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Abstract

Monte Carlo methods and multivariate analysis of variance (ANOVA) were used to 
study criterion accuracy of multiple-issue PDD examinations with two, three, and 
four relevant questions (RQs) – such as those conducted using the USAF MGQT – 
when scored with the seven-position, three-position, and Empirical Scoring System 
(ESS) methods. Test sensitivity to deception exceeded chance (.5) for all scoring con-
ditions with two, three and four RQs. Some differences were observed for different 
treatments, with inconclusive rates decreasing with the number of RQs for criterion 
deceptive cases and increasing with the number of RQs for criterion truthful cases. 
Test specificity to truth-telling was significantly greater than chance only for the 2 
RQ model with ESS scores. No significant differences were found in false-positive or 
false-negative rates for seven-position, three-position or ESS scores with two, three 
or four RQs. However, the likelihood of testing error increased with the number of 
RQs for criterion truthful cases while decreasing for criterion deceptive cases. Ex-
cluding inconclusive results, the unweighted average decision accuracy for criterion 
deceptive and criterion truthful cases exceeded chance, and no significant differenc-
es were observed in unweighted accuracy for the three scoring methods with two, 
three, and four RQs. It was not possible in this study to determine whether this dif-
ference was due to the scoring method or to the use of a norm-referenced cutscores 
and multiplicity correction for ESS cutscores compared to traditional cutscores.

Introduction4

Multiple-issue polygraphs are commonly used 
in polygraph screening – in the absence of a 
known allegation or incident, using two, three, 
and four relevant questions (RQs). The Unit-
ed States Air Force Modified General Ques-
tion Test (USAF MGQT) (Department of De-
fense, 2006; Nelson, Blalock & Handler, 2011; 
Nelson, Handler, Morgan & O’Burke, 2012;  
Senter, Waller & Krapohl, 2008) – for which 
two versions exist in field practice – is an ex-

ample of a polygraph test that can be used 
with two, three and four RQs. Other multi-
ple-issue polygraph formats also exist. Multi-
ple issue polygraphs can be thought of as a 
contemporary variant of the of the comparison 
question technique described by Reid (1947) 
and Summers (1939). The defining character-
istic of multiple-issue polygraphs, including 
the USAF MGQT and other formats – is that 
the relevant questions (RQs) are assumed to 
be independent5. 
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5 Independence, in scientific testing, refers to the assumption that the criterion variance or external state of each individual 
test stimulus is not affected by and does not affect the criterion variance of other test stimuli. Criterion variance is related 
to but distinct from response variance. As a practical matter, both multi-facet and multi-issue examinations are assumed 
to be composed of independent stimuli, and both types are therefore scored and interpreted using question sub-total 
scores, though the independence of sub-total scores of multi-facet examinations has not been supported by previous 
studies.

6 The Federal ZCT cases in Krapohl and Cushman (2006) consisted of three relevant questions that refer to the examinee’s 
involvement a single known allegation or incident. Traditional usage of the Federal ZCT included two relevant questions 
that describe the examinee’s behavior, while the third relevant question is used to describe the examinee’s knowledge 
of incriminating details of the incident or allegation. However, all relevant questions are interpreted uniformly or non-
independently when using the Federal ZCT, and no extant publications have described effect sizes for the independent 
treatment or interpretation of Federal ZCT questions. One of the Marin sample cases included only two relevant questions. 
A total of 299 subtotal scores, regarded as uniformly innocent or guilty, were used for the Monte Carlo seeds of the 
multiple-issues cases in the Monte Carlo model. Whereas the traditional usage of the Federal ZCT involves both the grand 
total and subtotal scores, only the subtotal information was used for seeding parameters for the present Monte Carlo 
study.

The authors found no published studies that 
describe criterion accuracy of this technique 
while varying or comparing the numbers of 
RQs. The present study is an exploratory ef-
fort to extend our knowledge base regarding 
differences in criterion accuracy that may be 
observed as a function of the number of RQs. 
The hypothesis was that the multiple-issue 
polygraphs, with two, three, and four RQs can 
achieve classification accuracy rates that are 
greater than chance (50 %) when evaluated 
with the 7-position, 3-position and ESS meth-
ods. This can also be stated in terms of testing 
errors: wherein the hypothesis is that multi-
ple-issue polygraphs with two, three and four 
RQs can achieve false-positive and false-nega-
tive error rates that are significantly less than 
chance. 

Method

Monte Carlo methods were used to calculate 
confidence intervals for criterion accuracy of 
multiple-issue polygraph examinations with 
two, three, and four RQs, including test sensi-
tivity, specificity, false-positive and false neg-
ative error rates, along with unweighted de-
cision accuracy and inconclusive rates. Data 
were scored and interpreted using the sev-
en-position and three-position test data anal-
ysis (TDA) methods (Department of Defense, 
2006; Harwell, 2000; Krapohl, 1998; Van Herk, 
1990) and the Empirical Scoring System (ESS; 
Blalock, Cushman & Nelson, 2009; Handler, 
Nelson, Goodson, & Hicks, 2011; Krapohl, 
2010; Nelson, Blalock & Handler, 2011;   
Nelson, Blalock, Oelrich & Cushman. 2011; 
Nelson & Handler, 2010; Nelson et al., 2011; 
Nelson & Krapohl, 2011; Nelson, Krapohl, & 
Handler, 2008). Monte Carlo models were con-
structed for the three different scoring meth-

ods, and each of these was evaluated using 
two, three, and four RQs. In addition to these 
nine models, three addition Monte Carlo mod-
els were defined to evaluate the effectiveness 
of the seven-position, three-position and ESS 
scoring methods while randomly varying the 
number of RQs. 

The Monte Carlo space consisted of N = 100 
simulated multiple-issue examinations, for 
which the criterion status of each RQ was set 
independently by comparing a random num-
ber to a fixed base rate. Separate Monte Car-
lo models were created for examinations with 
two, three and four RQs, and the number of 
RQs was uniform within each Monte Carlo 
space. Each Monte Carlo space was simulated 
10,000 times to create three Monte Carlo dis-
tributions of results – for two, three, and four 
RQs – that could be studied for decision ac-
curacy, errors and inconclusive results. Each 
Monte Carlo distribution would be evaluated 
with the seven-position, three-position, and 
ESS scoring methods.

Subtotal scores were simulated by standard-
izing random numbers to seeding parameters 
that were the means and standard deviations 
of the subtotal scores provided by the partic-
ipants in the Krapohl and Cushman (2006) 
study after transforming the seven-position 
subtotal scores of the guilty and innocent cas-
es to three-position scores and then to ESS 
scores6. Krapohl (2010) and Robertson (2012) 
showed that transformed ESS scores are ca-
pable of extracting similar physiological data 
as compared to 7-position and 3-position 
manual scores.
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Table 1. Subtotal means and standard deviations.

Table 1 shows the input seed parameters, the subtotal means and standard deviations, for the 
Monte Carlo sample scores. The design of this Monte Carlo space meant that the criterion 
state was random, independent, and known for each RQ in the Monte Carlo space, and the 
number of RQs could be manipulated to evaluate the effect sizes.

For each Monte Carlo space, the base rate 
for deception and truth-telling for individual 
RQs was calculated using the inverse of the 
Šidák correction (Abdi, 2007; Šidák, 1967) for 
multiple statistical comparisons under a con-
dition of independent variance (Abdi, 2007). 
Base rates for individual questions were as 
follows; two RQs = .293, three RQs = .206, and 
four RQs = .159. For each RQ in each case 
a random uniform number was compared to 
the base-rate, and the criterion state was set 
to truthful if the base-rate was less than the 
random number. This ensured a base rate for 
each Monte Carlo distribution that converged 
at .5 while randomly setting the criterion state 
for each RQ and while allowing variation in 
the observed incidence rate of deception and 
truth-telling for each iteration of the cases in 
the Monte Carlo Space. For each exam in each 
of the Monte Carlo spaces the criterion state of 
each case in the Monte Carlo space was set to 
deceptive if the criterion state of one or more 
of the RQs was deceptive. The criterion states 
of the cases were set to truthful if the criterion 
status of all RQs was truthful.

Traditional cutscores were used for the for the 
seven-position and three-position TDA meth-
ods: test results were classified as deceptive 
when any subtotal score was -3 or lower, and 
test results were classified as truthful when all 
subtotal scores were greater than or equal to 
+3. It can be noted that these traditional cut-
scores are not based on normative data, but 
were derived through experience and heuris-
tic study and are similar to cutscores that are 

derived from statistical procedures (Nelson, et 
al., 2011; Nelson, 2017; Nelson & Rider, 2018).

Cutscores for ESS scores of USAF MGQT ex-
ams are based on statistical reference distri-
butions for individual subtotal scores of guilty 
and innocent persons (Nelson et al., 2011,  
Nelson, 2017, Nelson & Rider, 2018). The main 
difference between ESS cutscores and tradi-
tional cutscores is that ESS cutscores are de-
termined using a Šidák correction to account 
for the multiplicity effects that are expected as 
a result of the procedural requirement that all 
subtotal scores are statistically significant for 
truth-telling in order to classify a test result 
as truthful.   ESS cutscores were -3 and +1, 
meaning that test results would be classified 
as deceptive if when any subtotal score was 
-3 or lower and would be classified as truthful 
when all subtotal scores are +1 or greater.

All cases in the Monte Carlo space were eval-
uated using the subtotal score rule (SSR; De-
partment of Defense, 2006a, 2006b; Capps & 
Ansley 1992; Senter Waller & Krapohl; 2008) 
for which the overall test result is inherited 
from the lowest question/subtotal score  – 
whereas the question level results of event-spe-
cific diagnostic exams are inherited from 
the overall test result [See Nelson, Blalock &  
Handler, 2019 for more information]. PDD test 
results are categorized at the level of the test 
as a whole regardless of whether the decision 
is made using grand total or subtotal scores. 
In practical terms, the procedural rubric for 
the SSR is that test results are classified as 
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indicative of deception – commonly using the 
term significant reactions – whenever any sub-
total score equals or exceeds the cutscore for 
deceptive classifications, and are classified as 
indicative of truth-telling – using the term no 
significant reactions – when all subtotal scores 
equal or exceed the cutscore for truthful clas-
sifications. Examination results are classified 
as inconclusive or no opinion (i.e., not statisti-
cally significant for deception or truth-telling) 
when none of the sub-total scores equals or 
exceeds the cutscore for deceptive classifica-
tion while less than all sub-total scores equal 
or exceed the cutscore for truthful classifica-
tions.

Previous research (Barland, Honts & Barger, 
1989; Podlesney & Truslow, 1993; Department 
of Defense, 1995a; 1995b) has not supported 
the hypothesis of test sensitivity or specifici-
ty at the level of the individual RQs, and field 
practices dictate that examiners are not per-
mitted to render decisions of both deception 
and truth-telling within a single examination. 
For this reason, there was no attempt to deter-
mine deception to some RQs and truth-telling 
to other RQs within the individual cases in the 
Monte Carlo space.

Results

Criterion accuracy was calculated for each 
of the three USAF MGQT conditions (i.e., 
two, three, and four RQs) for the three test 
data analysis methods (i.e., seven-position, 
three-position, and ESS). Accuracy indices of 
interest included the following: test sensitivity 
to deception, test specificity to truth-telling, 
false-negative and false-positive error rates, 
and inconclusive rates for deceptive and truth-
ful cases. Positive predictive value (PPV; calcu-
lated as true positives divided by all positive 
results), negative predictive value (NPV; calcu-
lated as true negatives divided by all negative 
results), the proportions of correct decisions 
without inconclusive results for deceptive and 
truthful cases, along with the unweighted av-
erage of the proportions of correct decisions 
and inconclusive results for the deceptive and 
truthful cases. All statistical analyses were 
completed with a level of significance set at al-
pha = .05. These may be found in Appendices 
A through D.

Decision accuracy for USAF MGQT exams 
with two, three and four RQs.

Test accuracy effects were evaluated using 
a Monte Carlo hypothesis test. This meth-
od involves the use of Monte Carlo methods 
to calculate the statistical confidence interval 
(Efron & Hastie, 2016; Efron & Tibshirani, 
1986; 1993) which is then compared with the 
null-hypothesis or chance value (i.e., .5). Re-
sults are interpreted as not statistically signif-
icant when the chance value is not contained 
within the confidence interval, or when the 
limits of the 1 – alpha confidence interval ex-
ceed the chance value. 

Monte Carlo confidence intervals were calcu-
lated as the alpha/2 = .025th  and 1-alpha/2 
= .975th percentile of 10,000 iterations of a  
Monte Carlo space consisting of n = 100 sim-
ulated multiple-issue exams. Separate Monte 
Carlo simulations were conducted for multi-
ple-issues examinations with two, three and 
four RQs. Nine different Monte Carlo simu-
lations were completed. In addition, a 10th  

Monte Carlo simulation was calculated with 
the number of RQs randomized from two to 
four.

For each Monte Carlo simulation, criterion ac-
curacy was calculated for each iteration of the 
Monte Carlo space, including test sensitivity, 
specificity, false-positive and false negative er-
ror rates, along with positive-predictive-value, 
negative-predictive-value, unweighted deci-
sion accuracy and inconclusive rates for de-
ceptive and truthful cases. the all observed 
data. The mean standard deviation was also 
calculated for each dimension of criterion ac-
curacy, so that factorial ANOVAs could also be 
computed for number of RQs x scoring meth-
od x criterion state. 

Results are shown in Appendices A, B and C 
for multiple-issue polygraphs two, three and 
four RQs. Appendix D shows the results while 
varying the number of RQs for the cases with-
in each iteration of the Monte Carlo space.

Sensitivity and specificity for USAF MGQT 
exams with two, three and four RQs.

The method described by Cohen (2002) was 
used – along with the mean sample sizes in 
the Monte Carlo space (n=50 for deceptive 
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case and mean n=50 for truthful cases), and 
the Monte Carlo means and standard devia-
tions – to calculate a three-way ANOVA (crite-
rion status x TDA method x number of RQs) 
for decision accuracy including inconclusive 
results (i.e., test sensitivity and specificity). 
Table 2 shows the three-way ANOVA summa-
ry, and Figure 1 shows the mean plot for test 

sensitivity and specificity. The three-way in-
teraction was significant F(4,882) = 5.705, p 
< .001).  This result indicated that differences 
may exist for in the effectiveness of three-posi-
tion, seven-position and ESS scoring methods 
with criterion deceptive and criterion truthful 
exams with two, three or four relevant ques-
tions.

Table 2. Three-way ANOVA summary for accuracy (number of RQs x TDA method x criterion state).

Figure 1. Mean plot for test sensitivity and specificity for three-position, seven-position and  
ESS scoring methods. 

Figure 1 shows that mean test sensitivity to deception exceeded chance (.5) for all three 
scoring methods, while mean test specificity to truth-telling did not exceed chance for the 
seven-position and three-position scoring methods.



6 Polygraph & Forensic Credibility Assessment , 2020, 49 (1)

Nelson, Handler, Senter

Because the 3-way ANOVA was significant, 
post-hoc 2x2 ANOVAs (TDA method x number 
of RQs) were completed separately for the de-
ceptive and truthful case in the Monte Carlo 
model. The 2-way ANOVA, shown in Table 3, 
was statistically significant for the deceptive 

cases F(1,441) = 4.848, p = .028), indicating 

an interaction for TDA model and the number 

of RQs. One-way ANOVAs were not significant 

for the number of RQs (p = .071) or the scoring 

method (p = .625) with the deceptive cases.

Table 3. Two-way ANOVA summary for accuracy with deceptive cases (TDA model x number RQs).

Table 4. Two-way ANOVA summary for accuracy with truthful cases (TDA model x number RQs).

Results from a two-way ANOVA for the truth-
ful cases are shown in Table 4. The interaction 
of TDA method x number of RQs was signifi-
cant for the truthful cases F(1,441) = 5.669, p 

= <.001). One-way ANOVAs showed that main 
effects for the truthful cases were not signifi-
cant for the number of RQs (p = .799) or for the 
scoring method (p = .056).

These results suggest that the main source 
of variance for the three-way interaction can 
be attributed to differences in abilities of the 
three scoring methods to detect deception and 
truth-telling. To further understand the influ-
ence of scoring method on decision accuracy, 
a final 3 way contrast was calculated for the 
seven-position and three-position results, ex-
cluding the ESS results. The three-way inter-
action for number of RQs x scoring method 
x criterion state was not significant [F(4,588)  
= 0.916, p = 0.454] when ESS results were 
excluded. This suggests that the initial three-
way interaction can be attributed to differenc-

es in decision accuracy for ESS results with 
truthful cases.

Inconclusive rates for USAF MGQT exams 
with two, three and four RQs.

A three-way ANOVA was conducted (criteri-
on status x TDA model x number of RQs) for 
inconclusive results.  The three-way ANOVA 
summary for inconclusive results is shown 
in Table 5.The three-way interaction for in-
conclusive results was significant F(4,882) = 
2.580, p = .036 for TDA method x number of 
RQs x criterion state. 
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Table 5. Three-way ANOVA summary for inconclusive results (RQs x TDA method x criterion state)

Figure 2 shows the mean plot for inconclu-
sive results for deceptive and truthful cases 
for the seven-position, three-position, and 
ESS methods with two, three, and four RQs. 
Mean inconclusive rates were generally high-
er for truthful than for deceptive cases, and 
this difference was more pronounced for the 
three-position and seven-position methods. 
Simple mean effects were not significant for 
differences in inconclusive results for the sev-
en-position method (p = .156) or for the ESS (p 
= .415). The simple mean effect was significant 
for inconclusive results for the three-position 
scoring method with criterion deceptive and 

criterion truthful cases [F(1,98) = 4.382, (p = 
.039)]. 

Two-way ANOVAs for each scoring method 
showed a significant interaction for number of 
RQs x criterion status, including the seven-po-
sition [F(1,294) = 31.435, (p < .001)], three-po-
sition [F(1,294) = 37.143, (p < .001)] and ESS 
[F(1,294) = 17.702, (p < .001)].  Simple main 
effects for inconclusive results as function of 
RQs with the seven-position results were not 
significant for criterion deceptive cases (p = 
.316) or criterion truthful cases (p = .894). For 

Figure 2. Mean plot for inconclusive results.
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three-position results the simple main effects 
were also not significant for criterion deceptive 
cases (p = .157) or for criterion truthful cases 
(p = .936). Simple main effects for ESS scores 
also showed no significant difference between 
inconclusive results as function of the number 
of RQs for criterion deceptive (p = .161) or cri-
terion truthful cases (p = .940). 

A two way ANOVA for TDA method x number 
of RQs for criterion truthful cases was statisti-
cally significant F (1,441) = 14.183, (p < .001).  
Simple main effects for differences in scoring 
method were not significant for two RQs (p = 
.083), three RQs (p = .085) or four RQs (p = 
.428). After combining the cells for different 
scoring methods, the main effect for incon-
clusive rates as a function of the number of 
RQs cases was not significant (p = .962) with 
the criterion truthful cases. A post-hoc power 
analysis was completed using the power.ano-
va.test() function in the R Language and En-
vironment for Statistical Computing (R Core 
Team, 2019), indicating a power > .99 to de-
tect a significant difference if one exists. 

Simple main effects for the number of RQs 
were not significant for inconclusive results 
with criterion truthful cases for the seven-po-
sition scoring method (p = .866), the three-po-
sition method (p = .936) or the ESS (p = .940). 
After combining the cells for two, three and 
four RQs, the main effect for differences in 
inconclusive results as a function of scoring 
method was statistically significant F(2,447) = 
1250.483, (p < .001) for the criterion truthful 
cases. This indicates that the observed inter-
action effects inconclusive results as a func-
tion of RQs x scoring method can be attribut-
ed to differences between the scoring methods 
with criterion truthful cases. 

Another two-way ANOVA for TDA method x 
number of RQs showed a statistically signifi-
cant interaction for the criterion deceptive cas-
es F(1,441) = 17.789, p = <.001). Simple main 
effects were not significant for differences in 
inconclusive results among criterion deceptive 
cases as a function of different scoring meth-
ods with two RQs (p = .218), three RQs (p = 
.080) or four RQs (p = .218). After combining 
the cells for the different scoring methods, the 
main effect of RQs on inconclusive results was 
not statistically significant for the deceptive 

cases (p = .209). A post-hoc power analysis in-
dicated a power > .99 to detect a significant 
effect for the number of RQs if one exists. 

Simple main effects for the number of RQs 
were not significant for seven position (p = 
.316), three-position (p = .157) or ESS (p = 
.161) methods. After combining the cells for 
two, three and four RQs, the main effect for 
differences in inconclusive results as a func-
tion of scoring method was statistically sig-
nificant F(2,447) = 3.424, (p = .033) for the 
criterion deceptive cases. This suggests that 
inconclusive rates for criterion deceptive cases 
varied more as a function of scoring method 
than the number of RQs. 

Inspection of the plot in Figure 2 shows that 
mean inconclusive rates for criterion truthful 
cases with the ESS may to have a different 
slope compared to other results. To further 
understand the influence of scoring method on 
observed inconclusive rates a three-way ANO-
VA contrast was calculated for the seven-posi-
tion and three-position scores, excluding the 
ESS scores. The three-way interaction for in-
conclusive results was not significant [F(4,588) 
= 0.051, (p = .995)] for the seven-position and 
three-position scoring methods when ESS re-
sults were excluded. These results suggest the 
three way interaction for inconclusive results 
can be attributed to the differences in results 
for criterion truthful cases with the ESS. The 
two-way interactions for each scoring meth-
od indicate that inconclusive rates can be ex-
pected to increase with the number of RQs for 
criterion truthful cases and decrease with the 
number of RQs for criterion deceptive cases. 

False-negative and false-positive errors for 
USAF MGQT exams with two, three and 
four RQs.

Figure 3 shows the mean plot for false-positive 
and false-negative errors. A three-way ANOVA 
was completed (criterion status x TDA meth-
od x number of RQs) for decision errors. The 
ANOVA summary for decision errors is shown 
in Table 6. The three-way interaction was not 
statistically significant F(4,882) = 0.943, p = 
.438. 

Because the three-way interaction was not sig-
nificant, a two-way ANOVA was calculated for 
RQs x criterion state after combining the cells 
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Table 6. Three-way ANOVA summary for errors (RQs x TDA method x criterion state)

Figure 3. Mean plot for false-positive and false-negative errors. 

for the three TDA methods. Figure 4 shows 

the mean plot.  The two-way ANOVA summary 

shown in Table 7 indicates a significant inter-

action [F(1,894) = 104.051, (p < .001)] for deci-

sion errors as a function of the number of RQs 

and criterion state.

