some decision rules which exhibit
improvement of the CQT detection rate, while
using the NS and the GRE techniques, on data
collected from two independent, and com-
pletely different samples of verified polygraph
records.

Method

Two samples of real life criminal
polygraph records, which were verified by
confession and/or conviction of the guilty
party, were utilized for the purposes of the
present analysis. The two samples were
randomly drawn from the Israel Scientific
Interrogation Unit's pool of verified polygraph
tests.  One sample consisted of 69 records of
severe crimes (SC) (e.g. murder, attempted
murder) and the other sample selected 60
records of minor crimes (MC) (e.g. theft,
burglary, fraud).  The MC sample was divided
evenly between actually guilty and actually
innocent suspects' records (30 in each) while
the SC sample consisted of 51 innocent and
18 guilty suspects' records. All the records
were of polygraph examinations conducted by
trained field examiners according to control
question techniques (Reid & Inbau 1977,
Backster 1969).  Three physiological measures
were present on each test record.  The first,
recorded thoracic and abdominal respiration.
The second recorded skin resistance responses
(SRR), and the third recorded the cardio-
vascular activity (e.g. blood pressure, blood
volume and heart rate).

Polygraph Record Analysis

The records were independently
analyzed by eight (MC) or ten (SC) experienced
polygraph examiners.  This was done twice, in
two counterbalanced sessions separated in
time.  In one, the evaluator was asked to make
a blind interpretation of the record according
to the semi-objective numerical scoring
technique.  In the other, the same polygraph
examiners were asked to analyze the records
according to the global record evaluation
method.  Here, the evaluator was asked to
make an overall decision regarding each
relevant question in the record. The overall
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decision was expressed on a 5-point scale
which defines at its extreme points strong
confidence in the truthful or deceptive result,
at the 2nd and 4th points low confidence in
the results and on the 3rd point an
inconclusive decision.  While evaluating the
records, the examiners were blind to the guilt
or innocence of the examinee, to the frequency
of deceptive and truthful records in the
sample, to the criminal case the record
referred to, and to the outcomes of his
previous evaluation of the same record (on the
second analysis of the record).  Every record
was evaluated by three polygraph examiners
assigned randomly with the exemption that no
examiner was to score a record of an
examination originally conducted by himself.
The composition of the three scorers changed
from one record to another according to a
Latin Square design.

Results

Reliability in record scoring

To compute the interscorer agreement
rate for the numerical scoring technique, the
final scores obtained were condensed into 5
agreement regions according to the 5 main
results of field tests used for polygraph
examinations in the Israeli police.  For the
present study purposes, the two extreme
points gathered all final scores less than -7
(clear deception results) or larger than +7
(clear truthful results).  In the 2nd region, all
final scores between -3 and -7 inclusive, were
gathered (reserved deception results).
Similarly, in the 4th region all final scores
between +3 and +7, inclusive, were gathered
(reserved truthful results).  The 3rd region
gathered all final scores between -2 and +2
inclusive (inconclusive region).

The difference (d) between every pair of
examiners who scored the same record was
determined.  The lowest value of such
difference was 0 (two final scores in the same
region) whereas the largest value that could
have been computed for such a difference was
4 (two scores in extreme opposite regions).
The difference score was subtracted from the
largest value of 4 in order to compute the
agreement score of that pair. The largest
possible difference (d=4) was then multiplied
by the total number of pairs, defining the

highest possible difference score. The ratio
between the sum of all agreement scores and
the highest possible difference score,
determined the interscorer agreement rate. It
turned out that the agreement rates computed
for the severe crime and the minor crime
records were, 85.05% and 87.5%, respectively.
Both agreement rates are fairly high and
suggest that the numerical scoring was done
in a reliable manner.

Analyzing the charts using a zero cutoff

Selection of a zero cutoff point yield two
decision regions. One gathered all mean total
scores (across scorers) which are less than 0
and indicate deception (DI). The other
corresponded to scores which were equal or
greater than 0 and were defined as no
deception indicated (NDI).  The distribution of
DI and NDI decisions according to a zero cutoff
for each crime sample, is presented in Table 1.

Table 1 reveals that innocent exam-
inees yielded more truthful than deceptive
outcomes whereas guilty suspects were found
more deceptive than truthful.  However, when
the severe crime sample is considered, the
false positive error rate (records of actually
innocent suspects which were classified as DI)
was considerably larger that the false negative
rate (43.1% and 5.6%, respectively).  For the
minor crime sample, an identical false positive
and false negative error rate (23.3%) was
found.

The selecte d zero cutoff point is by no
means the best classification rule for guilty
and innocent examinees.  In real life poly-
graphy an inconclusive region is included to
reduce the error rate.

Including an Inconclusive Region

The inclusion of an inconclusive region
was suggested by Barland and Raskin (1975),
and is used routinely in field polygraphy. Table
2 presents the results for both the MC and SC
samples with the inclusion of the inconclusive
region.  The inconclusive regions were selected
by searching for the optimal discrimination
between guilty and innocent suspects, thus,
its boundaries are asymmetrical around zero
and are skewed in the direction of the negative
scores for both MC and SC samples.
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Table 1
Frequencies of truthful and deceptive decisions obtained from numerical scoring of the

charts using a zero cutoff.

Actually Guilty Actually Innocent Across Suspects

Decisions DI NDI DI NDI DI NDI
Severe Crimes 17 1 22 29 39 30
Minor Crimes 23 7 7 23 30 30
Across Crimes 40 8 29 52 69 60

      Note.  DI - Deception indicated; NDI - No deception indicated

Table 2
Distribution of raw NS scores in three decision regions including skewed inconclusive regions

selected for each sample.

Actually
Guilty

Actually
Innocent

Across
Suspects

Decisions DI Inc NDI DI Inc NDI DI Inc NDI
Severe Crimes 14 3 1 5 17 29 19 20 30
Minor Crimes 20 5 5 4 4 22 24 9 27
Across Crimes 34 8 6 9 21 51 43 29 57

Note. DI - Deception indicated; NDI - No deception indicated;
INC - Inconclusive.