Although errors appear to increase with num-
ber of RQs for criterion truthful cases and de-
crease with the number of RQs for criterion 
deceptive cases, the simple main effects for 
the number of RQs were not statistically sig-
nificant for criterion deceptive cases (p = .459) 
or for criterion truthful cases (p = .814). 
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Figure 4. Mean plot for decision errors with combined scoring methods.

Table 7. Two-way ANOVA summary for decision errors with 7 position scores (RQs x criterion state).

A post-hoc power calculation for the one-way 
simple main effects, with n = 50 for each cell, 
had power > .99 to detect a significant effect if 
one actually existed. This suggests that the ob-
served interaction can be attributed to the fact 
that, although the difference for two, three or 
four RQs are not significant within the truth-
ful or deceptive cases, the likelihood of testing 
error for multiple issue polygraphs increases 
with the number of RQs for criterion truthful 
cases while decreasing for criterion deceptive 
cases.

 Unweighted average accuracy. 

Unweighted decision accuracy excluding in-
conclusive results is shown in Table 2, and 
was significantly greater than chance (.5) for 
all three TDA methods with two, three, and 
four RQs (p < .05). Table 8 also shows that 
variation in test accuracy increases as a func-
tion of the number of RQs for all three scor-
ing methods. A two-way .Similarly, as shown 
in the appendices, both false-negative and 
false-positive errors were reduced to statisti-
cally significantly less than chance for all TDA 
versions with two, three, and four RQs.
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Table 8. Unweighted accuracy: mean (SD) {95% CI}.

Figure 5 shows the mean plot for unweighted average accuracy (i.e., unweighted average of 
decision accuracy with criterion deceptive and criterion truthful cases). A two-way interaction 
was significant for number of RQs x scoring method [F(1,891) = 51.009, (p < .001)]. However, 
simple main effects were not significant for the different scoring methods for two RQs (p = 
.711), three RQs (p = .824), or 4 RQs (p = .959). Simple main effects were also not significant for 
the seven-position method (p = .975), three-position method (p = .839), or the ESS (p = .871). 
Although the lines in Figure 1 exhibit different slope, none of the lines is itself significantly 
different from zero.

Figure 5. Mean plot for unweighted average accuracy.

After combining the cells for different scoring 
methods, a one-way ANOVA showed that dif-
ferences in unweighted accuracy as a function 
of the number of RQs were not statistically sig-
nificant [F(2,897) = 0.046, (p = .955)]. A post-
hoc power analysis indicated the ANOVA had 

power > .99 to detect a significant effect. These 

results indicate there is no real difference in 

unweighted accuracy for PDD results with 

2RQs, 3RQs or 4RQs, excluding inconclusive 

results. 
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Figure 6. Monte Carlo mean estimates for test sensitivity and specificity.

Criterion accuracy for randomized two, 
three, or four questions.

Three additional Monte Carlo models were 
used to further understand any differences 
between the seven-position, three-position, 
and ESS scoring methods while randomizing 
the number of RQs for each case in the Mon-
te Carlo space. For each case, the number of 
RQs was varied randomly from two, three, or 
four by comparing a random number to the 
values .3333333 and .666666. The propor-
tions of cases with two, three, and four RQs 
would vary for each iteration of the Monte Car-
lo space, and would converge to equal propor-
tions in the Monte Carlo distribution of results 
that consisted of 10,000 iterations of the Mon-
te Carlo space. 

Base rates for the criterion state of individual 
questions were as follows; for cases with two 
RQs the base rate = .293, for cases with three 
RQs = .206, and four RQs = .159. For each RQ 
in each case a random uniform number was 
compared to the base-rate, and the criterion 
state was set to truthful if the base-rate was 
less than the random number. This ensured 
that although the proportion of criterion de-
ceptive and criterion truthful cases would vary 

for each iteration of the Monte Carlo space, 
the base-rate for deception would converge to 
.5 for the Monte Carlo distribution of results 
while randomly setting the number of RQs for 
each exam and randomly setting the criteri-
on state for each RQ. Each case was evalu-
ated with the seven-position, three-position 
and ESS scoring methods using the SSR that 
was described earlier. Appendix D shows the 
means, standard deviations, and 95% confi-
dence intervals for the Monte Carlo distribu-
tion of results while varying the number of 
RQs from two, three, or four. 

Sensitivity and specificity for USAF MGQT 
exams with randomized two, three, or four 
RQs. 

A two-way ANOVA for decision accuracy 
showed a significant interaction between scor-
ing method and criterion status F(1,294) = 
177.039, p < .001. Figure 6 shows a plot of 
the means for test sensitivity and specificity. 
The simple main effects were not statistically 
significant for test sensitivity to deception (p 
= .659) or for specificity to truth-telling (p = 
.064). A post-hoc power analysis indicated a 
likelihood of power > .99 for detecting a signif-
icant difference if one existed. 
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Evaluation of the simple main effects for scor-
ing method showed that the difference in de-
tection of deception differed significantly from 
detection of truth-telling for the seven-position 
scoring method [F(1,98) = 8.307, (p = .005)] 
and for the three-position scoring method 
[F(1,98) = 19.438, (p < .001)]. The simple main 
effect for criterion deceptive and criterion 
truthful cases was not significant for the ESS 
(p = .222). These results indicate the two-way 
interaction can be attributed to differences 
test sensitivity and test specificity for the ESS 
scoring method compared to the seven-posi-
tion and three-position methods. As shown in 
Appendix D, although test sensitivity to decep-
tion was significantly greater than chance (.5) 

for all three scoring methods, test specificity 
to truth-telling did not exceed chance for the 
seven-position or three-position methods.

Inconclusive results for USAF MGQT exams 
with randomized two, three, or four RQs.

A two-way ANOVA for inconclusive results 
(scoring method x criterion status) showed 
significant differences in inconclusive results 
for the three TDA methods F(1,294) = 71.927, 
p < .001. Figure 7 shows the Monte Carlo 
mean for inconclusive rates for the three TDA 
methods. Simple main effects for inconclusive 
results were not significant for the deceptive 
cases (p = .185) or truthful cases (p = .177). 

Figure 7. Monte Carlo mean estimates for inconclusive rates. 

The simple main effect, for differences in in-
conclusive rates with criterion deceptive and 
criterion truthful cases, was significant for 
the three-position scores [F(1,98) = 5.147, (p 
= .025)], but not for seven-position scores (p 
= .084) or the ESS (p = .413). These results 
indicate that the observed two-way interaction 
(TDA method x criterion state) for inconclusive 
results can be attributed to the significant 
difference between the inconclusive rates for 
criterion deceptive and criterion truthful cases 

with the three-position scoring method. Mean 
inconclusive rates were elevated for three-po-
sition results compared to the seven-position 
and ESS results, and were greater for criterion 
truthful cases. 

Decision errors for USAF MGQT exams with 
randomized two, three, or four RQs.

A two-way ANOVA for decision errors by cri-
terion status showed a significant interaction 
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Figure 8. Monte Carlo mean estimates for inconclusive rates.

between TDA method and criterion status 

F(1,294) = 31.456, p < .001. Figure 8 shows 

the Monte Carlo means for error rates for the 

three TDA methods. 

Simple main effects for were not significant for 
false-negative errors (p = .229) or for false-pos-
itive errors (p = .874). Additionally, none of the 
simple main effects were statistically signifi-
cant for the seven-position scoring method 
(p = .223), three-position scoring method (p 
= .097) or the ESS (p = .510). Post-hoc pow-
er analysis using showed that the experiment 
had power > .99 to detect a significant effect 
if one existed. The observed interaction of de-
cision errors can be thought of as indicating 
that the two lines in Figure 8 have significant-
ly different slope though neither of the lines 
is itself significantly different from zero slope, 
meaning observed differences are within the 
range of expected uncontrolled/unexplained 
variation. These results indicate no real dif-
ference exists between the false-negative rates 
and no real difference exists in false-positive 
rates for the seven-position, three-position 
and ESS methods. 

Discussion

This project is a Monte Carlo study of criterion 
accuracy effects of multiple-issue polygraphs 

with two, three, and four RQs, such as the 
USAF MGQT. Although some differences in 
criterion accuracy are expected as a function 
of the number of RQs, previous studies have 
not investigated these differences.  Multiple 
issue polygraphs are commonly used in poly-
graph screening programs – in the absence of 
any known allegation or incident. 

A defining characteristic of multiple issue 
screening polygraphs is that the questions 
are interpreted with an assumption of inde-
pendent criterion variance. The overall test re-
sults for multiple issue polygraphs is inherited 
from the question results. In practical terms, 
test results of multiple-issue exams are inher-
ited from the lowest question score. This dif-
fers from event-specific polygraphs for which 
the test result is determined at the level of the 
test as a whole, and where the question re-
sults are inherited from the overall test result. 
Some known difficulties exist in studying mul-
tiple-issue polygraphs. One difficulty is in ac-
quiring knowledge about the criterion state for 
each of the individual test questions.
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Another difficulty will be the management of 
multiplicity effects – the aggregation of statis-
tical error as a function of making conclusions 
based on multiple probability events. Finally, 
there is the difficulty of acquiring a sample 
data, ideally a balanced sample with an equal 
number of cases in each different testing con-
dition, of suitable size for study and analysis.

An advantage of the Monte Carlo approach 
to this project is the reduction of expense, in 
terms of human activity and other resources, 
in the acquisition of data for which the crite-
rion state of each RQ can be known with cer-
tainty. Another advantage of the Monte Car-
lo approach to this project was the ability to 
more easily compare the effectiveness of dif-
ferent scoring methods – the seven-position, 
three-position and the ESS. 

Results from this study indicate that some dif-
ferences exist in the effectiveness of different 
scoring methods for criterion deceptive and 
criterion truthful cases with, two, three, or 
four RQs. However, these differences are not 
observed in terms of unweighted decision ac-
curacy – the unweighted average decision ac-
curacy with criterion deceptive and criterion 
truthful cases, excluding inconclusive results. 
No real differences were found in unweighted 
accuracy as a function of the number of RQs. 
Unweighted average decision accuracy for 
multiple-issue polygraphs with two, three or 
four RQs significantly exceeded chance (.5) for 
all three TDA methods. 

Despite the fact that unweighted accuracy did 
not differ for multiple-issue polygraphs with 
two, three or four RQs, the results of study in-
dicate that some differences do exist when con-
sidering the other dimensions of test accura-
cy. Mean test sensitivity to deception exceeded 
chance (.5) for all three scoring methods. How-
ever, mean test specificity to truth-telling did 
not exceed chance for the seven-position and 
three-position scoring methods, and test spec-
ificity was significantly greater than chance 
only for the two RQ model with the ESS. 

Differences were observed in inconclusive 
rates as a function of the number of RQs and 
as a function of scoring method. Inconclu-
sive rates can be expected to increase with 
the number of RQs for criterion truthful cases 
and decrease with the number of RQs for cri-

terion deceptive cases. However, results with 
the ESS may produce a different pattern of 
inconclusive rates with criterion truthful cas-
es compared to other scoring methods. One 
possible reason for this, not explored in this 
study, is the use of a statistical correction for 
multiplicity effects for the ESS cutscore for 
truthful classifications. It is possible that the 
use of ESS scores with traditional cutscores 
may result in inclusive rates that adhere more 
closely to the trend exhibited by the seven-po-
sition and three-position results in this study. 

No significant differences were found in 
false-positive or false-negative error rates as a 
function of the number of RQs. Post-hoc pow-
er analyses suggest that this study had suf-
ficient power to detect significant effects for 
testing if they exist. Although the differences 
for two, three or four RQs were not significant 
within the criterion truthful cases or criterion 
deceptive cases, the likelihood of testing error 
increased with the number of RQs for criteri-
on truthful cases while decreasing for criterion 
deceptive cases. 

In addition to the investigation of criterion ac-
curacy differences that may exist as a func-
tion of the number of RQs in multiple-issue 
polygraphs, Monte Carlo methods were used 
to compare results for the seven-position, 
three-position and ESS methods. Results 
from this analysis showed that all three meth-
ods achieved unweighted decision accuracy 
that significantly exceeded the chance lev-
el (.5). Test sensitivity to deception exceeded 
chance for all three scoring methods. However, 
test specificity to truth-telling did not exceed 
chance for the seven-position or three-posi-
tion methods. Mean inconclusive rates were 
highest for the three-position scoring meth-
od, and this was loaded for criterion truthful 
cases. Despite these observed differences, re-
sults showed no significant difference in the 
false-negative rates and no significant differ-
ence in false-positive rates for the seven-posi-
tion, three-position and ESS methods. 

A limitation of this study is that no effort was 
made to evaluate difference in criterion accu-
racy for the three scoring methods as function 
of differences in numerical cutscores. Results 
for the seven-position and three-position scor-
ing methods were obtained using traditional 
numerical cutscores (-3 or less at any subtotal 
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for deceptive classifications, +3 or greater at 
all subtotals for truthful classifications) with 
no statistical correction for multiplicity ef-
fects. Results for the ESS were obtained us-
ing statistically referenced cutscores for which 
a statistical correction was used to manage 
multiplicity effects for truthful outcomes. ESS 
cut-scores were -3 or less at any subtotal for 
deception and + 1 or greater at all subtotals 
for truth-telling. It is possible that some inter-
actions and some effects may differ if all re-
sults were obtained using cutscores that are 
optimized through statistically optimized (or 
if all results were obtained using traditional) 
cutscores. It is also possible that different de-
cision rules, involving some use of the grand 
total score, may achieve an improvement in 
test specificity and inconclusive results with-
out undesired compromises in test sensitivity 
and f false-negative rates. This should be sub-
ject to future research. 

Another limitation of this project is the over-
all design as a Monte Carlo simulation. Monte 
Carlo models, although insufficient to provide 
a final or definitive answer to hypothetical 
questions, are highly useful to study high-cost, 
and high-risk problems as well as complex 
and difficult problems. Results of Monte Carlo 
studies should be replicated evaluated togeth-
er with the results of other laboratory and field 
studies. Use of subtotal seed parameters that 
were obtained from the subtotals of confirmed 
single issue examinations represents another 
limitation. However, seed parameters from the 
subtotal scores of single issue examinations, 
although imperfect in their ability to represent 
the subtotal scores of multi-issue exams, offer 

the advantage of a reasonably known criterion 
status for use as seed parameters for Monte 
Carlo simulation. 

Another noteworthy limitation of the present 
study is that no attempt was made to inves-
tigate test sensitivity or test specificity at the 
level of the individual questions. Although de-
cision rules were executed at the level of the 
subtotal scores for individual questions, clas-
sifications of deception and truth-telling were 
made at the level of the test as a whole. No at-
tempt was made to determine truthfulness to 
some questions and deception to other ques-
tions within the Monte Carlo cases. These pro-
cedures are is consistent with field polygraph 
practices.  

In summary, results of this study support 
the validity of the hypothesis that multiple-is-
sue PDD exams with two, three, or four RQs, 
can differentiate deception from truth-telling 
at rates that are significantly greater than 
chance when scored with the seven-position, 
three-position, and ESS TDA models. Sugges-
tions for future research include the further 
study of multiplicity effects, statistical optimi-
zation of decision cutscores and decision rules 
for multiple-issue polygraphs. Multiple-issue 
polygraph formats that can be used with two, 
three or four RQs, such as the USAF MGQT, 
offer the potential for great adaptability and  
usefulness in a variety of field practice set-
tings, and continued interest in multiple-issue 
PDD formats is indicated. 
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Criterion Accuracy of Multiple-issue Polygraphs with Two RQs
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Criterion Accuracy of Multiple-issue Polygraphs with Two RQs 
 

 
 7-position 

Mean (SE) {95% CI} 
3-position 

Mean (SE) {95% CI} 
ESS 

Mean (SE) {95% CI} 

Unweighted 
Accuracy 

.822 (.061) 
{.702 to .942} 

.802 (.073) 
{.659 to .945} 

.886 (.047) 
{.795 to .978} 

Unweighted INC 
.302 (.055) 

{.195 to .409} 
.424 (.054) 

{.319 to .529} 
.217 (.050) 

{.119 to .316} 

D INC 
.226 (.050) 

{.128 to .324} 
.306 (.054) 
{.201 to .412} 

.190 (.043) 
{.105 to .275} 

T INC 
.378 (.097) 

{.188 to .567} 
.542 (.095) 

{.355 to .729} 
.245 (.088) 

{.072 to .417} 

Sensitivity 
.697 (.053) 

{.593 to .800} 
.659 (.055) 

{.550 to .767} 
.734 (.049) 

{.637 to .831} 

Specificity 
.462 (.101) 

{.265 to .659} 
.300 (.090) 

{.123 to .476} 
.655 (.076) 

{.506 to .804} 

FN 
.077 (.032) 

{.015 to .140} 
.035 (.021) 

{.001 to .076} 
.076 (.030) 

{.018 to .135} 

FP 
.160 (.077) 

{.010 to .310} 
.158 (.071) 

{.018 to .298} 
.100 (.060) 

{.001 to .217} 

PPV 
.929 (.035) 

{.861 to .998} 
.925 (.036) 

{.854 to .996} 
.957 (.027) 

{.905 to .999} 

NPV 
.666 (.116) 

{.439 to .893} 
.743 (.142) 

{.465 to .999} 
.737 (.098) 

{.545 to .929} 

D Correct 
.900 (.040) 

{.821 to .979} 
.950 (.030) 

{.891 to 1.009} 
.906 (.037) 

{.834 to .977} 

T Correct 
.743 (.118) 

{.513 to .974} 
.654 (.145) 

{.369 to .940} 
.867 (.080) 

{.710 to .999} 
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Monte Carlo Study of Multiple Issue Polygraph Techniques

Appendix B.

Criterion Accuracy of Multiple-issue Polygraphs with Three RQs
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Criterion Accuracy of Multiple-issue Polygraphs with Three RQs 
 

 
 7-position 

Mean (SE) {95% CI} 
3-position 

Mean (SE) {95% CI} 
ESS 

Mean (SE) {95% CI} 

Unweighted 
Accuracy 

.775 (.104) 
{.571 to .979} 

.766 (.128) 
{.515 to .999} 

.866 (.067) 
{.734 to .998} 

Unweighted INC 
.317 (.074) 

{.171 to .462} 
.427 (.071) 

{.288 to .567} 
.156 (.063) 

{.032 to .279} 

D INC 
.180 (.038) 

{.106 to .254} 
.242 (.046) 

{.152 to .331} 
.116 (.035) 

{.048 to .184} 

T INC 
.453 (.142) 

{.175 to .732} 
.613 (.136) 

{.346 to .880} 
.195 (.121) 

{.001 to .432} 

Sensitivity 
.781 (.041) 

{.701 to .862} 
.747 (.046) 

{.656 to .837} 
.806 (.042) 

{.724 to .889} 

Specificity 
.320 (.130) 

{.066 to .574} 
.188 (.094) 

{.004 to .372} 
.659 (.141) 

{.383 to .934} 

FN 
.039 (.021) 

{.001 to .08} 
.012 (.012) 

{.001 to .035} 
.078 (.028) 

{.023 to .133} 

FP 
.235 (.131) 

{.001 to .493} 
.226 (.114) 

{.002 to .450} 
.146 (.108) 

{.001 to .359} 

PPV 
.960 (.024) 

{.914 to .999} 
.959 (.022) 

{.915 to .999} 
.975 (.019) 

{.938 to .999} 

NPV 
.545 (.190) 

{.173 to .917} 
.728 (.244) 

{.250 to .999} 
.549 (.128) 

{.298 to .800} 

D Correct 
.953 (.025) 

{.903 to .999} 
.984 (.016) 

{.954 to .999} 
.912 (.032) 

{.850 to .974} 

T Correct 
.589 (.203) 

{.190 to .987} 
.475 (.198) 

{.086 to .864} 
.819 (.131) 

{.563 to .999} 
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Appendix C.

Criterion Accuracy of Multiple-issue Polygraphs with Four RQs

 

 

 
Appendix C. 

 
Criterion Accuracy of Multiple-issue Polygraphs with Four RQs 

 
 
 7-position 

Mean (SE) {95% CI} 
3-position 

Mean (SE) {95% CI} 
ESS 

Mean (SE) {95% CI} 

Unweighted 
Accuracy 

.820 (.146) 
{.533 to .999} 

.887 (.149) 
{.595 to .999} 

.855 (.101) 
{.657 to .999} 

Unweighted INC 
.318 (.108) 

{.107 to .528} 
.396 (.112) 

{.177 to .615} 
.163 (.096) 

{.001 to .351} 

D INC 
.140 (.035) 

{.071 to .208} 
.180 (.039) 

{.103 to .257} 
.089 (.031) 

{.028 to .150} 

T INC 
.496 (.211) 

{.082 to .91} 
.612 (.220) 

{.181 to .999} 
.237 (.191) 

{.001 to .611} 

Sensitivity 
.842 (.037) 

{.771 to .914} 
.816 (.039) 

{.738 to .893} 
.864 (.036) 

{.793 to .934} 

Specificity 
.289 (.148) 

{.001 to .580} 
.205 (.109) 

{.001 to .419} 
.581 (.200) 

{.190 to .972} 

FN 
.018 (.014) 

{.001 to .046} 
.005 (.007) 

{.001 to .018} 
.047 (.022) 

{.003 to .091} 

FP 
.292 (.198) 

{.001 to .680} 
.298 (.205) 

{.001 to .700} 
.202 (.180) 

{.001 to .555} 

PPV 
.976 (.018) 

{.940 to .999} 
.976 (.017) 

{.942 to .999} 
.985 (.013) 

{.959 to .999} 

NPV 
.581 (.262) 

{.067 to .999} 
.815 (.25) 

{.324 to .999} 
.454 (.185) 

{.092 to .816} 

D Correct 
.979 (.017) 

{.946 to .999} 
.995 (.008) 

{.978 to .999} 
.948 (.024) 

{.900 to .996} 

T Correct 
.546 (.257) 

{.042 to .999} 
.505 (.259) 

{.001 to .999} 
.754 (.201) 

{.359 to .999} 
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Monte Carlo Study of Multiple Issue Polygraph Techniques

Appendix D.