The selected inconclusive regions for the Severe Crime sample  -4 / -1
and for the Minor Crime sample    -3 /  0.

Table 2 reveals the importance of the
inconclusive region for reducing the false
positive error rate.  This is manifested in both
SC and MC samples.  When the SC sample is
considered, the inclusion of the inconclusive
region eliminates 17 out of 22 (77%) false
positive errors without any loss of true
negative decisions.  Regarding the MC sample,
3 out of 7 (43%) of the false positive errors
were shifted into the inconclusive region, while
only 1 out of 23 (4%) true negative decisions
was lost.  The results for the false negative
decisions are not as impressive.  For the SC
sample the inclusion of the inconclusive region
did not effect the single false negative decision,
however it reduced the true positive decisions
from 17 to 14 (an 18% improvement).

For the MC sample, 2 of 7 (29%) false
negative decisions were shifted into the
inconclusive region and the same happened to
3 out of 23 (13%) true positive decisions.

Mean per Comparison Point

The NS technique is a procedure to
note and gather data in a reliable manner but
is not necessarily the optimal method to
integrate this data.  Table 3 presents the
frequencies and percentages of the comparison
point scores, with positive, negative and zero
signs, gathered from two collections of data for
guilty and innocent examinees separately.
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Table 3
Comparison point score signs for guilty and innocent.

Criterion Actually Guilty Actually Innocent

Score Sign - 0  + - 0  +
Severe Crimes Total = 1674 Total = 4749
Number 693 704 277 1146 2165 1438
Percent 41.4 42.1 16.6 24.1 45.6 30.3
Minor Crimes Total = 2928 Total = 2784
Number 1081 1232 615 620 1159 1005
Percent 36.9 42.1 21.0 22.3 41.6 36.1
Mean
Percent 39.2 42.1 18.8 23.2 43.6 33.2
Across Crimes

Table 3 reveals that zero scores are
consistently more than 40% of all scores
assigned to the polygraph records.  For the
guilty suspects, across crime samples, scores
with negative signs exceed the scores with
positive signs by more than 20% while for the
innocent suspects the positive scores are only
10% more than the negative scores.  A closer
look at Table 3 reveals that the difference
originates from the severe crime sample where
the guilty suspects produce about 25% more
negative scores than positive scores and the
innocent group produce positive scores in
excess of negative ones by only 6%.  The very
high proportion of negative scores in the

innocent group implies that a relatively minor
deviation from the average may have serious
consequences.

The minor crimes sample seems to be
less vulnerable. It presents similar but
opposite figures for guilty and innocent
suspects with about a 15% difference between
them.

Table 4 sums up the figures of Table 3
into percentages of agreement and disagree-
ment with the ground truth and separates
them into the three physiological measures.

Table 4
Percent agreement between the ground truth and comparison point score signs for the two

crime samples and the three physiological measures.

Severe
Crimes

Minor
Crimes

Agreement Zero Scores Disagreement Agreement Zero Scores Disagreement
Measures % % % % % %
Respiration 38.35 35.73 25.92 44.54 32.83 22.64
SRR 26.34 54.65 19.01 32.72 49.16 18.12
Cardiovascular
Activity

34.84 43.62 21.53 32.30 43.59 24.11

Mean 33.18 44.67 22.15 36.52 41.86 21.62
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The results of the two samples, over
physiological measures, are very similar:
About 36% of the responses in the MC sample
and 33% in the SC sample are scored in
accordance with the actual state of the
suspect toward the investigated crime.  About
22% of the responses in the two samples are
in the opposite direction.  This means that the
decision is based, on the average, on 13% of
the responses in the test.  When the different
physiological measures are regarded
individually, Table 4 shows that for severe
crimes a difference of 13% is preserved for the
respiration and cardiovascular measures but
for the SRR the difference decreases to only
7%.  The difference for the SRR in the MC
sample is 14%, but for respiration it increases
to 22% and for the cardiovascular it decreases
to only 8%.  The zero scores percents for the
two samples are very similar, with a relatively
large proportion of these scores for the SRR
(about half of the scores) and a relatively low
percent for respiration.

In light of the results presented in
Tables 3 and 4, the widespread use of raw
scores sums to determine polygraph outcomes

should be reconsidered. Many polygraph
records exhibit a small difference between the
number of positive and negative scores and
the use of raw scores sums may lead to a
decision based on a record which is not clear
enough.  The problem is not acute for short
records since the raw scores sum will probably
be assigned to the inconclusive region.
Records with many comparison points and a
small difference between the percentages of
positive and negative scores, increase the
probability that the raw score sum will fall in a
decision region.

To demonstrate the long records
problem, the records of both MC and SC
samples were divided into two groups
according to the length of the record.  The
cutoff point was 27 comparisons.
Consequently, the SC sample was divided into
35 short and 34 long records and the MC
sample was divided into 26 short and 34 long
records.  The distribution of raw scores results
for actually guilty and actually innocent
suspects according to the length of the records
are presented in Table 5.

Table 5
Distribution of raw NS scores according to the ground truth and the length of the records.

Length of Records
Actually Guilty Actually Innocent Across Subjects

Record's
Length

Long Short Long Short Long Short

DI 9 5 5 0 14 5
Severe Crimes Inc 0 3 5 12 5 15

NDI 1 0 14 15 15 15
DI 9 11 4 0 13 11

Minor Crimes Inc 4 1 1 3 5 4
NDI 5 0 11 11 16 11

     Note.   The selected inconclusive regions for the Severe Crime sample
     -4 / -1 and for the Minor Crimes  -3 /  0.

Table 5 presents a strong connection
between long records and false decision
probability.  All 6 false positive and false
negative decisions in the SC sample, and all 9

errors of both types in the MC sample are
found in long records.  It seems that when a
clear result is manifested on the record after
three repetitions of the question battery the
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polygraph examiner tend to end the test and
report the result.  When the decision is not
clear the examiner tends to continue with the
test hoping that the forthcoming repetitions
would clarify the result.  Unfortunately, this
approach may lead to false decisions.