Criterion Accuracy with Combined/Randomized (2, 3, or 4) RQs
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Criterion Accuracy with Combined/Randomized (2, 3, or 4) RQs 

 
 

 
7-position 

Mean (SE) {95% CI} 
3-position 

Mean (SE) {95% CI} 
ESS 

Mean (SE) {95% CI} 

Unweighted Average 
Accuracy 

.799 (.088) 
{.627 to .971} 

.775 (.107) 
{.565 to .984} 

.878 (.060) 
{.760 to .996} 

Unweighted 
Inconclusives 

.294 (.072) 
{.154 to .434} 

.403 (.071) 
{.263 to .543} 

.178 (.059) 
{.062 to .294} 

D INC 
.177 (.044) 

{.091 to .263} 
.238 (.047) 

{.146 to .331} 
.129 (.036) 

{.059 to .198} 

T INC 
.411 (.133) 

{.149 to .672} 
.568 (.136) 

{.300 to .835} 
.228 (.114) 

{.004 to .453} 

Sensitivity 
.780 (.047) 

{.689 to .871} 
.746 (.048) 

{.651 to .841} 
.805 (.043) 

{.722 to .889} 

Specificity 
.382 (.128) 

{.131 to .633} 
.241 (.110) 

{.025 to .456} 
.642 (.130) 

{.387 to .897} 

FN 
.043 (.022) 

{.001 to .085} 
.016 (.013) 

{.001 to .042} 
.066 (.027) 

{.014 to .118} 

FP 
.208 (.111) 

{.001 to .427} 
.200 (.109) 

{.001 to .414} 
.130 (.092) 

{.001 to .310} 

PPV 
.956 (.025) 

{.907 to .999} 
.956 (.025) 

{.906 to .999} 
.974 (.019) 

{.936 to .999} 

NPV 
.605 (.165) 

{.281 to .929} 
.733 (.205) 

{.331 to .9994} 
.622 (.127) 

{.373 to .870} 

D Correct 
.948 (.026) 

{.897 to .999} 
.979 (.017) 

{.945 to .999} 
.924 (.031) 

{.864 to .984} 

T Correct 
.649 (.174) 

{.309 to .989} 
.555 (.203) 

{.157 to .954} 
.832 (.117) 

{.603 to .999} 
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A Proposed Framework for Polygraph Test Questions

Donald J. Krapohl1 and Donnie W. Dutton2 

Introduction

Polygraph test question construction, review 
and presentation are essential skills for poly-
graph examiners.  The American Polygraph 
Association (APA) recognizes its importance 
in its educational standards that mandate 
32 instruction hours for polygraph students 
on these areas.  All APA polygraph education 
programs teach specific rules for question 
development, how they are introduced to the 
examinee and how they are presented during 
testing.  The rules evolved over generations of 
polygraph examiners and there is wide con-
sensus among practitioners about what those 
rules are.  What has yet to appear is a theoret-
ical framework for polygraph test questions; 
There seems to be fairly good agreement on 
the how of polygraph questions, but not the 
why.  Why should relevant questions be direct 
and use action verbs?  Why are emotionally 
charged words, legalisms and specialized jar-
gon avoided?  Why should comparison ques-
tions be broad or ambiguous but relevant 
questions must be clear and as narrow as pos-
sible?  Why do we review all the test questions 
with the examinee before running charts?  
Why don’t we test anyone after they’ve been 
through an intense interrogation?  We know 
the rules, but those rules are not organized 
within some larger concept.  Rather than a 
theoretical framework, professional faith is in-

vested in the list of rules, most of which have 
no known originator.

To understand why the polygraph works it is 
first necessary to abandon the assumption 
that the act of lying is what instigates poly-
graph reactions.  The reliance upon the notion 
that lying causes reactions and truthtelling 
does not is a common misapprehension.  It 
would be true if the polygraph were a “lie de-
tector”, but no such device exists.  This is not 
to deny lying very likely plays a mediating role 
in the ultimate size of the physiological reac-
tions due to associated emotions such as guilt 
or fear of detection (see Kahn, Nelson & Han-
dler [2009] for an excellent review).   Lying ap-
pears to augment the intensity of the reaction 
(Elaad & Ben-Shakhar, 1989), but something 
else is going on to trigger the reaction.  

There is evidence that overt lying may not even 
be necessary for the polygraph to function.  
This evidence comes in three parts.  The first 
is found in the directed-lie comparison (DLC) 
question.  When an examinee answers “no” 
to a DLC she or he is not being deceptive as 
we generally define the term.  The examinee 
has no intent to misrepresent the truth.  The 
examinee is not trying to fool the examiner.  
The act of answering incorrectly on DLCs is 
not even the examinee’s idea – the examinee 
is merely following instructions.  Nevertheless, 
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the DLC seems to function well as a compari-
son question (Honts & Raskin, 1988; Horow-
itz, Kircher, Honts & Raskin, 1997).  Second, 
polygraph examiners who have conducted the 
Silent Answer Test (Horvath & Reid, 1972) can 
attest that an examinee will react to the same 
test questions irrespective of whether the ex-
aminee answered the questions out loud.  Ly-
ing is neither sufficient nor even necessary to 
explain those reactions.  Without an examinee 
answer, the source of the reaction must be the 
question itself.  Finally, most examiners will 
have noticed that the examinee normally be-
gins to react before the question is completely 
asked and before the examinee answers.  If the 
act of lying were the cause of the reaction, its 
onset would be tied to the lie rather than to 
the question.

Polygraph examiners who assume the poly-
graph is a “lie detector” may be vulnerable to 
certain errors as they develop polygraph test 
questions.  Many of those errors are the focus 
of this paper.  If deception is not what causes 
reactions, how can the polygraph detect de-
ception?  As we discuss in the next section, it 
doesn’t – exactly.  

The Basics

Polygraph testing is a straightforward Stimu-
lus-Response paradigm.  As in all such para-
digms, a stimulus is presented, a response is 
recorded, and inferences are based upon the 
relationship between the two.  In polygraphy 
the stimuli are the test questions (not the ex-
aminee’s answer) and physiological arousals 
are the responses.  These test questions vary 
from one another in some essential character-
istic, and differences in arousal intensity are 
believed to covary with that characteristic.  

Distilled to their essence there are three types 
of polygraph questions.  There are neutral 
questions, which as the name suggests, are 
those that are not evocative in any way.  There 
are relevant questions, which are evocative, 
and address the behaviors or actions of inter-
est. The third category of question is called a 
comparison question, also evocative, the re-
actions to which polygraph examiners use as 
a benchmark to gauge the significance of the 
examinee’s reactivity to the relevant question.  
During polygraph testing these three types of 
questions are interspersed in a sequence, re-

peated several times, and the resulting arous-
als are tracked with any of several available 
scoring systems.  Some polygraph techniques 
include other kinds of questions.  Cushman 
and Krapohl (2010) summarized the available 
evidence for these other kinds of questions, 
and reported that they have either been found 
to be invalid or have no published research.

Generally speaking, physiological arousals 
can be either spontaneous or associated with a 
stimulus.  Those that are spontaneous are not 
informative, at least not in polygraph testing, 
and we will not consider them further.  Arous-
als that correspond with the test stimuli may 
be informative if they are elicited by a certain 
stimulus characteristic.  There are three char-
acteristics of a stimulus that will evoke phys-
iological responding.  They are novelty, inten-
sity, and salience (Dawson, Schell, & Filion, 
2007).  Please note that deception is not in-
cluded in this list.  Presence or absence of the 
three characteristics will determine whether 
there are non-random arousals to the stimuli.  
When present, increases and decreases in the 
degree of these characteristics are reflected in 
corresponding increases and decreases in the 
amplitude of the subsequent arousals (Barry, 
1975; Hovland & Riesen, 1940; Katkin, 2003; 
Lole, Gonsalvez, Blaszcznski & Clarke, 2012).

The novelty of a stimulus regards whether it is 
unexpected, new, different, or surprising in a 
given context.  In polygraph testing novelty can 
be a contaminant because it does not contrib-
ute to the goal of veracity testing.  Reactions 
to an unexpected or surprising stimulus can 
only reveal that it was unexpected or surpris-
ing.  Novelty is therefore strenuously avoided 
in the examination protocol.  Steps to avoid 
novelty include reviewing all questions before 
the test, using a neutral or irrelevant question 
as the first question in the test sequence, and 
by first performing a practice test with the ex-
aminee.  Examiners strive to ensure extrane-
ous sights and sounds do not intrude upon 
the testing.  Test question development con-
siders whether there are dramatic differences 
in question length, and during testing every 
effort is expended to avoid attention-grabbing 
differences in test questions due to the pitch, 
speed, emphasis and hesitations in the exam-
iner’s voice.
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Stimulus intensity refers to that which is pain-
ful or very aversive.  A real-life example of stim-
ulus intensity is the sound of fire and smoke 
alarms.  They are exceptionally loud, harsh, 
and cause a physiological response.  They 
are intended to capture attention, be arous-
ing and motivate people to move to safety.  As 
with stimulus novelty, stimulus intensity is a 
contaminant in polygraph testing.  It elicits 
arousals but those arousals are not meaning-
ful toward the aim of deception detection.  The 
polygraph testing protocol, therefore, calls for 
presentation of the test questions in a normal 
volume and the testing procedure that careful-
ly attends to the comfort of the examinee.

The third and final characteristic of a stimu-
lus that elicits a physiological response is sa-
lience, a term used here to refer to the person-
al meaningfulness, significance or importance 
of the stimulus.  The term “personal” is central 
to this definition, as it can vary from individu-
al to individual, and in degree between guilty 
and innocent examinees.  Salience is the stim-
ulus characteristic that governs test question 
construction and presentation.  In polygraph 
testing, the meaningfulness of a question can 
be assessed by observing the frequency and 
magnitude of physiological arousals that ac-
company the presentation of the question.  

Polygraph relevant test questions can be es-
pecially meaningful if an examinee intends to 
lie to them.  Similarly, relevant questions are 
probably meaningful to truthful examinees in-
asmuch as they relate to the reason the exam-
inee is taking the test.  It is logical to conclude 
that all examinees consider relevant questions 
important and therefore arousing.

What support is there, beyond the reason-
ableness of the assumption, that relevant 
questions are judged to be important by all 
examinees?  There are two converging lines 
of evidence.  One is the finding that, on aver-
age, differential arousal between relevant and 
comparison questions is smaller for truthful 
examinees than it is for deceptive examinees 
(Franz, 1989; Krapohl, Gordon & Lombar-
di, 2008; Krapohl & McManus, 1999; Patrick 
& Iacono, 1989; Raskin, Kircher, Honts, & 
Horowitz, 1988).  Consequently, decision ac-
curacy is higher for deceptive examinees than 
it is for truthful examinees across virtually ev-
ery polygraph technique (Nelson, 2015).  This 

is consistent with an expectation that truth-
tellers share some concern for relevant ques-
tions.  

A second finding comes from the research with 
the Relevant-Irrelevant Test (RIT), which con-
tains no comparison questions. In the RIT, the 
consistency of reactions to the relevant ques-
tions is used as an indication of deception 
whereas the opposite provides the basis for a 
decision of truthfulness.  If truthtellers did not 
find relevant questions salient there could be 
an expectation that they would pass the RIT 
in equal proportions to liars who failed this 
test.  Research on the RIT find that it produc-
es high rates of false positives and low rates 
of false negatives (Horowitz, Kircher, Honts 
& Raskin, 1997; Krapohl & Goodson, 2015; 
Krapohl & Rosales, 2014) indicating that both 
truthtellers and liars find relevant questions 
personally significant.  When added to the ev-
idence from the comparison question test re-
garding response asymmetry, the trend in the 
findings support a conclusion that relevant 
questions can be expected to be important to 
truthtellers and liars.

Past explanations of the comparison question 
test have relied most heavily on the fear of de-
tection (FoD) model, that is, the physiological 
arousals on relevant questions by liars were 
due to their worry about being revealed as the 
guilty party whereas innocent examinees were 
fearful of comparison questions because of a 
belief those questions would reveal their in-
volvement in non-relevant socially proscribed 
behaviors. Related perspectives include psy-
chological set, fear of punishment, conditioned 
reactions and conflict theories.  Insufficiencies 
in the FoD model became clear with the advent 
of the directed-lie version of the comparison 
question. Fear could not explain reactivity to 
the directed lies, and these questions appeared 
to perform as well as traditional probable-lie 
comparison questions (Honts & Raskin, 1988; 
Horowitz, Kircher, Honts & Raskin, 1997).  Ad-
ditionally, the FoD failed to explain why high 
polygraph accuracy was found in low-moti-
vation laboratory studies of the polygraph in 
which the participants had little reason to fear 
detection (Bradley & Ainsworth, 1984; Honts, 
Raskin & Kircher, 1987; Horvath, 1988; Hor-
vath & Palmatier, 2008).  It also provided no 
explanation for tentative evidence of a high 
false positive rate among truthful examinees 
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tested by law enforcement to support claims 
of having been victims of a violent crime (Bar-
land, 1982; Raskin, Kircher, Honts, & Horow-
itz, 1988).  Finally, data from a lab study by 
Offe and Offe (2007) suggested that differen-
tial reactivity arises from the salience of the 
relevant questions, not from the comparison 
questions.  For these reasons an alternative to 
the FoD model was necessary.

A new theory was proposed by Ginton (2009) 
that appears to address the shortcomings of 
the FoD model.  Called Relevant-Issue Gravi-
ty (RIG), the theory is premised on differenc-
es in the binding power of relevant questions 
upon the attention of truthtellers and liars.  
It takes as given that all examinees find rele-
vant questions salient.  The difference is that 
for the guilty examinee there is a memory of 
the behavior, called an episodic memory, that 
drives the salience, a memory the innocent 
examinee does not have.  RIG theory predicts 
that the episodic memory resident in the guilty 
examinee compels the examinee’s attention to 
the relevant question, which will give rise to a 
physiological response that is expected from 
salient stimuli.  Truthtellers, in contrast, with 
no episodic memory for the relevant topic, find 
a larger portion of their attention shifted to 
distractor items, which polygraph examiners 
call comparison questions.  From this vantage, 
the true purpose of comparison questions is 
not to impose fear to compete with the fear 
of the relevant question.  Rather, comparison 
questions are placed in the question sequence 
to test the degree to which an examinee’s at-
tention can be shifted from the relevant ques-
tions.  The expectation is that the presence of 
an episodic memory pertaining to the relevant 
issue can be revealed by the persistence of re-
activity to relevant questions.  Not only does 
the RIG theory overcome the incompatibilities 
between FoD prediction and the evidence, it 
is consistent with Offe and Offe’s conclusion 
that a large contributor to decision accuracy 
is how much reactivity takes place on the rel-
evant question when it is juxtaposed in a se-
quence with potential distractors.

The central role memory plays in the process 
of deception can easily be demonstrated with 
a simple thought experiment.  Here it is.  We 
propose the reader prepare to tell a lie for the 
following question:  In what month were you 

born?  Regardless of what month the reader 
has chosen to offer as the lie, the first answer 
to come to mind was the correct month, not 
the lie.  The false answer never comes to mind 
first.  This demonstrates a core function of the 
mind, to seek accurate information stored in 
memory before deciding on the answer.  If the 
memory exists, asking the right question of an 
attentive person will trigger the memory.  This 
is true for both liars and truthtellers, and can 
be exploited in polygraph testing by carefully 
choosing test questions. 

To summarize the basics:

1. Polygraph testing is a Stimulus-
Response paradigm.  Questions are 
the stimuli and the physiological 
arousals are the responses.

2. The three characteristics of any 
stimulus that evokes a physiological 
response are novelty, intensity, and 
salience.  

3. In general, the more of any of these 
three characteristics a stimulus has, 
the greater the response.

4. Polygraph is a test of salience.  
Deception is inferred from 
physiological arousals that signal 
the degree of salience.  Fear or other 
emotions, as well as cognitive load, 
may follow the internal appraisal of 
salience and mediate the response 
intensity but they are not the initiator 
of polygraph reactions.

5. Relevant questions can be salient 
to both truthtellers and liars, though 
they generally differ in the degree of 
that salience.

6. Questions cause people automat-
ically to seek accurate information in 
the form of memories to answer the 
question, irrespective of how they an-
swer.

7. The use of comparison questions 
(distractor items) in a test is to help as-
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sess whether the examinee has an ep-
isodic memory in the scope of the rele-
vant question inasmuch as examinees 
who have such memories will produce 
larger relative reactions to relevant 
questions than examinees who do 
not.  Examinee answers to comparison 
questions do not necessarily need to be 
lies for these questions to serve their 
function as distractors but should trig-
ger the person’s search for accurate in-
formation or memories should trigger 
the person’s search for accurate infor-
mation or memories. 

Implications

If the previous assumptions are correct they 
give rise to guiding principles regarding exam-
inee suitability and test question construction, 
introduction and presentation.  The principles 
also reveal shortcomings of the “lie detector” 
and FoD perspectives in polygraph testing.  
We address these in the next four sections.

Suitability

Effects of Priming or Conditioning

It is generally accepted among polygraph prac-
titioners that exams should be rescheduled if 
the examinee had recently been interrogated 
extensively.   The reason is self-evident.  If 
polygraph is a test of salience, and salience 
has been artificially imposed upon the relevant 
topic by an intense accusatory period shortly 
before polygraph testing, reactivity would be 
expected to appear on the relevant questions 
irrespective of whether the examinee was de-
ceptive.  For this reason, examiners typically 
allow a cooling-off period between an interro-
gation and a polygraph examination.

Testing Possible Victims of Trauma

It may be recalled from an earlier discussion 
that being asked a question will cause an in-
dividual to search his or her memory for ac-
curate information, regardless of the answer 
chosen.  Good polygraph questions are in-
tended to target the recollections of decep-
tive examinees while simultaneously allowing 
truthful examinees to know such recollections 
do not exist in their memories.  This process 

works well for most cases.  An exception might 
be when the recollection is associated with 
trauma, such as having been a victim of a sex-
ual assault.  Test questions that trigger that 
type of memory can be very personally mean-
ingful as well as emotionally disturbing.  For 
these individuals physiological responding to 
relevant questions may have an explanation 
other than deception.  One expected effect of 
an association between trauma and relevant 
questions that bring to mind that trauma is 
that polygraph examinees with those memo-
ries could be inclined toward false positive re-
sults.  There has been one study that provides 
a glimpse of this possibility.  In a reanalysis 
of a 1977 blind scoring study by Frank Hor-
vath, Barland (1982) and Raskin et al. (1988) 
reported that almost all false positive errors 
in that study of field cases were from tests of 
victims.  While more work is needed to con-
firm that finding, it is consistent with the no-
tion that test questions that force the recall of 
a harrowing experience will always be highly 
significant to the examinee, and consequent-
ly more likely to elicit physiological responses 
that may be indistinguishable from those as-
sociated with deception.

Test Question Construction

Taboos

Overly intrusive test questions about very per-
sonal conduct can present special challenges 
in polygraph testing.  This is most true on the 
topic of sex, an area that until recent years 
was routinely found in the polygraph examina-
tions of police officer candidates.  For the aver-
age individual, questions over personal sexual 
practices can be unsettling.  This is because in 
most cultures queries about such topics, espe-
cially from strangers, are a substantial breach 
of etiquette.  The topic of sex is always salient 
in such circumstances.  For this reason, rel-
evant questions about sexual practices may 
elicit physiological arousals among truthful 
examinees due to embarrassment, anger, de-
fensiveness, or the concealment of tangential-
ly related behaviors the examinee prefers not 
to discuss.  Collectively, the polygraph profes-
sion found long ago it needed to be very care-
ful of sexually based comparison questions, a 
recognition that the very strong reactions they 
often cause could risk a false negative result 
except under certain conditions.
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There are two common circumstances where 
sex-based relevant questions may not be so 
problematic.  One is when the examination is 
focused on a criminal sexual offense for which 
the examinee is a suspect.  In these kinds of 
cases the relevant questions regard a partic-
ular criminal act, not the examinee’s sexual 
behavior in general.  Relevant questions are 
structured to prompt a memory of a very spe-
cific event in the mind of the guilty examinee, 
one for which the truthful examinee is certain 
he did not commit.  For comparison questions 
one of the recommended practices for tests 
about sexual crimes is to cover broad areas 
of sexual activities (Abrams, 1989; Krapohl & 
Shaw, 2015; Matte, 1996; Reid & Inbau, 1977) 
where the concern addressed in the previous 
paragraph may be exploited for the benefit of 
the exam.  Because of the power of sex-based 
comparison questions is so potentially great, 
they are restricted to examinations in which 
the relevant questions are about a sexual 
crime: Sexual activities are never covered in 
comparison questions in tests where the rel-
evant question does not also cover sexual ac-
tivities.

A second circumstance where sex-based rele-
vant questions may be less troublesome are in 
the testing of convicted sex offenders in treat-
ment.  One of the pertinent factors that distin-
guishes these examinees from others is that 
they will have had multiple lengthy and in-
depth conversations with therapists and pa-
role/probation officers regarding their sexual 
interests and activities well before the offend-
ers are subject to polygraph testing.  As such 
the taboo normally associated with sexual in-
quiries may be less upsetting, even expected, 
than it would be for the average citizen in the 
community.  

Evocative Terms

In work unrelated to polygraph testing Brad-
ley and Lang (1999) investigated the affective 
power of single words.  They asked undergrad-
uate college students for subjective ratings 
on common English words along the dimen-
sions of happy vs unhappy, excited vs calm 
and controlled vs in-control.  From this they 
developed affective norms for more than 1000 
words.  The Bradley and Lang data indicated 
certain terms had a combination of significant 
arousal and negative valence.  This subset of 

words was judged as strongly stimulating in 
a negative emotional direction.  Said simply, 
they were significantly more disturbing than 
are most words.  Among the strongest were 
rape, mutilate, murderer, assault, violent, cru-
cify and slaughter.  Relatedly, many polygraph 
students are taught to avoid these kinds of 
words because they are suspected of causing 
reactions in themselves.  For practical reasons 
Bradley and Lang could not assess the affec-
tive power of all words, but the concordance 
between their findings and common polygraph 
instruction would indicate the indiscriminate 
use of potentially evocative words may come 
with a risk of adding a confounding source 
of salience to polygraph questions.  Similar 
evidence is found in the work of Dindo and 
Fowles (2007).