To overcome the problem, the raw
score sum was replaced with the mean score
per comparison point (MCP). The MCP is
considered as a single score assigned by one
scorer to one comparison of responses to
adjacent relevant and control questions in a
single physiological measure.  The theoretical
maximum MCP is 3.00 and will occur only
when all three examiners decide that the
responses to all control questions are greater
than those to all adjacent relevant questions
and the difference is judged to has the
maximum value (+3).  This should occur in all
three measures for all the questions in the
record. In general, a positive mean score

indicates a relatively stronger response to the
control questions. Conversely, -3.00 is the
theoretical minimum score possible, and
negative mean score indicates that the
responses to the relevant questions in a given
record are stronger than those to the adjacent
controls.  In order to compare the validity of
the MCP with that of the NS raw scores, the
MCP score for each record was computed.

The optimal inconclusive region for the
MC sample has boundaries of -.2 and +.1.
Thus, all MCP scores less than -.2 are
considered as deception indicators (DI), while
all MCP scores greater than +.1 are considered
as no deception indicators (NDI). All other
MCP scores are considered inconclusive.
Similarly, the optimal inconclusive region for
the SC group was determined. The region has
boundaries of -.2 and 0.  Table 6 presents the
distribution of MCP scores in each of the three
decision regions for both SC and MC groups.

Table 6
Distribution of MCP scores according to the skewed inconclusive regions for the two samples.

Actually Guilty Actually Innocent Across Subjects

DI 12 1 13
Severe Crimes Inc 5 21 26

NDI 1 29 30
DI 17 2 19

Minor Crimes Inc 9 9 18
NDI 4 19 23

      Note.   The selected inconclusive regions for the Severe Crime sample
      -.2 / 0 and for the Minor Crimes  -.2 / +.1.

Table 6 reveals that the distribution of
MCP scores in the three decision regions
eliminate many of the false positive decisions
found for the raw score sums.  This is true for
both MC and SC groups.  When the SC group
is considered, 4 out of 5 (80%) false positive
decisions were shifted into the inconclusive
region while none of the 29 true negative
decisions were affected.  For the MC group, 2
out of 4 (50%) false positive decisions were
included in the inconclusive region at the price

of 3 out of 22 (14%) true negative decisions.
In the actually guilty suspect group, the only
false negative decision in the SC sample was
unaffected by the change from NS raw scores
to MCP scores, but 2 out of 14 (14%) true
positive decisions were shifted into the
inconclusive region.  For the MC group a
similar percent of false negative (1 out of 5,
(20%)) and true positive (3 out of 20 (15%))
decisions were changed to inconclusives.
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The Intersection Rule

The effect of a hybrid method, based on
the NS technique and the GRE method of
record interpretation, upon correct and
incorrect decision rates, was investigated.  For
this purpose, the evaluations of the three
evaluators on the 5-point scale were summed
up yielding a 13 point continuum in which the
first score (3) reflects an unanimous decision
of the three evaluators that the suspect is
undoubtedly deceptive, while the last (15)
reflects a consensus about a strong truthful
decision.  The 13-point continuum was divided
into three decision regions which best
discriminate between guilty and innocent
suspects. The first consisted of the five

extreme DI evaluations (sums of 3 to 7,
inclusive).  The second gathered all evaluation
sums between 8 and 10 inclusive,
(inconclusive region), and the third consisted
of all the sums greater than or equal to 11
(NDI region).

A new decision rule was now defined,
according to which a result would be
considered truthful only if it is included in
both NS and GRE NDI regions. The same rule
was applied to the deceptive results.  All other
decisions which did not meet the demands of
the intersection rule were regarded as incon-
clusives.   Table 7 presents the distribution of
MCP scores in the three decision regions after
applying the intersection decision rule.

Table 7
Distribution of MCP scores in the three decision regions for the two samples after applying

the intersection decision rule.

Actually Guilty Actually Innocent Across
Suspects

DI 11 0 11
Severe Crimes Inc 6 30 36

NDI 1 21 22
Minor Crimes DI 17 1 18

Inc 11 10 21
NDI 2 19 21

Table 7 reveals that for the MC group
the intersection rule eliminated 3 out of 6
(50%) errors (1 false positive and 2 false
negative errors).  Furthermore, the rule has no
effect on the correct detection rate of both true
positive and true negative decisions.  When
the SC group is considered, the decision rule
shifted the only false positive error to the
inconclusive region but did the same to 8 out
of 29 (28%) true negative decisions.  For the
guilty group of subjects, the intersection rule
reduced the true positive decisions from 12 to
11 (-8%).  While not being impressive, even the
results for the SC group seem to justify the
use of the intersection rule.

For both samples the decision rule
eliminated half of the errors.  The price in
reduction of correct decisions was relatively

low (0% in the MC group and 22% in the SC
group).

Conclusions and Suggestions

The robustness of the present results
lean on the fact that the reported decision
rules apply to two independent and completely
different samples of polygraph records.  On
this ground it is recommended to use both
semi-objective numerical scoring and global
record evaluation techniques.  For each, an
inconclusive region should be included
because, as the present analyses show, such a
region considerably reduces both false positive
and false negative errors, at a price of
relatively lower reduction of the correct
decisions.  The inconclusive region boundaries
seem to be slightly skewed in the direction of
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the negative scores, and this tendency is
somewhat stronger for the SC group when
compared to the MC group. It is further
recommended to replace the NS raw scores
sums with MCP scores which standardize
results of records with varied length and
eliminate many of the errors which result from
this variation.  Finally, it is suggested to apply
an intersection decision rule to both MCP and
GRE results. This may lead to a further
substantial reduction of both false positive and
false negative errors from a rate of about 10%
to a rate of about 5%.  At the same time the
inconclusive region is expected to grow from
about 30% to about 40%.

It must be noted, however, that a large
proportion of the polygraph records in the

present study were verified by confessions.
This may introduce a sampling bias since the
confession is not independent of the polygraph
outcomes and the probability that a suspect
will confess may depend on the polygraph
results. Hence, deceptive outcomes may
encourage interrogation efforts to induce a
confession, while a truthful outcome may
convince the interrogator to stop interrogating.
This may result in an underestimation of the
false-negative rate. On the other hand, one
cannot exclude the possibility of false
confessions. In this case the false negative rate
may be overestimated. Hence, the verified
sample is not representative of the population
of polygraph examinations (Elaad and
Schachar, 1985).

References

Backster, C. (1969).  Technique fundamentals of the tri-zone polygraph test.  New York: Backster
Research Foundation. Inc.

Barland, G.H. & Raskin, D.C. (1975).  An evaluation of field techniques in detection of deception.
Psychophysiology, 12, 321-330.

Elaad, E. & Schahar, E. (1985).  Polygraph field validity. Polygraph, 14, 217-223.

Podlesny, J.A., & Raskin, D.C. (1977).  Physiological measures and the detection of deception.
Psychological Bulletin, 84, 782-799.

Podlesny, J.A. (1993).  Is the guilty knowledge polygraph technique applicable in criminal
investigations?  A review of FBI case records. Crime Laboratory Digest, 20, 57-61.

Raskin, D.C. (1989).  Polygraph techniques for the detection of deception. In D.C. Raskin (Ed.),
Psychological Methods in Criminal Investigation and Evidence. New York, Springer Publishing
Company.

Reid, J.E., & Inbau, F.E. (1977). Truth and deception: The polygraph ("lie detection") technique. 2nd
ed. Baltimore: Williams & Wilkins.



Rank Order Analysis

Polygraph, 1999, 28 (1) 74

Rank Order Analysis

Kathleen Miritello

The name Rank Order Analysis literally
explains this procedure, as it is a "ranking" of
the questions on a chart from greatest to least
responsiveness.  In rank order chart analysis
each physiological parameter (respiration,
electrodermal, and cardiovascular) is
evaluated separately.  The benefits of rank
order analysis include:

1.  A systematic approach to chart
evaluation which has been proven in
research studies to be more accurate than
a visual or global review.

2.  Each physiological parameter is
evaluated separately and given equal
emphasis in the decision process.  An
examiner cannot ignore or overlook any of
the parameters based on individual prefer-
ences or biases.

3.  Rank order analysis provides the
examiner with a cumulative picture of the
consistency and intensity of reactions on
the polygraph charts.  It serves to organize
the data contained in the charts, and is
especially helpful when reactions are
inconsistent, chart quality is marginal, or
numerous charts have been run.

4.  Use of this procedure enhances the
examiner's confidence in the final con-
clusion by providing a good foundation for
the decision.  It can serve as a quality
control check of the charts in the field
when an examiner is without benefit of an
on-the-spot QC for his or her charts.

5.  A systematic and objective chart
analysis prevents the examiner from
ignoring or rationalizing the pattern of
reactions on the charts.   Rank order ratios
force the examiner to recognize which

questions were consistently most reactive,
despite any possible behavioral clues
which may appear to be indicating
truthfulness.

6.  The recorded rank order analysis
results allow for a more effective quality
control review by providing a definitive
record of the examiner's chart analysis
which can be compared with the findings
of the QC supervisor.  Any source of poss-
ible disagreement is readily identified.

7.  The reliability of chart analysis, an
important measure which is related to
validity, can be clearly demonstrated
through use of rank order analysis.

8.  The chances of an improper
inconclusive call are reduced with rank
order analysis.  In some cases which might
otherwise be considered inconclusive, the
use of this technique can define potential
areas of deception more clearly in the
charts, steering the examiner's interro-
gation in the proper direction in order to
gain information.

Rank order chart analysis is performed
by the following steps.

Step 1.  The number of questions to be
evaluated per chart determines the values to
be assigned in ranking the questions.  Count
the number of questions to be evaluated on
each chart and subtract 1.  The resulting
number should be awarded to the question
you feel has the largest reaction in respiration.
For example, if there are 6 questions to be
evaluated, 6 - 1 = 5.  The largest respiration
reaction will be given a 5.  The second largest
reaction should be given a 4, and so on down
to 0 for the question with the least or no

Editor's note:  This paper was written by Ms. Miritello in 1988 as instructions on conducting rank order analysis for
multiple-issue examinations, and was archived among the holdings of the Department of Defense Polygraph Institute.  It was
updated for publication here.
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reaction.  This procedure is repeated for the
electrodermal and cardiovascular patterns,

again ranking the questions in order of
response down to 0. (See example below.)

         Chart #2: Questions A, B, C, D, E, and F.

Question A B C D E F
Rank 2 5 3 4 1 0

Step 2.  If you believe reactions to
questions are of equal strength, add the value
of the ranks they would be assigned and divide
by the number of questions involved.  In the
example below, question B stands out clearly
as being the most reactive.  It is assigned a
rank value of 5. The next most reactive
questions, D and C, appear to be of equal
strength.  The values that would be assigned

next are 4 and 3. These are added together,
and then divided by the number of tied
questions: 4 + 3 = 7; -7/2 = 3.5.  Questions D
and C are then both assigned values of 3.5.
You continue to assign the remaining values
where the ranks left off since values 4 and 3
have already been assigned, 2 is given to the
next most reaction question, A, and so on
down to 0.

Question A B C D E F
Rank 2 5 3.5 3.5 1 0

Step 3.  If you feel an entire parameter
cannot be evaluated (e.g., PVC contamination,
totally erratic respiration, completely flat
electrodermal tracing), give all questions the
average rank for that parameter.  In the

following example, acceptable tracings exist in
the respiration and electrodermal channels,
but the ranks of the cardiovascular channel
are averaged due to excessive PVC
contamination.

Question A B C D E R
Respiration 2 5 3.5 3.5 1 0
Electrodermal 3 4 2 5 0 1
Cardiovascular 2.5 2.5 2.5 2.5 2.5 2.5

Step 4.   Next, the totals are added for
each question by summing the values
assigned to each parameter.