Doubt

Polygraph test questions can garner impor-
tance to the examinee if he is uncertain of the 
truthfulness of his answer.  Ambiguous test 
questions complicate the examinee’s men-
tal search for information, increasing cogni-
tive demands and sometimes anxiety or other 
emotions.  Questions that induce doubt will be 
salient by their nature.  Doubt may be harm-
ful or helpful to polygraph testing, depending 
on whether test questions evoking doubt are 
relevant or comparison questions.

If relevant questions are insufficiently clear to 
the examinee due to unfamiliar terminology, 
ambiguous expressions, poorly chosen words, 
excessive complexity or scoping that exceeds 
an examinee’s capacity to completely recall 
or effortlessly process what is being asked, 
reactivity can occur to the question that is 
unassociated with deception.  It is one of the 
reasons polygraph students are instructed to 
use clear and concise relevant questions and 
to stay away from legal terminology3, scientific 
names, or words unfamiliar to the examinee.  
Unless the examinee is a specialist in a given 
field, memories associated with the behavior of 
interest will not be associated with specialized 
terms.  Examiners are instructed in school to 
use the examinee’s vocabulary in relevant test 
questions to minimize examinee doubt.  Sim-
ilarly, compound relevant questions or “shop-
ping list” relevant questions may introduce 
complexity that also induces reactivity due to 
processing demands, a problem that can be 
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avoided by merely testing separate behaviors 
in separate test questions.

In contrast to doubt’s negative effect on rele-
vant questions, uncertainty can be very useful 
with probable-lie comparison (PLC) questions 
and is regularly used by examiners.  The more 
doubt the question can induce the more effec-
tive it can be.  Polygraph students are taught 
to make PLCs as broad as possible.  The ratio-
nale for this approach is usually based on in-
creasing the likelihood that the examinee will 
be lying to the PLC.  Since lying is not necessary 
for comparison questions to function (remem-
ber DLCs?) the more plausible mechanism is 
that the significance of the question has been 
enhanced by the examinee’s uncertainty.  The 
effect of doubt can easily be demonstrated us-
ing a volunteer attached to a polygraph who is 
asked a series of unrehearsed and increasing-
ly difficult trivia questions that require strictly 
yes or no answers.  Reactivity will generally 
covary with the level of uncertainty the volun-
teer experiences.  

One of the longstanding debates among poly-
graph examiners is which type of PLC is supe-
rior, broad questions proposed by John Reid 
which can incidentally encompass the rele-
vant topic (Reid & Inbau, 1977) or a later ver-
sion introduced by Cleve Backster that is spe-
cifically designed to exclude the relevant topic 
(Matte, 1996).  They are often referred to as 
“non-exclusionary” and “exclusionary” PLCs, 
respectively.  Backster argued that exclusion-
ary PLCs reduced the chance that a guilty ex-
aminee would confuse a PLC with a relevant 
question, the consequence of such confusion 
leading to an inconclusive result rather than a 
correct deceptive one.  Those in the Reid camp 
advocate for the non-exclusionary approach, 
arguing it functions better than does the ex-
clusionary PLC.  History proved Backster to 
be the more persuasive one, and exclusionary 

3One of the test questions in polygraph screening of individuals seeking a US Government security clearance uses the 
word “espionage,” a term so specialized that examiners often must read or recite the legal definition to the examinee.  It 
is a test question that speaks to a specific law rather than to a behavior (e.g., giving classified information to a foreign 
government without authorization), likely making it a less effective polygraph question.  By way of example, consider the 
following two questions regarding income tax evasion.  Question 1:  Did you commit tax fraud in 2019?  Question 2: Did 
you submit a falsified tax form to the IRS in 2019?  The first question addresses the law, the latter the behavior.  Most 
examiners are likely to agree that the second question is better because the language is probably how the examinee would 
have encoded the act in his memory.   Because polygraph examiners are trained in the selection of test questions, it seems 
reasonable that the “espionage” question is the product of government policy drafted by those not familiar with the current 
understanding of polygraph.

PLCs came to be the dominant method in the 
field.  

Backster’s rationale would be correct if one 
looked at the polygraph strictly as a “lie-de-
tector”.  As a “lie-detector” the guilty examinee 
would be lying to the relevant topic with both 
the relevant question and the non-exclusion-
ary PLC, potentially producing equivalent re-
actions to both categories of question and an 
inconclusive outcome.  If “salience detector” is 
a better description of the polygraph, it is rea-
sonable to anticipate Reid’s more expansive 
non-exclusionary PLC would perform better 
than Backster’s narrower PLC.  Reid’s broader 
question would be expected to engender more 
uncertainty for the examinee.  Large-sample 
research suggests that Reid was correct (Am-
sel, 1999; Horvath & Palmatier, 2008).  The 
non-exclusionary PLC produced higher poly-
graph classification accuracy for both truth-
ful and deceptive examinees in those stud-
ies, though the evidence is mixed as to which 
group benefited more.  Increased salience im-
posed via greater doubt may be a significant 
contributor to this difference.

Task Demands

As discussed earlier, DLC questions appear to 
function well as distractors even though they 
do not require deception as the PLC does4. The 
question is why this may be true.  Returning 
again to the assumption that polygraph is a 
test of salience, why should DLCs evoke reac-
tions?

The answer may be that DLCs are the only 
questions in the series of questions that in-
clude special instructions.  That is, on DLCs 
and only on DLCs does the examinee need to 
remember to answer differently from the other 
questions.  This is called a task demand.  In 
psychology task demands are processes that 
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are required to perform a task.  The more diffi-
cult is the task the greater is the task demand.  
Because answering a DLC entails a different 
task from answering other questions, it gains 
significance for the examinee.  To make DLCs 
more salient in practice, they are always linked 
to a memory.  They are also examinee-referen-
tial, that is, they ask about the examinee’s be-
havior (e.g., Have you ever broken a minor traf-
fic law?) versus non-self-referential and trivial 
DLCs (e.g., Is Hawaii an island?) because the 
latter has been shown to be significantly less 
effective (Horowitz, Kircher, Honts & Raskin, 
1997).  This would be predicted using the sa-
lience model.  The combination of linking the 
DLC with an episodic memory along with the 
added task demands associated with answer-
ing DLCs provide a better explanation for their 
evocative power than does the FoD model.

Test Question Introduction

Excessive Emphasis 

A subtle influence could be caused by exam-
iner behavior during the pretest interview.  
Examples might include where the examiner 
states he or she does not believe the examinee 
on the relevant topic(s), and that the examina-
tion is merely pro forma for an inevitable failed 
outcome.  In the same vein, if an examiner re-
lates to the examinee that the only questions 
on the examination that matter are the rele-
vant questions, the instruction may diminish 
the distracting power of comparison questions 
and shift reactivity in the direction expected of 
deceivers.  In both cases the examiner has im-
posed personal importance upon the relevant 
questions, increasing the likelihood of greater 
reactivity to them irrespective of whether the 
examinee is innocent.

4Users of the DLC methodology were likely taught to have the examinee think of a transgression but not to tell the 
examiner what it is.  The real purpose for discouraging the examinee from discussing the transgression is not found in 
the literature, but because the present authors present when it took place, they can now reveal that the prohibition on 
soliciting info¬rmation on DLCs was based on politics rather than science.  The DLC entered the mainstream in the early 
1990s as a replacement for the PLC in US government security screening.  The shift was due to examinees complaining in 
large numbers to leadership and legislators about the intrusiveness of some of the questions, meaning PLCs.  Moreover, 
some examinees lost their security clearances after making admissions on PLCs.  Because not all examinees got the 
same PLCs, one’s disqualifying admissions may have come about because of the PLC the examiner chose rather than the 
standardized coverage of the relevant questions everyone received.  To address this problem, US government examiners 
were taught to explicitly tell examinees not to disclose their transgressions regarding DLCs, only to think of one or two 
peccadillos in the area the DLC covered.  This became doctrinal even to those outside of government who adopted the DLC.  
A problem recognized by many examiners who use DLCs is that some examinees can habituate to these questions quickly.  
One reason for the habituation may be that the examinees begin to answer the DLCs by rote without accessing the related 
transgression in memory.  Perhaps a better approach would be to tell the examinee that he will be asked after the exam 
what the transgression was and so he will need to recall it, though never actually pursuing the matter after testing.  This 
manipulation would make for a partial test of the salience model proposed here.

Conversely, an overemphasis on comparison 
questions can also influence detection accu-
racy.  If accusations can affect relevant ques-
tions, so too can they affect comparison ques-
tions.  Similarly, a disproportionate amount of 
time invested on one question or category of 
question can signal to the examinee that they 
are more important than other questions.  In 
this way these questions may inadvertently 
acquire additional salience above that which 
they would have otherwise. 

Test Question Presentation

Uniformity

As discussed previously, novelty or surprise 
can evoke physiological responding.  For this 
reason, the presentation of test questions 
during physiological recording should not vary 
in ways that are novel or surprising.  Examples 
of the kinds of differences that may be novel 
include changes in the pitch, speed, fluidity, 
or volume in which some questions are pre-
sented but not others.  Examiners with latent 
expectation bias may inadvertently change 
how some questions are asked, and thereby 
load novelty, a contaminant, onto those ques-
tions.  

To avoid this possibility examiners can opt for 
the digitized voice for reading the questions 
during the test.  Digitized voices are not en-
cumbered with the degree of variability that 
human voices have.  They present every ques-
tion the same way every time.  Reducing vari-
ability in the presentation of the test ques-
tions is expected to reduce the variability in 
the subsequent responses.  Automated pre-
sentation of test questions may incrementally 
increase polygraph accuracy (Honts & Amato, 



32

Krapohl, Dutton 

Polygraph & Forensic Credibility Assessment , 2020, 49 (1)

1999).  Almost all computer polygraphs offer a 
digitized voice option for reading the test ques-
tions. One obvious precaution is to ensure 
that an unfamiliar accent or poor quality of 
voice synthesis does not create a distraction in 
itself. There is at least one type of uniformity 
that should be avoided during testing.  That is 
the practice of beginning several different rele-
vant questions with the same phrase, thereby 
preventing the examinee knowing which ques-
tion it is until late into the question presenta-
tion.  If an examinee intends to deceive on one 
of the questions, the introductory phrase may 
prompt an initial reaction to each test ques-
tion that begins with the same phrase, intro-
ducing noise into the physiological data.  The 
problem could be more severe if relevant and 
comparison questions both share the same 
phrase.

Extraneous Stimuli

Unexpected sights and sounds during testing 
may also induce phasic responses.  If exam-
iners clear their throats, shift in their chair, 
or do other things just before asking a test 
question, these sounds may be novel enough 
to induce a reaction.  Likewise, examinees can 
usually hear when an examiner types on the 
keyboard and may interpret the typing as an 
indication something occurred on the chart 
at the question when typing took place.  This 
may cause reactions.

Examinees normally have a field of view of 210 
degrees, and if the examiner is in that visual 
range his or her movements can catch the at-
tention of the examinee.  If found to be novel 
or interesting to the examinee, the movements 
may be responsible for reactivity.  Examiners 
must be mindful that novel sights and sounds 
in the polygraph suite interfere with the test-
ing process.

To control the potential effect of extrane-
ous sounds on the polygraph data, including 
those caused by outside noises not under the 
control of the examiner, sound-abating head-
phones can be placed on the examinee.  If the 
digitized voice is also used through the head-
phones, reactions are more likely to be associ-
ated with the test questions than the outside 
distractions.

Conclusion

We propose here an alternate to the FoD mod-
el to better explain the underlying causes of 
reactions during polygraph testing.  The FoD 
model, a longstanding hypothesis in the poly-
graph field, only predicts effects when fear is 
the dominant factor during polygraph testing.  
Others have previously identified this model’s 
insufficiency (Khan, Nelson & Handler, 2009).  
Complete reliance on the FoD model can lead 
to errors in question development and the in-
terpretation of physiological responses that 
accompany those questions.  In its place we 
encourage consideration of the effects of nov-
elty, intensity and salience when developing, 
reviewing and presenting polygraph questions.  
We also invite investigation of Ginton’s (2009) 
Relevant-Issue Gravity framework, a perspec-
tive not yet widely appreciated in the field.  It 
expands upon the basis that the polygraph is 
a test of salience, provides a more generaliz-
able foundation for how comparison questions 
function, and invites the possibility of an en-
tirely new category of comparison question.  It 
is one of the stronger candidates to replace the 
FoD model.

As a closing comment we observe that the de-
velopment of theoretical frameworks is some-
times viewed by some as merely academic ex-
ercises.  If an existing model is “good enough,” 
there is no need for a new one, they might ar-
gue.  No model will change how we go about 
our practice.  Perhaps they have a point.  

Except:

In the world of polygraph, where there are of-
ten substantial consequences that can accom-
pany polygraph results, we would submit that 
any framework that can reduce errors of pro-
cess should be of interest to all practitioners.  
In this paper we offer the possibility of just 
such a framework, constructed from the work 
of many before us, and encourage further tests 
that may prove, disprove or improve it.
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A Discussion of PLC and DLC Question Procedure and Ironic Process Theory*

Raymond Nelson, Mark Handler, Rodolfo Prado and Ben Blalock

Abstract

Probable Lie and Directed Lie Comparison Questions are discussed within the frame-
work of how they are used to generate appropriate levels of salience under the analytic 
theory of the polygraph.  The authors provide a framework for the process of introduc-
ing both types of comparison question and discuss the concept of Ironic Process Theory 
as it applies to the Directed Lie Comparison Question.  The authors discuss the Proba-
ble Lie process as a goal-oriented endeavor that requires manipulation of the examinee 
into denying commonplace transgressions and believing they must pass each question 
to pass the test.  Finally, we offer examples of the introduction of both Directed and 
Probable Lie questions.

Try to pose for yourself this task: not to 
think of a polar bear, and you will see 
that the cursed thing will come to mind 
every minute.[Fyodor Dostoevsky, Winter 
Notes on Summer Impressions, 1863]

Introduction

Comparison questions are used in psycho-
physiological detection of deception (PDD) 
testing to provide a basis of recorded informa-
tion to increase the objectivity, reliability, and 
reproducibility of analytic conclusion about 
deception or truth-telling in response to rele-
vant test questions.  Summers (1939) first de-
scribed the use of what today is known as the 
comparison question test (CQT) format, con-
sisting of a question sequence of three relevant 
question interspersed with three comparison 
question and three neutral questions, repeat-
ed three times – though some terminology dif-
fered from current usage. [Refer to Krapohl 
(1996) for a discussion about the evolution of 
terminology applied to these questions.] Use 
of the comparison question and comparison 
question test was promoted and popular-
ized within the polygraph profession by Reid 
(1947), and others including Backster (1963) 
researchers at the University of Utah (Raskin 
& Hare, 1978; Kircher & Raskin, 1988; Bell, 
Raskin, Honts & Kircher, 1999), the U.S. De-
partment of Defense (2006a), and the Ameri-
can Polygraph Association (2011).

Kubis (1962) first described the use of a Likert 
(1932) type integer scale to transform CQT data 

into numerical values. Use of numerical scor-
ing and Likert type numerical transformations 
using a 7-position scale was promoted and 
popularized within the polygraph profession 
by Backster (1963), along with researchers at 
the University of Utah (Bell, Raskin, Honts & 
Kircher, 1999; Kircher & Raskin, 1988; Raskin 
& Hare, 1978). The 7-position scoring meth-
ods was later modified to become a more ob-
jective 3-position ordinal rank scoring method 
by Van Herk (1990) and the U.S. Department 
of Defense (2006b), and subsequently became 
the basis for the Empirical Scoring System  
(Nelson, 2017; Nelson, Krapohl & Handler, 
2008; Nelson et. al., 2011). 

The CQT differs from earlier PDD test formats 
in the use of a comparison question against 
which responses to relevant questions can be 
juxtaposed for analysis. A comparison ques-
tion is a polygraph test question intended to 
provide innocent or truthful persons an oppor-
tunity to answer a greater response-inducing 
question in relation to the investigation target 
stimulus or relevant question. The analytic 
theory of PDD testing is that greater changes 
in physiological activity are loaded at different 
types of test stimuli as a function of deception 
or truth-telling in response to relevant tar-
get stimuli. Although discussed here with re-
gard to the CQT, this analytic theory can also 
be applied to the concealed information test 
(CIT), for which the different types of stimuli 
are the key-question and non-key questions, 
and also to the relevant-irrelevant test (RIT), 
for which the different types of stimuli are 

*A portion of this content appeared in the APA Magazine 53.1 and is reprinted here with permission.
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 1 There have been earlier discussions regarding “exclusive” or “non-exclusive” types of PLC questions. However, scientific 
studies have not supported the assumption of any real difference in effect-sizes from these two (Amsel, 1999; Honts & 
Reavy, 2009; Horvath & Palmatier, 2008; Horvath, 1988; Palmatier, 1991). Consequently, the discussion is moot for the 
exclusive CQ hypothesis, as it is not supported by evidence. Field practices have evolved to include both exclusive and 
non-exclusive CQs as indicated by individual circumstances. Discussion of PLC question herein includes both exclusive 
and non-exclusive types.

those to which a person may be deceptive or 
truthful. [See Nelson (2016) for a discussion of 
the analytic theory of the polygraph test.] Re-
actions to the test target stimuli can be com-
pared with responses to comparison stimuli to 
calculate a statistical classifier for deception 
or truth-telling. 

An important advantage of the CQT is that, in 
contrast to earlier test formats, it more readily 
accommodates some of the basic principles of 
scientific decision-making. One of those prin-
ciples is the notion that all conclusions about 
the meaning of data from a scientific test or 
experiment are made with regard to other pos-
sible conclusions. Another important princi-
ple is that transformation of recorded data to 
numerical values, whether linear or non-para-
metric, can increase the objectivity and reli-
ability of analytic conclusions compared to 
unstructured putative expert judgment. The 
purpose of any comparison question is to pro-
vide a basis of comparison that can support 
a more objective and reproducible numerical 
transformation and analysis of responses to 
relevant questions that describe the investiga-
tion target issues of a PDD examination. The 
CQT remains the most commonly used form 
of polygraph technique for both diagnostic ex-
ams – conducted in the context of a known 
allegation or incident – and screening exams 
– conducted in the absence of a known allega-
tion or incident. 

Two basic types of comparison questions are 
in use today: probable lie comparison (PLC) 
questions, and directed lie comparison (DLC) 
questions. For PLC questions the examinee 
is manipulated into answering NO where it 
is assumed that this verbal response is most 
probably incorrect. For DLC questions the ex-
aminee is instructed to answer NO  though it 
is established and known that this answer is 
incorrect. Like all PDD questions, both PLC 
and DLC questions must be carefully reviewed 
during the PDD pretest interview. For rea-
sons, both ethical and scientific, there are no 
un-reviewed questions during PDD testing. Of 

these two types, the PLC is subject to greater 
controversy due to their inherently manipu-
lative use and presentation. Some examiners 
mistakenly believe that PLCs will be ineffective 
unless adapted or customized to the individ-
ual and case circumstances. This has led to 
expressions of concern and criticism among 
scientists about standardization and reliabili-
ty (NRC, 2003). DLC questions are more easily 
standardized and may offer some advantages 
because their effective use is less reliant upon 
psychosocial manipulation and subjectivity. 
However, no published information suggests 
any significant difference between the effect 
sizes for the two types of comparison ques-
tion1. [See Blalock, Nelson, Hander & Shaw 
(2011; 2012) for a discussion of the published 
literature on DLC questions.]

Neither DLC nor PLC questions should be 
misinterpreted as premised on an assumption 
that the polygraph measures lies per se. While 
past discussions about PLC questions have 
tended to emphasize emotion as a source of re-
sponse, more recent discussion has centered 
on a plurality of factors that may contribute 
to responses to PDD test question – both rele-
vant and comparison.  These include emotion, 
cognition or mental activity, and behavior-
al conditioning. [Refer to Khan, Nelson Han-
dler (2009) along Handler, Shaw and Gougler 
(2010) and Handler, Deichman, Kuczek, Hoff-
man and Nelson (2013) for further discussion 
about emotion and cognition in PDD testing.] 
It is neither possible nor necessary to know 
the exact emotion or exact cause of any emo-
tion. In the same way, it is neither possible 
nor necessary to know the exact details of all 
mental activity and the various cognitive fac-
tors – which may include memory, attention, 
decision, novelty, and other factors – related 
to PDD test stimuli. Although we may want to 
know the details of an examinee’s involvement 
in behaviors described by the relevant ques-
tions (RQs), it is similarly not necessary nor 
possible to know the exact details of a person’s 
behavioral experience related to the compari-
son questions (CQs).
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Polygraph Theory 

To appreciate how polygraphs are intended 
to work, it is important to understand (1) the 
theory of the polygraph test, (2) relevant ques-
tions and their construction, and (3) the two 
types of comparison questions. The theory of 
PDD testing is premised on the fact that hu-
mans generate recordable physiological reac-
tions to test stimuli – the RQs as well as to 
the CQs. The analytic theory of PDD testing 
is that greater changes in physiological activ-
ity are loaded at different types of test stimuli 
(i.e., RQs and CQs) as a function of deception 
or truth-telling in response to relevant target 
stimuli (Nelson, 2016). RQs refer to the inves-
tigation target issue, or topic of the polygraph 
examination, and are reviewed during the pre-
test interview. CQs – whether DLC or PLC – are 
questions regarding integrity and deception in 
general and must also be carefully reviewed 
and correctly introduced in order to produce 
the desired effect. Many decades of study have 
confirmed the practical value and validity of 
this analytical theory – having shown that 
responses are loaded sufficiently to permit 
probabilistic inferences about deception that 
exceed chance expectations. The analytic the-
ory of the PDD and CQT is the same whether 
comparison questions are of the PLC or DLC 
variety, and the same despite differences in 
their introduction and usage.

It is assumed that all test subjects want to 
pass the polygraph test – that is their goal. 
The test questions function as a challenge 
to the test subject’s goal of passing the test. 
The amount of mental effort required to an-
swer a test question truthfully or correctly 
versus deceptively (or incorrectly) has been 
discussed as an underlying mechanism for 
the physiological reactions to test questions. 
In this model, cognitive activity is associated 
with the challenge to the examinee’s goal of 
passing the test, and gives rise to the chang-
es in physiological activity that are observed 
and recorded during PDD testing. Questions 
that require more mental activity (because of 
a deceptive or incorrect answer) will, in gener-
al, produce the larger physiological responses 
(Barland & Raskin, 1973; Craig, 1998; Day 
& Rourke, 1974; Kircher, 1983; Waid, Orne, 
Cook & Orne, 1978). 