Question A B C D E F
Rank 2 5 3.5 3.5 1 0
Electrodermal 3 4 2 5 0 1
Cardiovascular 2.5 5 4 2.5 1 0
Total 7.5 14 9.5 11 2 1

Step 5.  This process is completed for
each separate chart.  The examiner has the
option of evaluating only the relevant and
comparison questions, or also evaluating

irrelevant questions.  At a minimum, all rele-
vant questions and at least one comparison
question should be evaluated.
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Step 6.  The final step is to calculate
ratios for each question.  Ratios provide some
indication of the degree of separation between
the questions by placing them against a 0 to
1.0 scale.  Also, in tests where the relevant
questions are not asked an equal number of
times, ratios make adjustments for the
differences in the resulting totals to allow for a
fair comparison between questions.  Ratios are
calculated by dividing the total value for each
question by the maximum possible total for
that chart.  This maximum value is deter-
mined by summing the values accorded to the

highest rank in each parameter.  In the
examples we have shown, the highest value for
each parameter was a 5, since we were
evaluating 6 questions.  A maximum of 5 for
the respiration channel, plus 5 for the
electrodermal channel, plus 5 for the
cardiovascular channel, equals a maximum
possible total of 15.   Using the totals from the
example shown above, the ratio for A would be
7.5 divided by 15, or .50. The remainder of the
ratios have been calculated and are shown
below.

Question A B C D E F
Respiration 2 5 3.5 3.5 3.5 0
Electrodermal 3 4 2 5 0 1
Cardiovascular 2.5 5 4 2.5 1 0
Totals 7.5 14 9.5 11 2 1
Ratios .50 .93 .63 .73 .13 .07

To calculate rank order ratios for a
question after several charts, the totals from
each chart are added together and divided by

the maximum possible value for each of the
charts. For example, question G received the
following total values:

Chart 4: 11     (Maximum possible value = 15)
Chart 5: 9.5    (Maximum possible value = 15)
Chart 6: 7.5    (Maximum possible value = 12)

     (only five questions were  ranked)

The total for question G would be 28
and the ratio is determined by dividing that
figure by 42 (the sum of the maximum
possible values) = .67.

However, in another example, question
H is asked twice and results in the following
figures:

Chart 4: 11    (Maximum possible value = 15)
Chart 5: 14    (Maximum possible value = 15)

Even though the final total, 25, is less
than the total for question G, the ratio
indicates that question G was actually more
reactive ; 25/30 = .83.

It is extremely important to keep in
mind that rank order analysis does not provide

any automatic cut-off scores which can be
used to reach firm conclusions of truth or
deception.  The purpose of the rank order
ratios is to provide the examiner with more
accurate information for applying the prin-
ciples of chart analysis already in use.
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Scoring in a Computer Age

James Wygant

The extensive use of computer-aided
chart evaluation brings new focus to manual
scoring.  The obvious questions are: 1) when is
manual scoring necessary; and 2) what is the
best means of resolving a discrepancy between
a manual score and a computer result?

Examiners are not apt to find answers
to those questions in any research, except to
the extent that the value of manual scoring is
well established by numerous studies over the
past 25 years.  Despite widespread acceptance
of the concept of scoring, actual practice falls
into four general categories.  An examiner may
manually score all charts from every exam-
ination, even the most obvious.  He may score
only the charts that are not obvious.  He may
score only the exams for which he can not
otherwise reach a "global impression" of truth
or lie. And finally, the examiner may score
nothing, relying entirely on "global impres-
sions" or on a computer if he or she has one.
We could argue that these four options happen
to have been listed in order of best to worst
practice. Fortunately for the profession,
informal surveys of examiners confirm that
most manually score everything, even when
using a computer.

If nearly everybody agrees that scoring
is the best way to evaluate charts, there are
varying opinions about what range of numbers
to use when matching issue questions
(relevants) against comparison questions
(controls).  Cleve Backster, who is generally
credited with devising numerical scoring, set
the range at +3 to -3. Zero meant no
distinguishable difference between physio-
logical responses on an issue question and a
comparison question. A score of 1 meant a
slight difference.  Two meant a noticeable
difference.  Three was reserved for whoppers
and for what Backster called "upgrading." A
plus score meant greater response on the
comparison question; a minus meant the issue
question produced the greater response.

Backster applied scoring to what he
called the "you phase" test, a reference to the
"did you do it" thrust of the issue questions,
basically a single-issue test by another name.
Perhaps an unintended and unanticipated
consequence of the increase in use of
numerical scoring has been a gradual and
universal change in test formats, even among
those who don't know a "you phase" from a "U-
boat."  When testing specific allegations, most
examiners now use a comparison question
format that includes 2-3 issue questions and
2-3 comparison questions. The issue ques-
tions often constitute a single issue or at least
issues that are so closely related that a lie to
any one, or truth on any one, forces the same
for the others. There are fewer and fewer
instances in specific allegation testing of mixed
issues and relevant-irrelevant formats, neither
of which is as well adapted to scoring as a
single issue.

The scoring range that Backster
advocated, +3 to -3, is commonly identified as
the seven-position scale, because it encom-
passes seven possible values, including zero.
The range might just as well have been +99 to
-99, although the addition and subtraction
necessary to calculate totals would have been
more cumbersome, and cutoffs applied to total
scores would need to be higher. Still, any
range of numbers will works with the
appropriate cutoffs. There is nothing sacred
about +3 and -3, except that those numbers
offer a range of values that are relatively easy
to use.

In actual practice, examiners who use
the seven-position scale rarely assign values of
+3 or -3.  That is reflected in research by
Capps and Ansley (1992a).  In 440 cases, with
11,682 separate comparisons of responses,
examiners assigned threes to the extent shown
in Table 1.  The numbers represent the per-
centage of all values that were either +3 or -3.

The author is a polygraph examiner in private practice.  Reprint requests should be sent to him at The Mayer Building, 1130
SW Morrison St, Ste 220, Portland, OR 97205.
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Table 1.  Percentages of +3 or -3 scores among 440 cases.  (from Capps & Ansley, 1992a).

Chart Pneumograph Electrodermal Cardiograph

   1       1.3       18.6       2.8
   2       1.2       19.6       2.2
   3       3.1       23.9       4.3

Two things are obvious from the tabled
data.  Threes are rarely given to pneumograph
or cardiograph reactions; and they are used
with the electrodermal function to such a
disproportionate extent that the examiner
gives substantially more weight to that one
tracing.  The cause of this phenomenon rests
within the nature of the tracings. The
electrodermal tracing is much simpler to score
than the pneumograph or cardiograph
tracings.  It consists of a smooth flowing line
that rises and falls in measurable increments.
Differences that warrant a three in scoring are
easier to observe and can be justified with a
ruler. The cardiograph and pneumograph
tracings are more complex, relying to a greater
extent on subjective judgement, and conse-
quently invite argument about the magnitude
of a score.  Polygraph examiners are like most
other people, preferring a safe, conservative
course rather than one that can lead to a
dispute.  That translates to fewer threes given
to respiration and cardiograph tracings.

Other Scoring Methods

Many examiners use a five-position
scale, +2 to -2, and thereby avoid weighting
the electrodermal channel.  In the past few
years many have also begun using a three-
position scale, +1 to -1.  The rationale for the
three-position scale is that it is allegedly the
most objective.  It relies simply on the
presence or absence of a scorable response.
Those who use it will tell you that they
distrust examiner judgment in deciding when
the difference between issue and comparison
questions is great enough to permit a +2 or -2.
On the other hand, those who use twos argue
that not all differences in responses are of the
same magnitude.  They assert that since some
differences are clearly greater than others,
provision must be made for that in scoring.

A separate Capps and Ansley study
concluded that the inconclusive rate with a

three-position scale was more than double
that obtained with a seven-position scale,
although accuracy remained equally high with
both methods for those cases in which a
decision was made.  The researchers used 100
verified single-issue examinations. The diff-
erence in inconclusive rates was greatest for
the 52 verified deceptive tests. The three-
position scale produced an inconclusive rate of
23%, while the seven-position rate was only
4%.

Apart from concern about inconclusive
results, the various methods rarely contribute
to any difference of opinion in test results.
Two examiners using different scoring ranges
should theoretically arrive at the same result
of truth or deception, if able to reach any
conclusion at all.  If the conclusions differ, the
fault does not lie with the numbers, but with
the different judgments the two examiners
have made regarding what they think they are
seeing on the same set of charts.

Research might someday help resolve
the issue of scoring ranges, but in the
meantime we tolerate examiners using a
variety of number systems. Other non-
numerical systems, for instance involving
check marks, have also been proposed over
the years.  All note-keeping systems have the
same goal, to create a simple method for the
examiner to track what he or she has observed
through an entire examination.

The amount of data an examiner must
consider is considerable. A chart usually
includes at least four channels: two respir-
ation records, an electrodermal tracing, and a
cardiograph tracing.  A typical chart might
also consist of three issue questions and three
comparison questions. The examiner will
usually assign three scores per issue question;
one for respiration, one for electrodermal, and
one for cardiograph.  To arrive at those scores,
the examiner must make comparisons
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between an issue question and at least one
comparison question.  For an examiner who
looks at more than one comparison question,
the numbers given here as examples are only
going to get bigger.  Even though the examiner
assigns only one score for respiration, both the
upper and lower tracings must be reviewed.
The total number of judgments an examiner
must make for one question on one chart is
therefore at least eight (looking at each tracing
for the issue question and one comparison
question).  For three issue questions on one
chart, that is 24 judgments.  For three charts,
that is 72 judgments, a lot to remember
accurately and to tabulate without some kind
of system.

We will assume that an examiner is
convinced that he needs to keep a written
notation of what he is seeing during his chart
evaluation.  He must then decide what he will
do with that data, after he's gone to the
trouble of collecting it.

Results Reporting

Most examiners refrain from referring
to their scores when they report test results.  If
a defense attorney or deputy district attorney
gets "trained" by one examiner regarding his
cutoffs and the strength of his results, he is
apt to assume that all examiners score the
same.  Although polygraph testing has become
highly standardized, the fact is that some
examiners score conservatively, others are
more generous in assigning values, some use a
range of +1 to -1, while others range from +3
to -3.  One examiner's score on a set of charts
may be +12, while another's is +6.  That is not

a problem for either examiner, since they both
conclude truthfulness.  It may be a problem
for an attorney who thinks that scores are as
concrete as the inches on a ruler and that
something must be wrong if there is a six-
point difference.

The simplest method of avoiding that
kind of confusion is to avoid reporting
numbers, either those derived from manual
scoring or from computer evaluation.  The
numbers are not the result.  The result is what
the examiner concludes from the numbers and
anything else his training and experience
cause him to believe is relevant and can be
justified.

That also means that cutoffs are not
absolute.  Most examiners use +6 and -6 as
minimum scores necessary for a finding of
truthfulness or lying in a single-issue
examination that consists of three issue
questions and three charts.  In fact, cutoffs as
low as +3 and -3 have been shown to work
nearly as well, while reducing the number of
inconclusive results.

In an article about the selection of
comparison questions in scoring, Michael
Capps and Norman Ansley (1992b) coin-
cidentally reported interesting data regarding
cutoffs.  They had eleven examiners score forty
examinations, for a total of 440 conclusions.
The tests were single-issue procedures
consisting of two issue questions.  Best results
were obtained from comparing each issue
question to the stronger adjacent control.  The
results were tabulated with various cutoffs.
(See Table 2)

Table 2.  Correct, incorrect, and inconclusive outcomes for eleven examiners scoring 40
examinations.  (From Capps & Ansley, 1992b).