Relevant Questions

Effective use or selection of investigation tar-
gets and formulation of RQs is fundamental to 
the effectiveness of the CQT. RQs will describe 
the examinee’s involvement in the specific be-
haviors under investigation. RQs should be 
clear, concise and behaviorally descriptive so 
that a truthful person is sure they are answer-
ing truthfully. Answering truthfully to RQs 
should require little mental effort. If an RQ is 
overly broad, a truthful person may engage in 
excessive or unwanted mental activity due to 
confusion or ambiguity, or due to uncertain-
ty about whether their answer is correct or 
true. It is possible that ineffectively formulated 
RQs can induce physiological responses from 
truthful persons that may be quantitatively 
similar to those of deceptive persons. 

This cognitive effort hypothesis assumes that 
persons who answer truthfully to the RQs will 
be required to engage in mental activity that 
differs quantitatively from persons who are 
engaging in deception. Although it is difficult 
to evaluate directly the qualitative or quanti-
tative content of responses to RQs, quantita-
tive differences can be observed more easily by 
comparing responses to RQs with responses 
to CQs. This model also includes the possibil-
ity that quantitative differences in CQs may 
occur as a function of deception or truth-tell-
ing in response to RQs – where the cognitive 
demands of the RQs draw mental resources 
away from the CQs. It is also likely that emo-
tional and behavioral conditioning factors play 
a role in differential responses to PDD test 
stimuli. Regardless of the exact mechanism of 
difference, studies have supported the analyt-
ic theory of the polygraph for the greater part 
of a century, and the differential salience of 
the RQs and CQs can be inferred, coded nu-
merically, and used to calculate a statistical 
classifier for deception or truth-telling. The 
process of introducing the CQs can be con-
sidered of equal importance with the selection 
and introduction of RQs. 

PLC Questions

CQs are intended to generate mental activity. 
As with RQs, CQs may also invoke emotional 
content and responses due to behavioral ex-
perience. Correct use of CQs is fundamental 
to the effectiveness of the CQT. As mentioned 
earlier, there are currently two approaches to 
the preparation and presentation of the com-
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parison question that are generally accepted. 
Comparison questions can be presented as ei-
ther a PLC or as a DLC question (Raskin & 
Honts, 2002). As shown in Table 1, the prepa-
ration and presentation will differ for DLC and 
PLC questions. 

In the PLC approach, the examinee is manip-
ulated by the examiner during the pre-test in-
terview into denying transgressions that are 
often topically similar to that addressed by the 
RQs. For example, if the relevant questions ad-
dress a reported theft of object of value, a PLC 
comparison question might be, “Have you ever 
stolen anything from another person?” It is 
also common to use the general topics of lying 
and dishonesty as information or topical con-
tent for CQs. For example: “Have you ever told 
a serious lie to get out of trouble with people 
in authority?” Introduction of PLC questions 
is an area of great variability in field practice, 
because individual personality attributes can 
play a role in the ambiguous communication 
and manipulation that are central to these 
questions. The following is a short example of 
PLC introduction dialog.

Now these next questions I’m 
going to ask you are just as 
important as the things we have 
been discussing, if you want to 
pass this polygraph test. Because 
you cannot pass this test if you 
are not telling me the truth. And 
that means the complete truth. 
One-hundred percent truth. This 
polygraph cannot tell the difference 
between a white lie and a serious 
lie, and cannot tell the difference 
between a half-truth and a lie. Just 
as there is no such thing as sort-of 
pregnant or partially pregnant, you 
are either an honest and truthful 
person – in which case you must 
already have told me the complete 
truth – or you may be the kind of 
person who says you are honest 
and truthful even though you are 
not. So, my question is just this: are 
you an honest and truthful person? 
Not just kind of honest, like when 
it is convenient. But really honest 
and truthful?

 Now many people are not perfect 
in their honesty and integrity, and 
maybe they tell some lies. Maybe 
big lies. Serious lies. Maybe they 
do it a lot. Or, maybe they only lie 
sometimes – and they try to tell 
themselves they are an honest 
and truthful person, most of the 
time. But that is not honest and 
truthful and they know it. We all 
know it. Maybe they only tell small 
lies. Only to strangers, people that 
don’t matter to them. But that is not 
honesty or truthfulness or integrity 
or trustworthiness. Maybe they 
only tell white lies, maybe only to 
people close to them. But that also 
is not honest or truthful. Anyone 
who would lie to the people close 
to them – to people that love and 
trust them – would lie to anyone. Of 
course, they would lie to get out of 
trouble, such as this situation. But 
you already told me you are not 
that kind of a person. So, unless 
you have been lying to me all 
along, these next questions should 
be super easy for you, because 
you already told me you don’t lie 
to people who are trying to trust 
you, or people in authority, or to 
cover up something you have done 
wrong.

PLC questions are reviewed with a demean-
or of subtle or overt judgment towards others 
who have engaged in the activities described 
by the PLCs. Examiners will attempt to give a 
plausible reason for the inclusion of the CQs 
in the PDD testing procedure – though with-
out discussion of the actual purpose of the 
PLC questions. Most examinees will want to 
convey a positive impression of themselves to 
the examiner – or they will at least cooperate 
superficially. The social dynamics of the PDD 
testing situation is used to discourage exam-
inees from making admissions, and to maneu-
ver them into an answer that is most likely 
untrue – a probable lie. Examinees can also 
be maneuvered to agree that a test should be 
developed so as to provide them an opportuni-
ty to show that they are a trust-worthy person 
for whom the alleged theft or crime is unchar-
acteristic or unlikely. 
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In the review of PLC questions, the examiner 
will emphasize to the examinee that they must 
pass every question to pass the test – often 
stating to the examinee that they will fail the 
test if they lie to any question. This is intended 
to create the dilemma for the truthful person 
– and a perceived barrier to passing the test – 
in that they have falsely denied the behavior 
described by the PLC question. For example: 
“Have you ever lied to anyone who was try-
ing to trust you?” RQs are expected to be the 
greatest barrier to passing the test for persons 
engaging in deception – for reasons that may 
involve both cognition, emotion, and behavior-
al experience – whereas the PLC questions are 
merely a procedural aspect of the test. Done 
effectively, truthful examinees will be cogni-
tively and emotionally uncertain about their 
answers to PLC questions. They may be aware 
of having somehow been tricked into lying to 
the comparison questions during the pretest 
interview – and will ideally believe they may 
fail the test because of their responses to the 
PLCs. The examiner will admonish the exam-
inee about the PLC topic, and in doing so will 
admonish the examinee against making any 
admission. If the examinee has already admit-
ted anything or assented to the PLC topic, the 
examiner will develop the admonishment to 
prevent any further admissions.

So, at the end of this polygraph test 
I think you and I are both hoping 
that we can tell them you are an 
honest and truthful person, and not 
a liar or cheat or criminal of any 
kind. Because if you are innocent, 
if you did not do this [investigation 
target issue]. Then the only thing 
standing in your way is if you 
are honest and truthful enough to 
pass a polygraph test. If you are 
then that is great. But if you are 
not – if you are the kind of person 
that might do this – well then that 
is one of the things they will want 
to know. So if you think there is a 
chance that you are not able to be 
completely honest with me about 
things like your own personal 
honesty and integrity – if you have 
done things that  would indicate 
that you are the type of person that 
could lie or cheat or betray the trust 

of people close to you then we are 
going to need to talk and they are 
going to want to know what that 
is all about. What kind of person 
you really are. So, take a moment 
and think about this question 
and make sure you are not hiding 
something from me, not trying 
to hide something from yourself. 
Can you answer this question? 
Truthfully? Completely truthful. 
About whether you [besides that 
what you told me], have ever told 
a lie, a serious lie, to someone who 
loved or trusted you? 

These example PLC dialogs are intended to 
be ambiguous and judgmental and psycho-
logically over-bearing. They are intended to 
constrain the examinee into a desired an-
swer, NO, while overtly appearing to give in-
formation and request information. In most 
interviewing contexts – including counseling, 
coaching, information gathering, consulta-
tion, leadership, investigation, and even in-
terrogation – this manner of communication 
would be regarded as disrespectful and also 
ineffective at facilitating the exchange of accu-
rate or real information. However, in the PLC 
context, accurate and real information is not 
the objective. Instead, the objective is to ob-
tain only superficial compliance from the ex-
aminee – and to pretend to interpret this for 
rapport. The examinee will ideally be aware of 
the fact they are being inauthentic, aware that 
the polygraph examiner has been arbitrary 
and judgmental and insincere in their manner 
of questioning, uncertain about whether their 
answer to the PLC question will be satisfacto-
ry to pass the polygraph test, and conflicted 
emotionally and cognitively as to their choice 
of solution to the dilemma, and resigned to a 
posture of superficial cooperation instead of 
attempted discourse or other resolution. Ex-
aminers will accept the examinee’s superficial 
compliance as a form of acceptable rapport, 
and at no point in the process will the exam-
iner use the word comparison or indicate the 
use of a PLC question.

Truthful persons should, ideally, know they 
are telling the truth in response to the nar-
rowly constructed and behaviorally descriptive 
RQs. As before, the mental activity or cognitive 
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loading hypothesis holds that truthful persons 
will be more focused on, and will engage in 
increased mental activity, when responding 
to CQs than when answering truthfully to the 
RQs. Deceptive persons are expected to focus 
greater attention on, and exert more mental 
effort in response to, the RQs and the need to 
appear truthful than to the CQs. This is be-
cause – having engaged in the investigation 
target behavior as described – the RQs pres-
ent the most substantial barrier to passing the 
test. 

A traditional explanation among polygraph 
field practitioners in the past was the “psycho-
logical set” hypothesis (Matte & Grove, 2001) 
–  citing Ruch (1948)  – which attributed differ-
ences in physiological reactions to RQs and CQs 
to anxiety, apprehension and perceived threat 
to survival and well-being, subsumed as a fear 
of detection and consequences. A number of 
problems surround this hypothesis, beginning 
with the fact that the concept does not appear 
in the psychological literature as it was used 
within the polygraph profession. Handler and 
Nelson (2007) and Senter, Weather, Krapohl 
and Horvath (2010) pointed out that the nar-
row definition precluded this hypothesis from 
integrating the variety of hypotheses that have 
been proposed by psychologists and psycho-
physiologists, and suggested the more general 
term salience as a more inclusive alternative. 

Another burden of liability for the psychologi-
cal set hypothesis is the troublesome citation 
of Ruch by Matte and Grove, for which Han-
dler and Nelson found that neither the term 
nor a description of the hypothesis appear in 
the textbook. It is therefore not surprising that 
scientists have referred to some polygraph ter-
minology as “Alice-in-wonderland-vocabulary” 
(Furedy, 1991).  Even more concerning is that 
use of well-defined psychiatric terms such as 
anxiety, along with highly subjective concepts 
such as apprehension create a non-trivial, and 
possibly insurmountable, barrier in satisfying 
the generally held requirement that a hypoth-
esis must be falsifiable to be held as scientific 
(Popper, 1959). Finally, there may be plausible 
reasons as to why an innocent person may ex-
perience greater fear of RQs than CQs. Some 
effort has gone towards the development of 
metaphors other than fear to help explain dif-
ferences to RQs and CQs2. 

Despite the shortcomings of traditional PLC 
theory, persons who are engaging in deception 
in response to RQs are expected to produce 
greater changes in physiological activity to the 
relevant than to comparison questions (Offe & 
Offe, 2007), while truthful persons are expect-
ed to produce greater changes in physiologi-
cal activity in response to PLC questions. Due 
to the complex social dynamics – which can 
involve a combination of education, training, 

2 An example of this is Ginton (2009) who reframed the fear of consequences metaphor as the “relative issue gravity” 
metaphor, for which attempts to explain the differences in response to RQs and CQs as a function of the gravity of the RQs, 
in a manner that may be consistent with results described by Offe & Offe (2007). In this usage, gravity can be regarded as 
an attraction force acting on the attention of the examinee, and can also be thought of as the seriousness of the relevant 
target issue. Although potentially useful as a discussion metaphor, this reframe of the “psychological set: hypothesis 
may not resolve the problem that RQs may present more gravity to innocent persons than CQs, and may still fall short of 
illuminating the underlying psychological processes. It is likely that a variety of mechanisms will continue to play a role in 
the discussion of responses to PDD test stimuli. 

3 Concern has also been expressed toward the traditional fear-hypothesis for PLC questions, which emphasized emotion 
and fear of detection and consequences as the basis of response. Problems with this older hypothesis are numerous, and 
included the fact there are plausible reasons why a truthful or innocent person may experience greater fear of RQs than 
CQs. More importantly, PDD sensors and signal processing methods cannot differentiate the emotion of fear from anger, 
disgust or other strong emotions. Although emotions of different types may be a factor in responses, PDD technology 
cannot determine the reasons for an emotional experience or response. The traditional fear-hypotheses is also problematic 
because it ignores the role of cognition and behavioral conditioning, focuses solely on emotion as the basis of response, 
relies on problematic use of the psychiatric term anxiety, relies heavily on the subjective experience of apprehension, and 
conveys an impression that PDD questions and PDD testing equate to a threat to an examinee’s survival. Also, the fear 
hypothesis cannot adequately account for the similar effect sizes for PLC and DLC questions – prompting a need to update 
the working theory in lieu of rejecting or ignoring empirical evidence. Although perhaps useful at the time it was introduced, 
this older hypothesis no longer provides a satisfactory understanding or explanation for PDD testing. Contemporary PDD 
theory emphasizes a plurality of factors, including emotion, cognition and behavioral experience, emphasizes a testable 
and falsifiable statement of the effects that are expected to be observable in recorded test data, and attempts a discussion 
that can accommodate empirical evidence suggesting similar effect sizes for PLC and DLC questions. 
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and mission priorities for professionals, in ad-
dition to the potential for mental health, level 
of functioning, and developmental consider-
ations for examinees – and the ethics of ma-
nipulation when using PLC questions, some 
scientists and credibility assessment experts 
have expressed concern about PLC questions3. 
Raskin and Honts (2002) suggested that DLC 
questions were developed, in part, as an effec-
tive alternative to the PLC for these reasons. 
Despite these concerns, there is a substantial 
body of laboratory and field research that sup-
ports the validity of the CQT with both DLC 
and PLC questions4.

DLC Questions

In the DLC approach, the examiner instructs 
the person to answer NO to the CQs 5. The sub-
ject is told that it is important for the examiner 
to observe the normally expected physiological 
responses to the DLCs, otherwise the test will 
be inconclusive (Raskin & Honts, 2002), which 
will mean that they won’t pass the test. A note 
here:  many people will simplistically accept 
that answering NO to a DLC is a lie. Although 
the NO, answer is incorrect, it is not actually 
a lie. A lie is an attempt to deceive another, 
to convince another to believe some statement 
or information that is factually inconsistent 
with reality. Examinees answer NO to DLC 
questions because they are instructed to do 
so. The DLC question is simply a procedure – 

for which the name of the procedure is direct-
ed-lie – used to elicit physiological responses 
for comparison with physiological responses 
to the RQs. Notwithstanding this philosoph-
ical and epistemological nuance, examiners 
will, as part of the DLC procedure, explain to 
the examinee that, in fact, DLC questions are 
equally as important to the test results as are 
the questions about the investigation target is-
sue. Examinees will increase their risk of not 
passing the test if they do not attend to and 
respond properly to the DLC questions. 

One of the advantages of DLC questions is 
that the PDD test can be conducted in a fac-
tual and straightforward manner. Another 
advantage of the DLC approach is the poten-
tial for greater standardization – they are less 
reliant upon psychological manipulation and 
individual personality than PLC questions. 
However, examiner skill in understanding and 
using DLC questions will remain an import-
ant factor. DLC questions must be introduced 
correctly, or truthful and innocent examinees 
may easily fail to appreciate how important 
these questions are to their test results. 

From a practical perspective, and for stan-
dardization, it is sometimes useful to organize 
the use of DLCs into a coherent process. With-
out a coherent and organized understanding 
of the DLC process there may be an increased 
risk that ineffective adaptations of the DLC 

Table 1. Outline of the DLC and PLC processes.

4 Refer to the meta-analytic survey of validated polygraph techniques (American Polygraph Association, 2011) for more 
information. Also, see Offe and Offe (2007) for more information and the results of an experimental test of the analytic 
theory of the CQT. 

 5 Refer to Menges (2004) for a brief history on DLC questions. 
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question may contribute to problematic CQT 
outcomes. Nevertheless, while structure and 
organization are important, effective use of 
both DLC and PLC questions may require that 
the process be executed in a fluid and natural 
dialogue and not as a robotic or mechanized 
step-by-step procedure. Tavle 1 shows an 
outline of the basic processes for introducing 
DLC questions, in parallel with a process for 
PLC questions. Again, published studies have 
failed to show significant differences in effect 
sizes for PLC and DLC questions (Blalock Nel-
son, Handler and Shaw, 2011; 2012; Honts & 
Reavy, 2009).

Both DLC and PLC questions begin with an 
introduction of a question topic about a cate-
gory of behavior related to honesty and integ-
rity, or related in a general way to the inves-
tigation target issue. Both procedures review 
the question topic with a defined objective – to 
normalize (DLC) or stigmatize (PLC) the topic. 
DLC questions seek assent or endorsement of 
the topic, while PLC questions seek denial or 
avoidance of the topic. DLC questions rely on 
simple and clear instructions to answer incor-
rectly, whereas PLC questions rely on psycho-
logical manipulation to solicit a response that 
is assumed to be incorrect (i.e., a probable lie). 
Procedures for both the DLC and PLC ques-
tion include a review of the exact language of 
the question that will be asked during PDD 
test data collection, and both procedures in-
clude a review, prior to the onset of the data 
collection, of the examinee’s intended verbal 
response. Both DLC and PLC questions are 
formulated as closed questions – soliciting a 
NO answer – and require no other talking or 
discussion during data collection.

DLC questions produce physiological reac-
tions and effect sizes similar to PLC questions, 
and can be understood as subject to some of 
the same psychological factors as PLC ques-
tions. The mental effort hypothesis holds that 
persons who are innocent and truthful in re-
sponse to the RQs and investigation target is-
sues will devote attention and mental activity 
to the DLC questions because these may pres-
ent the greatest barrier or challenge to their 
goal of passing the test. As with PLC questions, 
it is likely that emotion, behavioral experience, 

6 See Handler and Nelson (2012) for an introduction to cognitive dissonance and its application to the polygraph context.

memory, and possibly that a variety of other 
psychological factors including the orienting 
response (Sokolov, Spinks. Naatanen, & Lyyt-
inen, 2002), conditioned responses (Davis, 
1961), arousal theory (Ben-Shakur, Lieblich & 
Kugelmass, 1970) and cognitive dissonance6 
and other hypothesis may all play some role 
in psychophysiological response to DLC ques-
tions.

Regardless of whether field practitioners use 
DLC or PLC questions, we can expect that any 
unidimensional theory or hypothesis may be 
inadequate to explain the complexities of hu-
man psychology and physiology. Instead, it is 
more likely that an integration of various psy-
chological theories and perspectives may be 
useful to more completely and more adequate-
ly understand the correlation between observ-
able and recordable physiological reactions 
and PDD test questions.

Ironic process theory and DLC questions

Ironic process theory (IPT) refers to a psy-
chological phenomenon wherein deliber-
ate attempts to suppress or avoid certain 
thoughts (Wegner, 1989; 1994; 2009; Wegner 
& Schneider, 2003; Wegner, Schneider, Carter 
& White, 1987; Wenzlaff & Wegner; 2000) or 
emotions (Gross & Levenson, 1993; Geraerts,  
Merckelbach, Jelicic & Smeets, 2006) can in-
duce the paradoxical or ironic effect. This re-
sults in increasing their occurrence or caus-
ing a person to become more immediately or 
acutely aware of those thoughts or emotions. 
In short, researchers have shown that al-
though it may be possible to suppress emo-
tion, as recorded through physiological activ-
ity associated with autonomic activity, under 
some conditions, the effects of suppression 
are reduced as a function of cognitive loading 
or mental activity. In the PDD testing context 
mental activity is induced by the need to at-
tend to and respond deceptively to relevant 
test questions. 

IPT may provide interesting insight on the re-
sults of a study conducted in the middle east 
wherein DLC questions worked well with ex-
aminees who were also polygraph examiners 
(Nelson, Handler, Blalock & Hernandez, 2012). 
IPT is potentially useful to PDD examiners in 
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that it can help to understand and formulate 
an approach to DLC question formulation that 
requires neither overt psychological manipu-
lation nor intrusion beyond the scope of the 
investigation target or referral issue. 

The following is an example dialogue for each 
stage of the DLC process. An outside observer 
might be struck by the transparent nature of 
this procedure.

1. Introduce and normalize a DLC topic. 

Now it’s important to listen 
carefully, because this is something 
that is quite normal. People are 
only human, and that means all 
people are imperfect. People make 
mistakes. People make errors. 
Most normal people have made a 
mistake or error, and most of the 
time they take responsibility and 
fix it. But most normal people have 
also had some situation in which 
they may have made a mistake or 
an error and then kept it secret, or 
maybe they even told a lie about it. 
It’s unfortunately common. People 
do the best they are capable of, 
and it’s sometimes not perfect. 
If you are like most people, then 
you may have had this kind of 
situation. Most people, including 
those who are honest and truthful, 
have had such an experience 
where they had committed some 
mistake or error, and then, instead 
of accepting responsibility for the 
situation, they may have kept it 
a secret, or maybe even told a lie 
about it. Now perhaps this was 
as a young person, or, quite often, 
even as an adult. 

The first objective, when introducing a DLC 
question, is to normalize the DLC topic for 
the examinee. It is important to note that to 
normalize a DLC topic is not to trivialize its 
importance on the exam. It is also important 
that examiners convey the notion that DLC 
question are equal in importance with RQs. 
Most importantly, each DLC topic must be in-
troduced without criticism or stigma. A good 
strategy is to use common and comfortable 

language while introducing the topic, while 
being careful to avoid expression of disappro-
bation or reproach. 