Cutoff Number Correct Number Incorrect Number Inconclusive Percent Correct

+/-6 361 10 69 97.30%
+/-5 368 13 59 96.60%
+/-4 382 13 45 96.70%
+/-3 386 17 37 95.80%
+/-2 395 24 22 94.30%
+/-1 402 28 10 93.50%
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It doesn't take any advanced math to
see that as the cutoffs were lowered two things
happened: the number of inconclusive results
declined and the number of mistakes
increased, though not as dramatically.  Errors
went up from 10 to 17 when the cutoff was
changed from +/-6 to +/-3.  At the same time,
inconclusives were cut nearly in half, from 69
to 37, representing a drop in the inconclusive
rate from 15.7% to 8.4% and a corresponding
rise in the error rate from 2.7% to 4.4%.

The point of reviewing these data is not
to advocate lower cutoffs, but only to illustrate
that there are two primary determining factors
in setting cutoffs.  The first is accuracy.  The
second is inconclusive rate.  Any examiner
who is suffering an inconclusive rate greater
than 20% may want to consider either scoring
more aggressively or lowering cutoffs, or both.
On the other hand, any examiner who has an
exceptionally low inconclusive rate is probably
making too many mistakes.

Human vs. Computer

That brings us to a question raised in
the first paragraph: what should an examiner
do about a difference of opinion between his or
her score and a computer result?  That is a
question every examiner who uses computer-
aided scoring must expect to address at some
point.  A difference is certain to occur.  It
should not happen often, and it should rarely
be a circumstance of opposite opinions, one
concluding truth while the other concludes
lying.  This is an area too new for research
results to be available.  Anecdotal information
suggests that differences are occurring for
most examiners less than 10% of the time; and
most of the differences are only one degree (the
examiner's manual score indicating a definite
result while the computer says it's incon-
clusive, or the reverse of that.

Any examiner who frequently disagrees
with his or her computer may want to ask
some human colleagues to review a few
examinations.  If everybody is getting results
that differ from the examiner who gave the
test, that examiner needs to figure out why.

Occasional differences can derive from
several sources.  In using computer-aided
evaluation, it is imperative that the examiner

not mix issues.  The computer software was
written with the assumption that the examiner
is submitting a single-issue test, or at least
one in which the issue questions address
something in which lying to one presumes
lying to all.   Asking a computer to evaluate a
test in which one question asks about stealing
money from the victim, one asks about raping
the victim, and one asks about the suspect's
alibi is an invitation to disaster.  The people
who wrote the software assumed the examiner
would be using the best test available, which
research indicates is the single issue.  The
software programmers have repeatedly cau-
tioned that a computer conclusion of truth or
lie in a mixed issue test may not be reliable.

Another consideration that is within
the examiner's control is the care he or she
exercises in manually removing distortion from
the computer's consideration.  Although the
computer algorithms are good at identifying
many forms of distortion, they can miss the
most obvious.  It is the examiner's respon-
sibility to feed in good data if he or she expects
to get back reliable results.

There is one other common source of
differences that, unlike the others, is totally
beyond the examiner's control. It is the
method by which the charts are evaluated.
Examiners are generally limited to comparing
an issue question to a control on either side of
it.  To jump much further away from the issue
question makes the comparison more difficult
and is usually not attempted unless there are
no better options.  A computer does not suffer
that same handicap.  It can make comparisons
and do statistical analyses that encompass all
of the charts, not just limited portions of any
particular chart.  That does not mean that its
results are necessarily more accurate or
reliable, but they are certainly more compre-
hensive.

Faced with a difference, what should a
conscientious examiner do? Since the
examiner must assume responsibility for the
result, he or she should not automatically
either accept or reject a computer result that
differs.  Further testing or review by another
examiner is often helpful and probably should
be the first consideration, before issuing a
report in a case where examiner and computer
disagree.   There may occasionally be cases in
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which the examiner is comfortable reporting
that his or her result was definite truth or lie,
while the computer was inconclusive, or vice
versa.

Whether an examiner even mentions a
difference with a computer depends to a great
extent on how he or she routinely writes
reports.   If reports typically make no reference
to a computer result, the examiner can
continue to give an opinion without
mentioning any difference with the computer.
It may lead to some surprises, disputes, and
disappointments later on, but at least there
can be no demonstration that the examiner
tried to conceal information he or she would
have otherwise ordinarily reported. The
examiner in those circumstances can always
argue that he considered the computer result
advisory, along with his own score, his
observations, and whatever else he believes
justifiably contributes to his opinion.

When an examiner does routinely
mention the computer result in his reports,
omitting it when there is a difference of
opinion can lead to serious problems. To
reveal a difference belatedly suggests an
attempt to hide something and can damage
the examiner's credibility.

The styles for describing a non-
agreeing computer opinion vary considerably.
A report might say: "Based on a review of my
own numerical evaluation and other factors
that included computer evaluation of these
charts, I conclude that these charts indicate
deception/truthfulness with regard to the

questions about the issue." There is no
mention of what the computer concluded, only
that it was taken into consideration.  This is
probably the least desirable mode of reporting.
A more candid version would say: "I conclude
from my numerical evaluation of these charts
that they indicate lying/truthfulness with
regard to the questions about the issue.
Computer evaluation of these same charts
produced an inconclusive result."   The reverse
situation, manual inconclusive and definite
computer result, might be worded: "It is my
opinion, based on my evaluation of these
charts, that they are inconclusive.  Computer
evaluation indicated lying/truthfulness to the
questions about the issue, which I do not find
supported by the charts."

The common factor in all of these
samples is that the examiner (the big "I" in the
examples above) assumes full responsibility for
the result he or she is delivering.  There is no
attempt to characterize the conclusion as
something beyond the examiner's control, the
automatic determination of either a computer
or some mystical scoring system.  After all, if
an examiner wants to give the impression that
this game is played solely by the numbers,
then he is advancing the notion that he is
about as skilled as the Roto-Rooter man.