One way to increase the social comfort of an 
examinee while introducing a topic of poten-
tial discomfort is to make careful use of plat-
itudes. Platitudes are superficial statements, 
often meaningless and factually unnecessary, 
that convey no actual message or informa-
tion. Social platitudes can have the effect of 
increasing interpersonal comfort by stopping 
and replacing other, potentially more authen-
tic, thoughts and communication. For exam-
ple: the phrase “Hi, how are you” can be used 
as a friendly greeting, for which a common re-
sponse is “fine, and how are you,” with little 
actual interest in the details of each other’s 
recent experiences. Platitudes allow people to 
interact in socially comfortable ways. Social 
platitudes can be useful because they allow 
people to greet each other and make contact 
in a friendly manner that also allows people to 
anticipate the quality and context of the ensu-
ing interaction. In the context of introducing 
a DLC question, in the sample dialog above, 
phrases such as “like most people” are intend-
ed to reduce stigma, normalize the topic, and 
increase the comfort of the examinee. Done ef-
fectively, the topic will be introduced in a man-
ner that does not prompt the examinee to as-
sume a posture of denial or avoidance toward 
the DLC topic. Done effectively, the examinee 
will assent and endorse the DLC topic. 

DLC topics are often related to integrity and 
deception. Following are some examples of 
DLC topics related to integrity and honesty. 

• Secrecy or dishonesty to hide or 
avoid responsibility for a mistake 
or error. 

• Secrecy or dishonesty to avoid 
responsibility for violating rules or 
regulations. 

• Secrecy or dishonesty to avoid 
shame or embarrassment. 

• Secrecy or dishonesty to impress 
others or make yourself look 
better. 
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DLC topics. When an examinee does not en-
dorse a second, alternate, DLC topic it may 
be an indication of other problems – possi-
bly indicating an examinee who is deceptive 
or intends on nothing more than superficial 
compliance with the PDD testing process, and 
also possibly indicating that an examiner has 
been ineffective at comfortably normalizing a 
DLC topic. Regardless, in this case, selection 
of a PLC testing strategy may be more effective 
than continuing to attempt to work with DLC 
topics.

3. Advise the examinee about the DLC 
topic.

Now listen, whatever that was that 
happened, whatever you did, I do 
not need you tell me exactly what it 
was, or exactly who was involved. 
I don’t need you to tell me exactly 
what your reasons were, or even 
exactly what the situation was. All 
of that is not what this test is all 
about. 

The objective at this point is to bring some in-
formation about that memory or past behavior 
more prominently into the examinee’s atten-
tion and awareness. However, it is neither nec-
essary nor desirable to attempt to verify some 
memory of past behavior by soliciting the de-
tails. Having endorsed the DLC topic, examin-
ees have already acknowledged some memory, 
whether vague or explicit, of some past behav-
ior or incident that is consistent with the DLC 
topic. 

In this example DLC dialog, you can observe 
the use of IPT in that subtle emphasis is giv-
en to the word exactly. The overt content of 
the communication conveys that the exam-
inee should not provide the details regarding 
the behavior and statements at the time, oth-
er persons involved, context or situation, and 
motivation. However, IPT makes use of the fact 
that people generally know what serious faults, 
transgressions, and shameful or embarrass-
ing details they would prefer never to reveal to 
others – especially strangers, colleagues and 
professionals who may exercise some form of 
judgment. For example, telling a person “it 
is not necessary for you to tell me your most 
personally embarrassing and shameful secret” 
can produce the paradoxical or ironic effect of 
alerting or prompting their working memory 

The use of other DLC topics is also possible 
and DLC topics can sometimes be quite simi-
lar to PLC topics.

• Telling lies to people who loved or 
trusted you.

• Telling lies to a family member or 
friend.

• Telling lies to anyone in a 
position of authority. 

• Telling lies to avoid 
consequences. 

2. Obtain the examinee’s assent and 
endorsement.

What I want you to do is just 
to think carefully about your 
past, your entire lifetime. You, 
like all people must have a lot of 
experiences. Some great, some 
not so great. So now, just tell me 
if you have ever had that type of 
experience. Have you ever done 
that or had that type of situation? 

If the DLC topic is introduced and normalized 
in the correct way – using comfortable words, 
comfortable language, and comfortable plati-
tudes – the examinee will answer YES, or will 
indicate their assent or endorsement in some 
manner. If an examinee does not endorse a 
DLC topic, it is often best to simply discard the 
planned DLC and select an alternative topic. 
It is sometimes useful for field practitioners to 
have a short list of planned DLC topics along 
with another short list of alternative DLC top-
ics to use in the event that an examinee will 
not endorse one or more of the intended DLC 
topics. The following is an example of a list of 
alternative DLC topics.

• Ever making errors or mistakes.

• Violation of traffic laws (may not 
be useful in some cities or locales). 

• Being disloyal to anyone. 

• Engaging in lies or deception.

• Disappointing anyone.

Alternate DLC topics may tend to be even 
more commonplace and simple than planned 
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to some awareness of details that were pre-
viously compartmentalized out of conscious 
awareness. Discussion of this type, using the 
principles of IPT, can prompt an examinee to 
recall important details, can do so in a manner 
that maintains the personal privacy and dig-
nity of the examinee, and is not intrusive into 
personal issues that are outside the scope of 
a required investigation. Moreover, IPT allows 
us to begin to rely on unstated information as 
a basis of response to DLC questions.

4. Instruct the examinee to answer NO. 

It’s important that you to listen 
carefully to this question, and 
make sure you answer NO. Do you 
understand? OK, let’s practice this 
question…

A strategy that is sometimes useful is to in-
struct the examinee to listen carefully or think 
carefully at each stage of the process. This 
must be done skillfully to avoid adopting an 
authoritarian demeanor prior to PDD test data 
acquisition. Done effectively, it can convey im-
portance and increase an examinee’s aware-
ness of the need to listen carefully, and may 
also increase the attention and conscious 
awareness of examinee’s who may have in-
tended on not listening carefully as a form of 
strategic faking. 

As discussed earlier, answering NO to a DLC 
question may be incorrect, but is not, in an 
epistemological sense, an act of deception. In 
other words, the examinee is not attempting to 
deceive the examiner when answering NO as 
instructed. Said differently, a DLC question, 
and the examinee’s responses to a DLC ques-
tion is a procedure. Answering NO to a DLC 
question is incorrect, but is not actually a lie. 
This is in no way problematic, because the 
polygraph does not measure or detect lies per 
se. Polygraph, like other scientific tests, mea-
sures and quantifies responses to test stimuli 
and enable us to make categorical classifica-
tions based on probabilistic inferences and 
correlations. Regardless of this nuance, if the 
examinee refers to a NO answer to a DLC ques-
tion as a lie it will be a convenience to accept 
the examinee’s usage, - perhaps by respond-
ing “exactly like that” - and proceed without 
admonishing or correcting this detail.

5. Review the question and practice the 
answer.

As an adult, did you ever make a 
mistake and then keep a secret or 
tell a lie about it? (NO)

Taking the time to carefully introduce each 
DLC question will ensure that examinees who 
are truthful or innocent, and who wish to co-
operate, are prepared to understand and par-
ticipate correctly in PDD testing. Although it 
may be possible to simply read a DLC ques-
tion and instruct the examinee to answer 
NO in a matter of a few seconds, short-cut-
ting the introduction of DLC questions may 
increase the likelihood of problematic testing 
outcomes, including an unknown increase in 
potential for inconclusive results as well as for 
false-positive or false-negative error. A care-
fully developed understanding of DLC ques-
tions and DLC procedure is among the most 
important ways to maximize the effectiveness 
of the polygraph test. Additionally, beginning 
each DLC similarly (and different from the RQ) 
may help the examinee more quickly recognize 
the question as a one to which they must re-
spond incorrectly. This can be accomplished 
using time bars on DLC questions that differ 
from those of the RQs, and can also be done 
by strategically using phrases such as “did 
you...” or “did you ever...” for RQs and “have 
you ever...” for CQs. 

6. Repeat steps 1-5 separately for each DLC 
question.

Pay careful attention now, because 
we are going to review another 
question similar to this one, but just 
slightly different in focus. 

It may be tempting to review and practice all 
DLC questions together, thereby relieving the 
burden of making a separate introduction, so-
liciting a separate endorsement and providing 
a separate instruction for each DLC. Howev-
er, this is not advisable. The process of intro-
ducing DLC questions should be considered 
equally as important as the topic and content 
of the DLC questions and verbal answers to 
DLC questions. DLC questions themselves are 
unlikely to replace the role and importance of 
the polygraph examiner in assuring that each 
examinee correctly understands the content 
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PDD professionals who fully understand this 
process will execute it in a natural and fluid 
dialog – without explicitly emphasizing or con-
veying the structure and organization. This 
will be the most effective way to encourage 
truthful and innocent persons to cooperate 
authentically during the test. An overly mech-
anized or step-by-step execution can become 
problematic in that it may encourage a simi-
lar step-by-step form of participation and re-
sponse during testing, and this may contribute 
to the appearance of unnatural, inauthentic, 
or feigned behavioral responses during test-
ing. Although persons engaging in deception 
can often be expected to participate in ways 
that are superficially cooperative, the goal of 
the examiner will be to engage the examinee 
in a natural, though planned, dialog that will 
enable truthful and innocent persons to par-
ticipate in a cooperative and natural manner 
during the recording and acquisition of PDD 
test data.

An easily avoidable failure mode can occur 
when an examiner has become bored with the 
process (as if polygraph work could ever be-
come boring) and introduces the DLC ques-
tions while conveying the notion that they 
are not important and therefore deserve little 
time and attention. This is not limited to DLC 
questions, and can occur for all types of PDD 
questions. The caution against professional 
boredom cannot be overstated.

Some truthful and innocent examinees, be-
cause of the stress and acuity of the PDD ex-
amination, can have a heightened sense of 
social vigilance and may take notice of profes-
sional boredom and rote behavior. This may 
inadvertently lead them to conclude that DLC 
questions are not important. Competent ex-
pert PDD professionals will remain interest-
ed in their work, including each exam, each 
examinee, each step in the process and each 
question. For this reason, as discussed above, 
we consider it best practice to introduce and 
review each DLC question individually, care-
fully attending to the objectives of the DLC 
process at each stage. The end goal of the ex-
aminer will be to engage the examinee in at-
tending to each of the DLC questions.

An important aspect of effective interviewing is 
the rapport or connection between persons. It 
is important to keep the dialogue and discus-

and the importance of the DLC questions. 
Taking the time to carefully (lather, rinse and 
repeat) introduce each DLC topic and question 
will provide an opportunity for an examiner to 
convey the importance of these questions, in 
the same way that carefully reviewing the RQs 
will ensure that examinees with understand 
and respond correctly to the topic or target of 
the investigation. 

7. Further explain the need for these 
questions.

The reason I will ask you these 
questions is this: I want to see 
what your body does when you 
answer these questions. I want to 
know that your body is capable 
of reacting correctly when you lie 
to those other questions. I want 
to know that you will react. If you 
your body doesn’t react to those 
questions, you could possibly lie to 
the questions about the (relevant 
issue) and remain un-noticed, and 
that would be a problem. Now, if 
for some reason your body cannot 
react correctly to these questions, 
then that could be a problem for 
you because you are going to have 
an inconclusive test. If you are 
telling the truth today then you 
do not want an inconclusive test, 
because that is not a passed test. 
If you are telling the truth about 
(relevant issue) then I want you 
to have the best results possible. 
So, I want to observe and record 
what happens and how you react 
when you answer these questions 
incorrectly. So, listen carefully 
to each of these questions, and 
answer just the way we have 
discussed and practiced. It is not 
necessary to make your body do 
anything. Just make sure that you 
listen carefully to every question 
and answer ‘NO’ just the way we 
have discussed. Whether you are 
telling the truth or lying your body 
will do what it is supposed to do. 
Do you understand? 
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sion natural and fluid throughout the intro-
duction of the DLC questions – and through-
out the pretest interview. Examiners should 
strive to avoid a rigidly scripted presentation 
that can easily telegraph the fact that one is 
interviewing-on-autopilot. Interviewers who 
talk past, to, at or above others will be at risk 
for misinterpreting superficial compliance for 
rapport and will inevitably be less effective at 
than those who talk and listen with others.

Summary and discussion

We have provided a discussion of both PLC 
and DLC questions, along with a parallel pro-
cess outline for the two types of CQs. We have 
also briefly discussed the analytic theory of 
the PDD test, and a number of psychological 
discussions that can be applicable to both PLC 
and DLC questions. In addition, we introduce 
Ironic Process Theory as it applies to the PDD 
test and the introduction of DLC questions. 
Both PLC and DLC questions require skill, 
training and some experience. 

It is likely that both PLC and DLC questions 
will continue to be used in polygraph field 
practice, long into the future. However, DLC 
questions are easier to learn and easier to stan-
dardize because they are less dependent on 
individual personality or examiner subjectivity 
as variables that may influence their effective 
use. DLCs have been used in field polygraph 
examinations for almost 60 years. Numerous 
studies have shown the effectiveness of DLC 
questions in different languages and cultures 
involving almost two dozen researchers and 
scientists, including both laboratory and field 
studies, and involving everything from mul-
tiple issue screening topics to the most seri-
ous crimes in society. PLC questions, though 
well established in both polygraph research 
and field practice, will ultimately have great-
er vulnerability to potential problems such as 
stomping-the-CQs wherein a test may be load-
ed for truthful outcomes by over-discussion 
or over-emphasis on PLC content.  Addition-
ally, they may be vulnerable to criticisms of 
soft-selling PLCs wherein a test may be loaded 
to produce deceptive results, especially when 
an examiner uses the polygraph only as a pro 
forma for interrogation and only briefly dis-
cusses the PLC questions. DLC questions, be-
cause they are less dependent upon the influ-

ence of personality and persona on the tactical 
aspects of psychosocial manipulation, appear 
to offer greater potential for standardization 
– and there are favorable reports from poly-
graph field practitioners who make use of au-
tomation in both the pretest introduction and 
in-test presentation of DLC questions. 

Although not discussed at great length, IPT 
may also be helpful to understanding the psy-
chological basis of PLC questions, as well as 
to understanding other known phenomena 
during PDD interviewing and testing.  Exam-
ples include why the discussion of breathing 
activity may contribute to increased prob-
lems with respiration data (Goodson et al., 
2014) and why innocent persons who attempt 
countermeasure may increase their chanc-
es of producing test data that is interpreted 
as indicative of deception (Handler, Honts & 
Goodson, 2015; Nelson, 2015; NRC, 2003). IPT 
may also provide a mechanism for increased 
understanding of the responses of deceptive 
persons when answering relevant questions 
during PDD testing, but that is beyond the 
scope of this manuscript and may be a topic 
for another publication. 

IPT is a simple theory with potentially simple 
mechanisms for usage in the PDD context, 
with practical application to DLC questions. 
We showed a series of sample dialogues for 
the process of introducing DLC questions us-
ing IPT, and provided explanations and ratio-
nale for effective usage along with points of  
caution about potential misunderstanding and  
misuse. These examples, and the related dis-
cussion and information are not intended to 
be taken as dogma, and should not be inter-
preted as intended to convey the only correct 
way to make effective use of DLC questions. 
There are, without doubt, other ways to intro-
duce both DLC and PLC questions. Also, al-
though it is sometimes necessary and helpful 
to discuss flaws in our applied theories and 
hypotheses as these become known, we do not, 
at this time, suggest that IPT or any theory is  
superior to other viable theories as applied to 
the PDD testing context. There are, without 
doubt, a variety of psychological theories that 
can be applied to PDD testing. It is our view 
that IPT is compatible with other operation-
al theories such as mental-effort and goal-at-
tainment, and that it can be useful to field 
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practitioners to add another layer of interest-
ing discussion to our present understanding 
of both DLC and PLC questions. 

The CQT remains the most commonly used 
form of polygraph technique for both diag-
nostic and screening polygraphs. Part of the 
reason for the prevalence of this is that CQT 
formats are easily amenable to numerical and 
statistical analysis methods that have served 
to make the polygraph test more objective and 
make polygraph test results more reliable and 
reproducible. Despite decades of use in both 
research and field practice, some confusion 
persists around both PLC and DLC field prac-
tices. The most obvious point of confusion is 
whether the polygraph records, measures, or 
detects lies per se; it does not. Another point 
of confusion and discussion has been the psy-
chological basis of responses to RQs and CQs. 
It is our hope that discussion of DLC question, 
and this introduction to IPT, will be of some 
value. 

All scientific tests are intended to quantify 

some phenomena of interest that cannot be 

subject to perfect deterministic observation 

or direct physical measurement. All scientif-

ic tests make use of proxy information that 

is correlated with those phenomena of inter-

est, though not of itself the phenomena. Sci-

entific tests are not expected to be infallible, 

and are only expected to quantify the level of 

confidence, margin of uncertainty, or strength 

of information in support of a conclusion or 

test result. Amenability of the polygraph test 

to reliable forms of analysis is, in large part, 

a function of the PLC and DLC questions. It 

is our hope that this manuscript may help 

to fill a gap in published information that re-

flects contemporary knowledge and contempo-

rary PDD field practice with the CQT and DLC 

questions. 
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Paper Motivation and Context

In 2018 and 2019, the Department of Defense, 
under the Office of the Director of National In-
telligence (ODNI), collaborated with their In-
telligence Advanced Research Projects Activity 
(IARPA) program sought  out novel methods 
to measure the performance of current and 
future credibility assessment techniques and 
technologies (eg Polygraph Examinations, 
Voice Stress Analysis, Ocular Methods, etc.).  
ODNI IARPA, in collaboration with Johns Hop-
kins University Applied Physics Laboratory, 
Booz Allen Hamilton and HEROx (a crowd-
sourcing firm) issued an open innovation in 
2019 called Credibility Assessment Standard-
ized Evaluation (CASE) Challenge. The CASE 
challenge was open to researchers and scien-
tists around the world providing the opportu-
nity for individuals and teams to earn prizes by 
creating and/or proposing methods that can 
further the research into the validity of cred-
ibility techniques. Subsequent to the close of 
the challenge, HEROx and IARPA announced 
twenty-seven (27) solutions were submitted 
from the invitation. After a competitive evalu-
ation, three (3) champions were selected. This 
paper describes one of the selected techniques 
called Cognitive And Mobility Room (SCAMR). 
SCAMR is a theoretical concept and should be 
viewed within this paper in the context of a 
proposed solution.  

Solution Abstract

The validity assessment methodologies are a 
problematic aspect of Credibility Assessment 

Techniques (CATs). The psychodynamics are 
challenging in analogue studies (those that 
employ a mock crime paradigm) as they may 
or may not duplicate emotions or autonomic 
arousal in field studies; or simply easily fol-
lowed or replicated.1,5 The Solver (Dr. Joseph 
R Stainback IV) for this submission propos-
es a mental and physical adventure gaming 
approach within a well-constructed Escape 
Room concept that is deployed commercial-
ly.3,4 At the same time, elements of Red Team-
ing (good-bad guy scenarios), psychological 
clinical testing, and Synthetic Training En-
vironments (STE) will be applied.2 The name 
of this proposed concept is Strategic Cogni-
tive And Mobility Room (SCAMR). SCAMR is a 
comprehensive method of testing (MoT) CATs. 
The use of SCAMR will standardize and vali-
date all current and proposed CATs by intro-
ducing physical adventure scenarios in which 
participants solve a series of puzzles, riddles, 
and/or clues. Participants employ teamwork, 
problem solving skills, and strategy to com-
plete a predefined, real-life scenario.  SCAMR 
will be advertised as an Escape Room concept 
with a win/lose component of play. A real-life 
theme is introduced that includes cognitive 
challenges such as solving problems, making 
decisions, etc., for a prescribed objective or 
set of objectives. Complex choices are intro-
duced throughout the scenarios to encourage 
(or force) deceptive decisions. The credibility 
assessment component of the SCAMR concept 
will be introduced throughout the scenarios, 
but most likely at the end.  

Index Terms – Credibility Assessments, Lie De-
tection, Polygraph Testing, Voice Stress Anal-
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ysis, Ocular Methods for Deception, IARPA, 
CASE Challenge, HeroX,  

Solution Validity

The proposed SCAMR solution increases va-
lidity in testing CATs. The Solver theorizes 
that participants will be more willing to par-
ticipate and possess motivation, jeopardy, and 
emotional arousal within an Escape Room 
scenario. This is especially important with 
the changing demographics of younger par-
ticipants who are dedicated problem-solvers 
from video gaming and other computer-based 
challenges. Operational validity from this pro-
posed solution will be confirmed by emulating 
Escape Room commercial game play which 
attracts willing participants who are mental-
ly and physically capable of performing while 
removing error-prone factors of previous CAT 
studies (eg lack of jeopardy).3,4,5,6  

Solution Background

The Solver of this proposed solution believes 
a CAT will only be achieved through a struc-
tured process to induce fear of telling a lie; 
e.g., “a person’s fears, anxieties, and appre-
hensions are channeled toward the situation 
which holds greatest immediate threat to one’s 
self-preservation or general well-being”.7,8 The 
basic assumption of the proposed SCAMR 
MoT is therefore based on the premise that 
all proposed, current, and future CATs work 
only if there is a process to induce fear (phys-
iological response) of telling a lie. As such, a 
proposed MoT should preserve elements of 
“ground truth,” jeopardy, motivation, and au-
tonomic arousal from the testing of psycholog-
ical responses to stress by questioning when 
there is a need to determine the ground truth 
of a situation. The Solver evaluated historical 
MoTs while reflecting on their own experience 
in polygraph training, Escape Room events, 
participation in military Red-Blue teaming 
scenarios, and scenarios based psychological 
testing to derive the SCAMR solution. It has 
been shown that decision making within in-
tense gaming can induce autonomic respons-
es.9 Thus, if a CAT is administered within a 
gaming scenario, a well-designed solution 
like SCAMR can be used as a valid tool to test 
CATs.

Solution Design and Methodology

The steps for implementing this SCAMR MoT 
solution are explained in the following sec-
tions: Set-up and Alpha-Testing, Beta-Test-
ing, Clinical Tests, Structured Experimen-
tal Design, and CAT Testing and SCAMR as 
a MoT Model Standard. The descriptions of 
these sections will be subject to change after 
an Institutional Review Board (IRB) review. 
The Solver of this submission is an indepen-
dent research scientist. As a result, an IRB 
review will be required from an institution 
willing to review and approve this project.10 
The Solver is affiliated with the University of 
Tennessee and Texas A&M University, both of 
which have IRBs. Furthermore, experimenta-
tion using COTs are subject to state laws (e.g., 
consent agreements) and general guidelines 
by the American Polygraph Association. These 
laws and guidelines will be factored into the 
IRB process. This process could take up to 3 
months to complete.  

Set-up and Alpha-Testing: SCAMR will re-
quire a small, dedicated facility or a set of 
offices. These offices will be configured to 
have video cameras (open and unobtrusive) 
fed to an adjacent “control-room” to capture 
the events (e.g., ground truth). Once a facili-
ty is acquired, an intense physical adventure 
scenario, emulating Escape Room concepts, 
STEs, and Red Teaming will be developed 
around the constraints of the acquired space. 
Initially, only one scenario developed as the 
quality of the scenario is critical to the success 
of the SCAMR MoT solution. A team of Sub-
ject Matter Experts (SME) will be recruited as 
consultants to develop the scenario and CAT 
testing points. These SMEs will come from the 
fields of Red Teaming (military), Polygraph or 
other CAT (e.g., Converus Eye-Detect) Testing, 
STEs, Experimental Psychology, and Escape 
Room Commercial Business and leadership 
training. The consultants will be paid a fixed 
fee stipend. White Team monitors, assistants, 
project coordinator (Solver), and Red Team 
participants will be selected among the SMEs 
during the Alpha-Testing only. White Team 
monitors are necessary to monitor videos, ref-
eree engagements, ensure participant safety, 
judge activities, resolve issues, and handle 
participant requests. Once the scenario is 
drafted, the SMEs will Alpha-Test and “act-
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out” the scenario making note of all necessary 
facility modifications to make the scenario 
realistic. CATs will be simulated during the 
Alpha-Test. The work of the SMEs ends after 
the Alpha-Test of the scenario. Upon comple-
tion of the Alpha-Test, minor facility modifica-
tions of décor, furniture, and specialized fix-
tures may be necessary. Minor modifications 
to the offices may include reconfiguration of 
the doors, rooms, and entryways. The cost 
of this phase should be minor to the overall 
budget. Modifications and associated costs of 
the technologies can be throttled back by the 
injection of equipment associated with STEs. 
(e.g., Augmented Reality, 3D Simulators, etc.). 
However, SCAMR is intended to include most-
ly human-to-human interactions to invoke 
jeopardy, motivation, and autonomic arousal. 
Therefore, the use of STE technologies will be 
considered but not used as the primary driver 
of this solution.      

Beta-Testing: Once the facility modifications 
are complete, a Beta-Test with a targeted set of 
participants (human subjects) will be required. 
One or two paid assistants will be necessary 
to assist the Solver in the Beta-Testing phase 
(coordination and White Team). The assistants 
can be acquired through a temporary employ-
ment agency. The participants can be recruit-
ed through advertising on a college campus or 
an internet-based advertising platform such 
as Craigslist. Participants will be persuaded 
by advertising as an Escape Room like expe-
rience. Upon recommendations from the SME 
team and the Alpha-Test results, CATs will be-
come part of the Beta-Test. For the Beta-Test, 
standard Polygraph testing CATs will be uti-
lized first with at least two (2) examiners avail-
able to perform a Polygraph test. The poly-
graph examiners will be paid at their normal 
examination rate. The Beta-Test participants 
will be provided with a typical clinical testing 
remuneration. After the Beta-Test. the partic-
ipants will be interviewed to determine future 
changes to the scenarios and/or the facility. 
The scenarios will be repeated as necessary 
with the same or different participants to re-
fine scenario and facility modifications.

Clinical Testing: After Beta-Testing and facility 
modifications, the SCAMR MoT will be ready 
for clinical testing. Similar to Beta-Testing, 
the set of participants for the clinical testing 
can be recruited through advertising with-

in an internet-based advertising platform 
such as Craigslist. To avoid population bias, 
the Solver does not recommend recruitment 
on a college campus for the clinical testing. 
Participants will be persuaded again by ad-
vertising as an Escape Room-like experience. 
Depending on the IRB conditions relative to 
informed consent and the details of the sce-
nario developed by the SMEs, each participant 
will be minimally informed to protect ground 
truth and/or the development of ground truth 
during the scenarios. For the first clinical test, 
like Beta-Testing, standard Polygraph testing 
of CATs will be utilized with at least two (2) 
examiners available to perform a Polygraph 
test. The Polygraph Examiners will be paid at 
their normal examination rate. The Beta-Test 
participants will be provided a typical clinical 
testing remuneration. The clinical test will be 
repeated as necessary with different partic-
ipants depending on the structured experi-
mental design.  

Strawman Initial Scenario: The following sce-
nario is an example that helps explain SCAMR 
MoT. It, therefore, does not reflect inputs from 
SMEs. It is discussed here to improve the ex-
planation of the SCAMR process model. Emu-
lating an Escape Room theme, “Espionage,” is 
chosen for this strawman. Under ‘Espionage’, 
four (4) participants (human subjects) will be 
recruited from the public by advertising as de-
scribed in the Alpha- and Beta-Testing phases. 
As shown in FIGURE 1, all participants will 
be briefed on the scenario and given confi-
dential information relative to their goals in 
Room A, the “Scenario Briefing Room.” Their 
goals are to solve problems/riddles/puzzles/
codes (enigmas) to gain access (escape) from 
room to room to an ultimate prize. As with Es-
cape Room commercial concepts, doors open 
between rooms when the enigmas are solved. 
There will be two monetary prizes, one small 
and one large. To arouse greed, only one par-
ticipant (Red Participant) is told to go after 
both prizes and can choose to collaborate with 
anyone but must share the prize if they collab-
orate. Knowledge is power in the scenario and 
is intended to be used by the participants to de-
ceive each other out of greed. The participants 
will be divided into two (2) groups of two (2) 
and instructed to go to their respective rooms 
(Team A to Room B and Team B to Room C). 
Each group will compete for the prize, but they 
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must work together in Room D after solving 
enigmas within their respective rooms. Each 
team holds separate information from their re-
spective rooms in order to escape from Room 
D to Room E. The Red Participant may create 
a way to go to their competitor team’s room to 
acquire information (espionage) for their own 
need to win the entire prize. Room F holds 
enigma-protected encasements for both prizes 
whereby the most knowledgeable person can 
‘open’ the encasement to obtain one or both 
monetary prizes. The result depends on the 
knowledge and or deception used during the 
scenario. CATs deployed in Rooms F and G 
will be used to test the deceptive choices of the 
winners and losers. Scenarios are expected to 
be three (3) to four (4) hours in length.    

Structured Experimental Design: Likely, the 
experimentation will follow a factorial (e.g., 2 
x 3) mixed design. The between-subjects inde-
pendent variables will be of two levels: known 
ground truth (verified by video) and decep-
tion ‘acts.’ These variables will be incremental 
through the scenarios depending on the levels 
and number of CAT interviews. Importantly, 
the SMEs should define and ‘evoke’ a specif-
ic ‘deception’ act during the scenario.11 The 
deception act will need psychological elements 
of regret, fear, guilt, remorse, etc. The partici-
pants will be polygraph tested on these specific 
acts of deception. Although ground truth will 
be absolute and verified through video or sce-
nario design, testing of innocent participants 
may be necessary in order to prevent suspi-
cion by the deceptive participant. The number 
of recommended scenarios can be throttled by 
the number of CATs required during a given 
scenario, however the number of scenarios 
should be sufficient for the experimental de-
sign statistical evaluation. The Solver expects 
an intense literature review of previous clini-
cal testing of CATs in parallel with the budget 
constraints to ultimately determine the num-
ber of clinical tests.   

CAT Testing and SCAMR as a MoT Model 
Standard: The initial testing of the proposed 
MoT will use the polygraph as the CAT. The 
Solver recommends this CAT initially because 
the Polygraph test is the current standard 

for measuring deception. After steady state 
clinical testing using this SCAMR MoT, sub-
sequent MoTs can use any current CAT (e.g., 
Converus Eye-Detect, Voice Stress, etc.). More 
data collection (scenario testing) in a standard 
model results in a decrease of data variance. 
The Solver recommends involvement with the 
APA and associated experts in the field of CAT 
to “certify” the MoT model. Comparing CATs 
using SCAMR as a ‘routine’ MoT will be ex-
tremely interesting and beneficial to the credi-
bility assessment community.

Replicability

SCAMR parallels Escape Room commercial 
concepts that have already been proven to be 
replicable. Using commercial Escape Room 
concepts, business proprietors have demon-
strated replicability through the training of 
their employees and the standardization of 
their physical set-ups (the Solver acquired 
this information by participating in an Escape 
Room event). The SCAMR MoT model will be 
designed in the same manner with physical 
set-ups and White Team training. It will, how-
ever, also include written procedures, written 
scripts, and checklists. The Solver has experi-
ence in Red Teaming whereby replication was 
achieved by these methods.

Generalization 

SCAMR can be generalized to any CAT as it 
is the outcome activity of the proposed solu-
tion. Under this solution, the act of testing 
participants using a CAT is independent of the 
mechanics of the scenario. The connection be-
tween the scenario and the CAT ensures ac-
tivation of the body’s sympathetic branch of 
the autonomic nervous system. This result 
occurs through competition to achieve a mon-
etary prize while elements of greed, deception, 
and withholding of information evokes jeopar-
dy, motivation, and autonomic arousal during 
questioning.

Ground Truth

Ground truth within the SCAMR scenarios is 
‘preserved’ by scripting, the White Team, and 
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hidden video (unobtrusive) recordings. Par-
ticipants will be tested on their greed, decep-
tion, and withholding of information to win the 
monetary prize of the scenario. In the ‘Espi-
onage’ strawman example, one or more par-
ticipants will be encouraged to deceive their 
‘peers’ for individual achievement. The meth-
od of deception will be recorded on video with-
in the SCAMR (Escape Room) environment. 
In essence, this solution is a controlled and 
closed analogue study whereby ground truth 
and deception to ground truth is observed 
continuously.

Psychological Realism

The psychological realism of SCAMR capital-
izes on current attitudes toward game play 
and the desire to win, mirroring the popular-
ity of Escape Room concepts. The Solver the-
orizes that participants will be more willing to 
participate and possess motivation, jeopar-
dy, and emotional arousal within an Escape 
Room scenario. These responses are especially 
pertinent with the changing demographics of 
younger participants (personally meaningful) 
who are dedicated problem-solvers from video 
gaming and other computer-based challenges. 
The incentive of money as a “prize” differen-
tiates SCAMR from ER, thus increasing the 
motivation to perform deceptive acts (conse-
quences) to win.  

Practicality

SCAMR is practical in that it parallels an ex-
isting commercial gaming concept, Escape 
Rooms. These parallels are scenario devel-
opment, moderation (White Team), solving of 
enigmas, entering of rooms based on solved 
enigmas, and winning. Additional features will 
increase interest, making it more practical for 
implementation. Such features are STE (Aug-
mented Reality), Red Teaming, elements of-
deception, team play (competition), monetary 
incentives, and enhanced jeopardy 

Procedure

Written scripts will be developed for the sce-
narios to proceduralize each event. The sce-
nario designs will have flexibility to encourage 
creativity by the participants (eg to be decep-
tive during the scenarios) while keeping a gen-
eral standardization. Proceduralized ground 

rules will be necessary for the safety of all 
participants.  The credible and non-creditable 
participants will be distinguished between 
each other within the closed and controlled 
analogue room environment. 

Motivation

By design, the researcher is hands-off with-
in the SCAMR scenario. The Scenario Briefing 
(description, rules, individual instructions, 
and incentives) is provided at the beginning of 
‘play.’ The participants choose their path as 
guided by solving enigmas as well as the de-
sire to win money and defeat their competi-
tors. The assumption is that SCAMR will work 
like Escape Room concepts and that partici-
pants will increase their chances of winning 
by deceiving others through the suggestions 
and scripting from the moderators. This as-
sumption is sound given the success of Es-
cape Room concepts and the theory of chang-
ing demographics of younger participants.  

Enhanced Realism

The enhanced realism of SCAMR centers 
around the theory that participants are more 
willing to participate and possess motivation, 
jeopardy, and emotional arousal within an 
Escape Room scenario given its commercial 
success and especially with the changing de-
mographics of younger participants who are 
dedicated problem-solvers from video gaming 
and other computer-based challenges.3,4,5,6

Technology

Experts in Synthetic Training Environment 
(STE) used in the military will be integral in 
making suggestions to technologically en-
hance SCAMR as a state-of-the-art MoT. How-
ever, increased technology is not central to 
the SCAMR solution. SCAMR scenarios are 
intended to encourage human-to-human in-
teractions to invoke jeopardy, motivation, and 
autonomic arousal. Therefore, the use of STE 
technologies will be considered but not made 
into the primary driver of the solution.  

Objective Measurement

This solution is a controlled and closed ana-
logue study whereby ground truth and decep-
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tion to ground truth is observed continuously 
by unobtrusive video. The testing rooms will 
be configured to have open-live video camera 
feeds in an adjacent “control-room” to capture 
the events. Ground truth is also preserved by 
scripting and White Team monitoring.  

Beneficence

The experience and lessons learned from ex-
isting Escape Room enterprises will be utilized 
to ensure SCAMR staff and participant safety. 
Upon completion of the Alpha- and Beta-Test-
ing, the rooms/facility will be reviewed for oc-
cupational safety and health considerations. 
During the Scenario Briefing (beginning) stage 
of the scenario, safety factors will be reviewed 
with the participants. In addition, White Team 
monitoring during the scenarios is intended to 
ensure that safety is always maintained. The 
SCAMR concept will adhere to the philosophy 
of “do no harm” while completing the scenar-
ios.12

Respect for persons

The premise of SCAMR is to emulate Escape 
Room methodologies in that autonomy, cour-
tesy, and respect during scenario play are cen-
tral to motivating customers. After the Scenar-
io Briefing, participants will be on their own 
to ‘play’ the game and will have the power to 
make their own decisions (Figure 1). Continu-
ous monitoring by the White Team will ensure 
safety, respect for others, and that the integ-
rity of the scenario is maintained. The Institu-
tional Review Board (IRB) and state laws will 
define the appropriate informed consent for 
each participant.  

Justice

The participant selection for SCAMR will fol-
low Ethical Principles and Guidelines for the 
Protection of Human Subjects of Research.10,12 
Thus, they will be unbiased and neutral. Thor-
ough explanations of the scenario(s) includ-
ing elements of CAT methodologies, targeted 
deception, solving of enigmas, and physical 
activities (moving from room to room) will be 
made clear to the participants. IRB approval 
conditions and state law will govern these fac-
tors of justice as appropriate.

  Investment

SCAMR will require an investment into both 
the initial set-up (Alpha-, Beta-, and initial 
clinical testing) and the sustaining of testing 
additional CATs. Investments identified in this 
solution include, but are not limited to, facil-
ity leasing, facility modifications, minor facil-
ity modifications, décor, fixtures, furniture, 
specialized fixtures, administrative staffing 
including the White Team, CAT examiners to 
support CAT testing, nominal payments to par-
ticipants, and monetary prizes  for the winners 
These costs should not be insurmountable as 
observed through participation in commercial 
Escape Room activities.

Figure 1 SCAMR Process
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Multinomial Cutscores for Bayesian Analysis 

with ESS and Three-Position Scores of Comparison Question Polygraph Tests

Raymond Nelson

Abstract

Multinomial reference distributions calculated under the analytic theory of the 
comparison question test and are available for both Empirical Scoring System and the 
Federal three-position scores. They are then used as a likelihood function for Bayes-
ian analysis of the posterior strength of information for deception and truth-telling. 
Bayesian classification of comparison question test data is accomplished by using 
Bayes theorem, along with the test data, prior information and a statistical likelihood 
function, to calculate a posterior likelihood of deception or truth-telling and then 
quantifying the expected variability of the test data as a Bayesian credible interval. 
A classification of deception or truth-telling is supported when the strength of the 
1-alpha lower-limit of a coverage interval has exceeded the strength of the prior in-
formation for deception or truth-telling. Field polygraph practitioners traditionally 
work with comparison question test data in the form of point scores and cutscores. 
Multinomial cutscores are the minimum scores for which strength of the posterior 
information exceeds the prior information with the uncertainty or expected variation 
reduced to the alpha tolerance level. However, until this time published multinomial 
cutscores have been available only the equal prior condition and only for the symmet-
rical alpha scheme of a = .05, .05 for deception and truth-telling. This project involved 
the tabular calculation of multinomial cutscores for the Empirical Scoring System 
and Federal three-position scoring methods for all permutations of alpha levels at .01, 
.05, and .10 for truth-telling and deception using a distribution of prior odds from 
one in 10 for truth-telling and deception. These cutscore tables permit polygraph field 
practitioners to make use of the advantages of Bayesian analysis while relying on the 
practical intuition of scores and cutscores, and without the need for the recalculation 
of Bayes theorem or Bayesian credible intervals. Multinomial cutscore tables are pro-
vided in appendices.  

Introduction

Multinomial reference distributions were cal-
culated for comparison question polygraphs 
(Nelson 2017; 2018), including event-specific 
diagnostic exams and multiple-issue screen-
ing polygraph with two, three and four, rele-
vant questions using the Empirical Scoring 
System (ESS/ESS-M; Nelson, Krapohl & Han-
dler 2007; Nelson et. al., 2011) and the U.S. 
Federal three-position scores (Department of 
Defense, 2006). The multinomial distributions 
were calculated under the null-hypothesis to 

the analytic theory of the comparison question 
test (CQT), which holds that greater changes 
in physiological activity are loaded at different 
types of test stimuli as a function of deception 
or truth-telling in response to relevant target 
stimuli (Nelson, 2016). 

This analytic theory is premised on a more 
foundational hypothesis that some predictable 
changes in physiology are correlated with de-
ception and truth-telling and can be recorded 
and quantified for probabilistic inference and 
classification. As a practical matter, human 
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physiology and psychology and sufficiently 
noisy that data from a single sensor or sig-
nal, and single presentation of the test stimu-
li, provides weak and insufficient information. 
Instead, an array of sensors, each contribut-
ing unique diagnostic variation or informa-
tion, and systematic repetition of test stimuli, 
are necessary achieve a satisfactory level of 
statistical power and signal discrimination.  

Multinomial Distributions.

ESS and three-position scores of CQT data 
are multinomial because each score can take 
one of three values – indicating that a change 
in physiological activity in response to a rel-
evant question (RQ)  is either greater than, 
less than, or indiscernible from the change in 
physiological activity in response to a compar-
ison question (CQ). Multinomial distributions 
can be calculated using combinatoric math 
(Abramowitz & Stegun, 1972; Chen & Koh, 
1992). CQT formats consist of and array of 
three or four sensors, include two to four RQs, 
in a question sequence that is repeated three 
to five times. A single sensor can produce a 
large number of combinations of scores: from 
3^6 = 729 for three iterations of two RQs, to 
3^20 = 3,486,784,401 for five iterations of 
four RQs. For each CQT format there is a fi-
nite number of combinations of multinomial 
scores and a finite number of ways to achieve 
each possible sensor score. 

A multinomial distribution can be determined 
for the sensor scores by dividing the number 
of ways to achieve each sensor score by the 
number of possible combinations. Calcula-
tion of the exact number of ways to – the most 
complicated part – can be calculated using 
combinatoric math and multinomial coeffi-
cients (Riordan, 2002/1958). It is also possi-
ble, and simpler, to simulate the multinomial 
distribution using Monte Carlo methods. Nel-
son (2017) shows the results of both methods. 

Multinomial distributions for sensor scores 
can also be combined or permuted to calcu-
late a multinomial distribution for subtotal 
and grand total CQT scores. Again, this can be 
accomplished through combinatoric math or 
via simulation. Nelson (2017, 2018a) provided 

exact calculations of the multinomial distribu-
tions for CQT scores. Regardless of whether 
obtain through exact combinatoric calculation 
or via simulation, multinomial distributions 
are useful as a likelihood function for Bayes-
ian analysis of the change in the strength of 
posterior information in support of deception 
or truth-telling. 

Bayesian Analysis

Bayesian analysis is the use of Bayes’ theo-
rem to analyze data and estimate an unknown 
parameter or unknown quantity of interest 
(Bayes & Price, 1756; Berger, 1985, 2006a; 
Bernardo & Smith, 1994; Box & Tiao, 1973; 
Casella, 1985; Downey, 2012, Efron, 1986; 
Gelman et al., 2014; Gill, 2007; Laplace, 1812; 
Lee, 2004; Rubin, Gelman, Carlin & Stern, 
2003; Stone, 2013; Western & Simon, 1994; 
Winkler, 1972). In the context of the CQT the 
unknown quantity or parameter is the likeli-
hood of deception or truth-telling. It is not pos-
sible to detect or quantify deception or truth 
per se because these are not physical quanti-
ties. However, Bayesian analysis permits the 
application of Bayesian probability – the de-
gree of belief, based on analysis and objective 
information, in some knowledge or conclusion 
– to the constructs of deception and truth-tell-
ing. Bayesian analysis makes use of observed 
test data, along with prior probability infor-
mation and a statistical likelihood function, 
to calculate a posterior probability. Bayesian 
analysis can also be used to calculate a Bayes 
Factor (Berger, 2006b, Jeffreys, 1939/1961; 
Kaas & Raftery, 1993; Morey & Rouder, 2011), 
which is the magnitude of change in the pos-
terior strength of information. Bayes Factor is 
advantageous because it is a robust statistic 
– the magnitude of change in the strength of 
posterior information will be the same regard-
less of the prior value. 

Bayesian Classifier for ESS-M and 
Three-position Scores.

Bayesian analysis of CQT data involves the 
use of Bayes’ theorem, along with the observed 
test data, prior information and likelihood 
function, to calculate a posterior conditional 
likelihood, expressed as an odds, of decep-
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tion or truth-telling. The posterior conditional 
odds can be thought of as a description of the 
strength of the test result or degree of belief 
that can be attributed. Use of the odds to ex-
press posterior probabilities is advantageous 
because it permits the discussion of probabil-
ities using whole numbers and also explicates 
that all probabilities are a comparison of the 
strength of some possibility compared to the 
strength of some other possibility. The pos-
terior value from Bayes’ theorem can also be 
thought of as a Bayes Factor when the poste-
rior odds are calculated under the equal prior. 