Whether any examiner reports any
computer result is ultimately a matter of
personal preference.  How he or she responds
to any differences of opinion, whether with a
computer or another examiner, is always a
reflection of the examiner's professional
stature and self-confidence.
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Short report

Proposed Method for Scoring Electrodermal Responses

Donald Krapohl

The material in this report is drawn
from a larger study which is in progress.  The
data from 300 polygraph cases were randomly
selected from the Department of Defense
Polygraph Institute confirmed case database.
Half of the charts were from truthful
examinees and the other half were from
deceptive examinees.  All cases were single-
issue examinations conducted in the field on
computer polygraphs by federal or law
enforcement polygraph examiners.  Ground
truth was established by confession of the
subject, confession of someone who
exculpated the subject, or other irrefutable
forensic evidence.  Accuracy of the original
examiner decision was not a criterion for
inclusion of the cases in the database.  The
test format for all cases was the DoDPI Zone
Comparison Test (DoDPI, 1992).

The electrodermal response (EDR) data
were standardized as the ratio of the relevant
question EDR amplitude divided by the
amplitude of the greater adjacent comparison
question, within each chart.  A total of 2700
EDR ratios were calculated from the 300 cases
(3 charts consisting of 3 relevant questions
each per case).  The distribution of ratios was
sequentially divided into seven groups such

that all groups had the same number of ratios.
Each division corresponded to one of the
values used in the seven-position scale:  +3,
+2, +1, 0, -1, -2, -3.  Ratios greater than 1.00
indicated greater EDR amplitudes to the
relevant question than to the comparison
question, while ratios smaller than 1.00
indicated the EDR to the relevant question was
less than the EDR to the comparison question.
Table 1 lists the cutting scores based on the
present data.

The scores obtained using this method
were compared to those of the 2:1, 3:1, 4:1
requirements of the conventional (DoDPI,
1999) scoring rules with these 300 cases.  The
proposed method produced a mean score per
case more in the correct direction for deceptive
(t(149)=11.34, p<.01) and nondeceptive
(t(149)=15.25, p<.01) than did the conven-
tional scoring rules (see Table 2).  Moreover,
the proposed method produced a higher
proportion of EDR total scores in the correct
direction than did the conventional method
(86.3% versus 74.0%, z=3.77, p<.01).  In
short, the proposed method outperformed the
conventional method for scoring the EDR with
these 300 field criminal cases.

Table 1
Cutting scores for the seven-position scale and the corresponding ratio of relevant question

EDR amplitudes and comparison question EDR amplitudes. (n=2700 ratios)

7-Position Value EDR Ratios (R/C)
+3 <.44
+2 .44 - .67
+1 .68 - .92
0 .93 - 1.20
-1 1.21 - 1.60
-2 1.61 - 2.44
-3 >2.44
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Table 2
Mean values for the conventional and proposed method of scoring the electrodermal channel

by case (n=150 deceptive and 150 nondeceptive cases)

Conventional Proposed
Deceptive cases -4.37 -8.33
Nondeceptive cases 3.53 8.43

Table 3
Conventional and proposed ratios for scoring EDRs

Greater response to
relevant question

Greater response to
comparison question

Comparison R:C R:C R:C R:C R:C R:C
Score -3 -2 -1 +1 +2 +3
Conventional 4 : 1 3 : 1 2 : 1 1 : 2 1 : 3 1 : 4
Proposed 2.45 : 1 1.61 : 1 1.21 : 1 1 : 1.09* 1 : 1.49* 1 : 2.27*

*  Note:  These values are reciprocals of the ratios found in Table 1.  They have been inverted in
Table 3 to facilitate the comparison with the more familiar conventional ratios.

In the first of two cross validations of
the proposed scoring rules, a holdout sample
consisting of 30 confirmed deceptive and 30
confirmed nondeceptive cases were tested.
Applying the proposed scoring method to these
new data, the mean of the total EDR scores for
deceptive cases was more negative than those
scores rendered by the conventional scoring
rules (-10.5 versus -5.6) and this difference
was significant (t(29)=7.37, p<.01).  Similarly,
the mean of the total EDR scores for
nondeceptive cases was more positive than
those of the conventional scoring system (7.1
versus 2.7) and this difference was also
statistically significant (t(29)=5.62, p<.01).
The proposed method produced 54 of 60
scores in the correct direction, while the
conventional method produced only 49,
though the difference in the proportions was
not significant (z=1.32, p>.01).  A second cross
validation with 100 new cases will be
completed and reported later this year.

It is interesting to note that the
proposed scoring rules are not symmetrical.
The assignment of a negative value to the
relative sizes of the EDR amplitudes (R/C)

requires a stronger response to the relevant
question than does the assignment of a
positive value if the comparison is in the other
direction (C/R).  In other words, the
thresholds for assigning +1,+2, and +3 are
lower than the thresholds for assigning a -1, -
2 and -3.  Table 3 compares the proposed and
conventional ratios.  There are many possible
explanations for this response pattern, but a
working hypothesis is that, on average,
nondeceptive examinees do not respond as
strongly to the comparison questions as the
deceptive examinees respond to relevant
questions.  In support of this hypothesis,
Figure 1 shows the relative sizes of EDRs to
comparison and relevant questions for the 300
deceptive and nondeceptive subjects used to
develop this scoring method.  If nondeceptive
subjects do not react electrodermally to
comparison questions as strongly as deceptive
subjects do to relevant questions, optimal
scoring rules would be asymmetrical, such as
was found here.  The present findings, of
course, require replication.  If confirmed, all
scoring methodologies will have to
accommodate the asymmetry in response
patterns for truthful and deceptive examinees.
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Figure 1

Relative EDR amplitudes for relevant and comparison 
questions for deceptive and nondeceptive examinees 

(n=1350 samples per bar)
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Summary

Despite the near universality of the
conventional EDR ratio scoring rules in
polygraph training and practice, the present
writer could find no support in the literature
for setting the EDR ratios at 2:1, 3:1 and 4:1.
The notion that psychophysiological re-
sponding is so mathematically convenient is
probably unduly optimistic.  Though the
conventional EDR ratios have been part of

validated scoring procedures over the last 30
years, the present findings suggest that those
EDR scoring rules have not been optimized,
and that decision accuracy would benefit by
the development of empirically based scoring
rules.  The method outlined in this report is
one such attempt.  A forthcoming full report
will include the second cross validation data,
and similar analyses of the cardiograph and
pneumograph tracings.
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