After calculation of the posterior odds or 
Bayes Factor, the expected variation in test 
data – if it were possible to conduct the same 
examination repeatedly under the same cir-
cumstances – is quantified in the form of a 
Bayesian credible interval, analogous to a 
frequentist confidence interval, using the  
Clopper-Pearson method (Clopper & Pearson, 
1934; Nelson, 2018b). This method is advan-
tageous for the CQT because the resulting 
upper and lower probability boundaries never 
result in mathematically absurd values (i.e., 
never exceeding the 0 and 1  limits of the uni-
form probability distribution), and the result-
ing coverage area is known to always exceed 
the 1-alpha nominal value. A classification of 
deception or truth-telling is supported when 
the strength of the 1-alpha lower-limit of a 
Bayesian credible interval has exceeded the 
strength of the prior information for deception 
or truth-telling.

Point Scores and Cutscores.

Field polygraph practitioners have traditional-
ly relied on numerical point scores and numer-
ical cutscores as an expedient method of clas-
sifying and interpreting CQT data. Although 
traditionally little emphasis was placed on the 
relationship between point scores and proba-
bilities, the availability of both empirical and 
multinomial reference tables has increased 
the accessibility and intuition for discussion of 
this information in field practice during recent 
years. When using the multinomial distribu-
tions for ESS and three-position scores, nu-
merical cutscores can be selected as the min-
imum (absolute) score for which the strength 

of the lower limit of the 1-alpha Bayesian cred-
ible interval exceeds the strength of the prior 
information. Numerical scores that equal or 
exceed the numerical cutscore can be said to 
increase the strength of information indicative 
of deception or truth-telling, at the 1-alpha 
level, relative to the prior information. 

Until this time, published multinomial cut-
scores have been available only for the equal 
prior condition and only for the symmetrical 
alpha scheme of a = .05/.05 for deception and 
truth-telling. This project involved the tabular 
calculation of multinomial cutscores for the 
ESS-M and three-position scoring methods 
for all permutations of alpha levels at .01, .05, 
and .10 for truth-telling and deception using 
a distribution of prior odds from one in 10 for 
truth-telling to one in 10 for deception. Appen-
dices A, B, C and D show the cutscore tables. 
To reduce the number of tables to the mini-
mum possible, all tables were calculated us-
ing the simplified ESS-M solution described by 
Nelson and Rider (2018) as shown by Nelson, 
Handler, Coffee, Prado and Blalock (2019). Ap-
pendix A shows the tabular calculation of mul-
tinomial cutscores for ESS scores of event-spe-
cific diagnostic exams. Appendix B shows the 
multinomial cutscores for ESS scores of mul-
tiple-issue screening polygraphs. Appendices 
C and D show the multinomial cutscores for 
three-position scores of event-specific diag-
nostic polygraphs and multiple-issue screen-
ing polygraphs, respectively. 

Careful inspection of these appendices will 
shows cutscores that may be at first counter-
intuitive; cutscores are selected so that pos-
terior information is strengthened, relative 
to the prior information, at the 1-alpha level, 
with the result that under some strong prior 
conditions cutscores may increase for both 
deceptive and truthful classifications. Also, 
information contained in subtotal scores will 
be of insufficient statistical power to provide 
posterior information at the 1-alpha level un-
der some strong prior conditions.

Summary and Conclusion. 

Analysis of CQT test data is conceptually sim-
ilar to the analysis of other scientific test data, 
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and consists of four main functions or oper-
ations. These include feature extraction, nu-
merical transformation and data reduction, 
calculation of a statistical classifier using of 
some form of likelihood function, and inter-
pretation of the meaning of the numerical in-
formation. 

These operations are often reduced to simple 
procedures that can be executed with little 
awareness of or attention to the underlying 
processes – and often with imprecise bound-
aries between the operations. For example, 
feature extraction can be accomplished si-
multaneously when the feature of interest is 
a measurement. In a narrower sense, feature 
extraction is the identification of useful or 
meaningful changes in physiological activity 
in response to test items. Numerical transfor-
mation, in practical terms, is the assignment 
of numerical point scores to responses ob-
served in recorded CQT data. Data reduction 
can involve a variety of mathematical trans-
formations. However, when working with point 
scores, data reduction can be a simple matter 
of addition of subtotal and grand total scores. 
The simplest form of likelihood function is a 
numerical cutscore for which we expect the 
rate of misclassification error or precision to 
achieve certain desired levels, based on empir-
ical and theoretical evidence. Another simple 
form of likelihood function can be observed in 
the form of empirically derived test sensitivity, 
specificity and error rates. Statistical equa-
tions are another form of likelihood function. 
The purpose of any likelihood function is to 
calculate a coherent and reproducible like-
lihood value for the observed data. Interpre-
tation, in its simplest form, is the parsing of 
analytic results into categorical conclusions 
such as statistically significant and not sta-

tistically significant, or positive and negative. 

Interpretation of CQT data, in terms of decep-
tion and truth-telling, will involve a number of 
scientific, philosophical and ethical complex-
ities. These can include: the need to under-
stand the use of probabilistic inference where 
direct physical measurement is not possible; 
epistemological questions of precisely what 
precisely is truth and deception – and what 
does it mean to test, measure and quantify 
these; the need for professional accountability 
when making conclusions that may influence 
the human rights or future of other persons; 
and other concerns. A well-developed and sat-
isfactory system of test data analysis will ad-
dress and manage these concerns by enabling 
professionals to achieve reproducible analyt-
ic conclusions that are correctly anchored in 
scientific and probabilistic knowledge. Ideally, 
a test data analysis system will lead to dis-
cussions of analytic conclusions that are both 
scientifically coherent and practically useful.

Polygraph professionals have long ago tran-
sitioned away from the interpretation of CQT 
results using terms such as deceptive, as 
this can encourage unrealistic expectations 
for deterministic perfection or infallibility. In 
common usage among polygraph field prac-
titioners today are the terms deception indi-
cated and significant reactions which more 
reasonably convey that test results are, of 
themselves, neither a physical substance nor 
a physical action, but can be interpreted as 
a probabilistic indicator when they are sta-
tistically significant. With the understanding 
that all scientific test results are probabilis-
tic, a common question for may will be this: 
what is the strength of the probabilistic infor-

Table 1. Multinomial Cutscores for equal prior and alpha = .05 and .05 for truth-telling and deception.

Table 1. shows the multinomial cutscores for ESS and three position scores under the 
equal prior with alpha is .05 for both truth-telling and deception. Notice that three-position 
multinomial cutscores for multiple issue exams are similar to to ESS-M cutscores as a result 
of blunted precision when using integer values.
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mation for deception or truth-telling? Another 
version of the same question is this: what can 
be reasonably said about the strength of the 
analytic conclusion? It is here that Bayesian 
decision-making offers a practical and intui-
tive advantage over the practice of significance 
testing –  referred to as null-hypothesis signif-
icance testing (NHST; Fisher, 1934; Neyman & 
Pearson, 1928; 1933; Pernet, 2015).  

Statistical values using the NHST paradigm – 
p-values and alpha levels – refer only to strength 
of evidence for a null-hypothesis (which can be 
rejected in favor of the alternative hypothesis if 
sufficiently weak). This nuance important be-
cause there is often a problematic impulse to 
misuse the statistical values themselves as an 
indication of effect-size or strength of the an-
alytic conclusion. Most importantly, a p-value 
– intended to reject a null hypothesis –  is not 
an estimate of the strength of the effect size 
for either the hypothesis or null-hypothesis. 
Attempts to portray a p-value as an estimate 
of effect size are an example of a logical fallacy 
known as argument from ignorance, in which 
the absence of information is misinterpreted 
as a form of proof. Another important consid-
eration is that, in the NHST paradigm, results 
are significant, and categorical conclusions 
are possible, only at the stated alpha level. It 
is possible that some conclusions that are sig-
nificant at alpha = .05 may not be statistically 
significant at alpha = .01. 

In contrast, Bayesian statistical values can be 
interpreted as referring to the strength of in-
formation in direct support of a hypothesis or 
conclusion. An important consideration here 
is that, although Bayesian probabilities can 
be interpreted as referring to the hypothesis 
or conclusion – in the CQT context this is a 
probability or odds of deception or truth-tell-
ing – Bayesian probabilities are conditional 
probabilities. That is, the Bayesian posterior 
probability can be thought of a test likelihood 
statistic conditioned on the prior information 
(or the prior information conditioned on the 
test likelihood statistic). It is possible that cat-
egorical conclusions may change if the pos-
terior conditional probability were calculated 
with different prior information. 

Both NHST and Bayesian analysis assume 

that available test data are an imperfect rep-
resentation of an unknown parameter of in-
terest and are subject to sampling variation 
or measurement error. NHST estimates the ex-
pected variability from the available data and 
the sample size using statistical confidence in-
tervals. Bayesian analysis assumes that avail-
able data are all the information that is pres-
ently available to support a conclusion, and 
also employs procedures to estimate expected 
variation in test data. Bayesian analysis dif-
ferentiates the nuanced meaning of these es-
timations from the frequentist paradigm by 
using the term credible interval to describe the 
1-alpha coverage area for expected variation. 
In practical terms, this means that multino-
mial cutscores for Bayesian analysis of CQT 
data are function of both the prior information 
and the required alpha level for statistical sig-
nificance.

Use of numerical cutscores serves as a practi-
cal convenience that relieves field practitioners 
of the odious burden of mathematical and sta-
tistical calculations. Multinomial cutscores 
will permit field practitioners to make classifi-
cations of deception and truth-telling with the 
knowledge that the lower limit of the 1-alpha 
credible interval will exceed the prior informa-
tion all point scores that exceed a numerical 
cutscore. In practical terms this can be inter-
preted as the 1-alpha level at the data have 
strengthened the information in support of a 
deceptive or truthful conclusion. This can also 
be thought of as the 1-alpha level at which a 
test is indicative of deception or truth-telling. 
Also, the 1-alpha level that another test, under 
the same conditions, will give a similar result. 
Or, the 1-alpha proportion of repeated tests, 
under the same conditions, that would give 
similar results. 

Determination of multinomial cutscores for 
ESS and three-position scores  requires the 
calculation of both Bayes theorem and the 
Clopper-Pearson interval for the distribution 
of possible scores. Effectively, this results in 
the calculation of a unique reference table for 
every alpha and prior scheme. These calcula-
tions can be accomplished manually, though 
the process is tedious, and can also be ac-
complished quickly, easily and accurately us-
ing any desktop or laptop microcomputer. It 
is also possible to complete all calculations in 
a controlled environment and make the infor-
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mation available in tabular reference format 
– which is the purpose of this project.

The multinomial cutscore tables, shown in 
Appendices A-D, can be a useful convenience 
to field practitioners and program managers 
who want visual and tactile access to cutscore 
information without the need for either manu-
al calculations or the experience of a black-box 
calculations that may provide one solution at 
a time. Tabular information are of such great 
convenience that computer algorithms and 
digital calculators will sometimes make use 
of tables as an alternative to the repetition of 
complex mathematical and logical operations. 
Published cutscore tables also provide addi-
tional advantages; they can facilitate training 

in the use of manual analytic procedures that 
will strengthen understanding and intuition 
for the analytic process. Also, tables can be 
used in circumstances in which computers are 
not available to complete the required calcula-
tions. It is hoped that these multinomial cut-
score tables can be useful to field practitioners 
and program managers who desire more visu-
al and intuitive access to the distribution of 
numerical cutscores and their relationship to 
various alpha boundaries and prior informa-
tion. Multinomial cutscores will permits field 
practitioners to make classifications of decep-
tion and truth-telling with the knowledge that 
the lower limit of the 1-alpha credible interval 
will exceed the prior information for all point 
scores that exceed a multinomial cutscore.
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Appendix A: Multinomial Cutscores for ESS Scores of Single Issue Exams
Appendix A: Multinomial Cutscores for ESS Scores of Single Issue Exams 

 
 

ESS-M Scores / Event-Specific Exam 

  Alpha (truth/deception) 

Prior odds of 
deception 

prior 
probability .01/.01 .01/.05 .01/.10 .05/.01 .05/.05 .05/.10 .10/.01 .10/.05 .10/.10 

9 to 1 (9 in 10) .90 +14 / -9 (none) +14 / -6 (none) +14 / -4 (-21) +13 / -9 (none) +13 / -6 (none) +13 / -4 (-21) +13 / -9 (none) +13 / -6 (none) +13 / -4 (-21) 

8 to 1 (8 in 9) .89 +13 / -8 (none) +13 / -5 (none) +13 / -4 (-20) +13 / -8 (none) +13 / -5 (none) +13 / -4 (-20) +12 / -8 (none) +12 / -5 (none) +12 / -4 (-20) 

7 to 1 (7 in 8) .88 +13 / -7 (none) +13 / -5 (-22) +13 / -4 (-18) +12 / -7 (none) +12 / -5 (-22) +13 / -4 (-18) +12 / -7 (none) +12 / -5 (-22) +12 / -4 (-18) 

6 to 1 (6 in 7) .86 +12 / -7 (none) +12 / -4 (-20) +12 / -4 (-16) +11 / -7 (none) +11 / -4 (-20) +11 / -4 (-16) +11 / -7 (none) +11 / -4 (-20) +11 / -4 (-16) 

5 to 1 (5 in 6) .83 +11 / -6 (none) +11 / -4 (-17) +11 / -3 (-15) +10 / -6 (none) +10 / -4 (-17) +10 / -3 (-15) +10 / -6 (none) +10 / -4 (-17) +10 / -3 (-15) 

4 to 1 (4 in 5) .80 +10 / -5 (-21) +10 / -4 (-15) +10 / -3 (-14) +10 / -5 (-21) +10 / -4 (-15) +10 / -3 (-14) +9 / -5 (-21) +9 / -4 (-15) +9 / -3 (-14) 

3 to 1 (3 in 4) .75 +9 / -5 (-16) +9 / -3 (-13) +9 / -3 (-12) +8 / -5 (-16) +8 / -3 (-13) +8 / -3 (-12) +8 / -5 (-16) +8 / -3 (-13) +8 / -3 (-12) 

2 to 1 (2 in 3) .67 +7 / -4 (-13) +7 / -3 (-11) +7 / -2 (-10) +6 / -4 (-13) +6 / -3 (-11) +6 / -2 (-10 +6 / -4 (-13) +6 / -3 (-11) +6 / -2 (-10) 

1 to 1 (1 in 2) .50 +4 / -4 (-9) +4 / -3 (-7) +4 / -2 (-6) +3 / -4 (-9) +3 / - 3 (-7) +3 / -2 (-6) +2 / -4 (-9) +2 / -3 (-7) +2 / -2 (-6) 

1 to 2 (1 in 3) .33 +4 / -7 (-11) +4 / -6 (-9) +4 / -6 (-8) +3 / -7 (-11) +3 / -6 (-9) +3 / -6 (-8) +2 / -7 (-11) +2 / -6 (-9) +2 / -6 (-8) 

1 to 3 (1 in 4) .25 +5 / -9 (-11) +5 / -8 (-9) +5 / -8 (-8) +3 / -9 (-11) +3 / -8 (-9) +3 / -8 (-8) +3 / -9 (-11) +3 / -8 (-9) +3 / -8 (-8) 

1 to 4 (1 in 5) .20 +5 / -10 (-12) +5 / -10 (-10) +5 / -9 (-9) +4 / -10 (-12) +4 / -10 (-10) +4 / -9 (-9) +3 / -10 (-12) +3 / -10 (-10) +3 / -9 (-9) 

1 to 5 (1 in 6) .17 +6 / -11 (-12) +6 / -10 (-10) +6 / -10 (-10) +4 / -11 (-12) +4 / -10 (-10) +4 / -10 (-10) +3 / -11 (-12) +3 / -10 (-10) +3 / -10 (-10) 

1 to 6 (1 in 7) .14 +7 / -12 (-13) +7 / -11 (-11) +7 / -11 (-10) +4 / -12 (-13) +4 / -11 (-11) +4 / -11 (-10) +4 / -12 (-13) +4 / -11 (-11) +4 / -11 (-10) 

1 to 7 (1 in 8) .13 +7 / -12 (-13) +7 / -12 (-11) +7 / -11 (-10) +5 / -12 (-13) +5 / -12 (-11) +5 / -11 (-10) +4 / -12 (-13) +4 / -12 (-11) +4 / -11 (-10) 

1 to 8 (1 in 9) .11 +8 / -13 (-13) +7 / -13 (-11) +8 / -12 (-10) +5 / -13 (-13) +5 / -13 (-11) +5 / -12 (-10) +4 / -13 (-13) +4 / -13 (-11) +4 / -12 (-10) 

1 to 9 (1 in 10) .10 +9 / -14 (-13) +9 / -13 (-12) +9 / -13 (-11) +6 / -14 (-13) +6 / -13 (-12) +6 / -13 (-11) +4 / -14 (-13) +4 / -13 (-12) +4 / -13 (-11) 

Parenthesis indicate the use of a statistical correction for multiplicity effects. 
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Appendix B: Multinomial Cutscores for ESS Scores of Multiple Issue Exams 
 
ESS-M Scores / Multiple Issue Exam 

  Alpha (truth/deception) 

Prior odds of 
deception 

prior 
probability .01/.01 .01/.05 .01/.10 .05/.01 .05/.05 .05/.10 .10/.01 .10/.05 .10/.10 

9 to 1 (9 in 10) .90 (+8) / none (+8) / none (+8) / -9 (+7) / none (+7) / none (+7) / -9 (+7) / none (+7) / none (+7) / -9 

8 to 1 (8 in 9) .89 (+7) / none (+7) / none (+7) / -6 (+7) / none (+7) / none (+7) / -6 (+7) / none (+7) / none (+7) / -6 

7 to 1 (7 in 8) .88 (+7) / none (+7) / -10 (+7) / -6 (+7) / none (+7) / -10 (+7) / -6 (+7) / none (+7) / -10 (+7) / -6 

6 to 1 (6 in 7) .86 (+7) / none (+7) / -8 (+7) / -5 (+6) / none (+6) / -8 (+6) / -4 (+6) / none (+6) / -8 (+6) / -5 

5 to 1 (5 in 6) .83 (+6) / -14 (+6) / -5 (+6) / -4 (+6) / -14 (+6) / -5 (+6) / -4 (+6) / -14 (+6) / -5 (+6) / -4 

4 to 1 (4 in 5) .80 (+6) / -9 (+6) / -5 (+6) / -4 (+5) / -9 (+5) / -5 (+5) / -4 (+5) / -9 (+5) / -5 (+5) / -4 

3 to 1 (3 in 4) .75 (+5) / -6 (+5) / -4 (+5) / -3 (+5) / -6 (+5) / -4 (+5) / -3 (+4) / -6 (+4) / -4 (+4) / -3 

2 to 1 (2 in 3) .67 (+4) / -5 (+4) / -3 (+4) / -3 (+3) / -5 (+3) / -3 (+3) / -3 (+3) / -5 (+3) / -3 (+3) / -3 

1 to 1 (1 in 2) .50 (+2) / -4 (+2) / -3 (+2) / -2 (+1) / -4 (+1) / -3 (+1) / -2 (+1) / -4 (+1) / -3 (+1) / -2 

1 to 2 (1 in 3) .33 (+1) / -6 (+1) / -5 (+1) / -4 (0) / -6 (0) / -5 (0) / -4 (0) / -6 (0) / -5 (0) / -4 

1 to 3 (1 in 4) .25 (0) / -7 (0) / -6 (0) / -6 (0) / -7 (0) / -6 (0) / -6 (0) / -7 (0) / -6 (0) / -6 

1 to 4 (1 in 5) .20 (+1) / -7 (0) / -7 (0) / -6 (0) / -7 (0) / -7 (0) / -6 (0) / -7 (0) / -7 (0) / -6 

1 to 5 (1 in 6) .17 (+4) / -8 (+4) / -7 (+4) / -7 (0) / -8 (0) / -7 (0) / -7 (0) / -8 (0) / -7 (0) / -7 

1 to 6 (1 in 7) .14 (none) / -8 (none) / -8 (none) / -7 (0) / -8 (0) / -8 (0) / -7 (0) / -8 (0) / -8 (0) / -7 

1 to 7 (1 in 8) .13 (none) / -9 (none) / -8 (none) / -8 (0) / -9 (0) / -8 (0) / -8 (0) / -9 (0) / -8 (0) / -8 

1 to 8 (1 in 9) .11 (none) / -9 (none) / -8 (none) / -8 (none) / -9 (none) / -8 (none) / -8 (0) / -9 (0) / -8 (0) / -8 

1 to 9 (1 in 10) .10 (none) / -9 (none) / -9 (none) / -8 (none) / -9 (none) / -9 (none) / -8 (0) / -9 (0) / -9 (0) / -8 

Parenthesis indicate the use of a statistical correction for multiplicity effects. 
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3-Position Scores / Event-Specific Exam 

  Alpha (truth/deception) 

Prior odds of 
deception 

prior 
probability .01/.01 .01/.05 .01/.10 .05/.01 .05/.05 .05/.10 .10/.01 .10/.05 .10/.10 

9 to 1 (9 in 10) .90 +11 / -8 (none) +11 / -5 (none) +11 / -4 (none) +10 / -8 (none) +10 / -5 (none) +10 / -4 (none) +10 / -8 (none) +10 / -5 (none) +10 / -4 (none) 

8 to 1 (8 in 9) .89 +10 / -8 (none) +10 / -5 (none) +10 / -4 (none) +10 / -8 (none) +10 / -5 (none) +10 / -4 (none) +9 / -8 (none) +9 / -5 (none) +9 / -4 (none) 

7 to 1 (7 in 8) .88 +10 / -7 (none) +10 / -4 (none) +10 / -4 (-17) +9 / -7 (none) +9 / -4 (none) +9 / -4 (-17) +9 / -7 (none) +9 / -4 (none) +9 / -4 (-17) 

6 to 1 (6 in 7) .86 +10 / -6 (none) +10 / -4 (none) +10 / -3 (-14) +9 / -6 (none) +9 / -4 (none) +9 / -3 (-14) +9 / -6 (none) +9 / -4 (none) +9 / -3 (-14) 

5 to 1 (5 in 6) .83 +9 / -5 (none ) +9 / -4 (-15) +9 / -3 (-12) +8 / -5 (none) +8 / -4 (-15) +8 / -3 (-12) +8 / -5 (none) +8 / -4 (-15) +8 / -3 (-12) 

4 to 1 (4 in 5) .80 +8 / -5 (none) +8 / -3 (-13) +8 / -3 (-11) +8 / -5 (none) +8 / -3 (-13) +8 / -3 (-11) +7 / -5 (none) +7 / -3 (-13) +7 / -3 (-11) 

3 to 1 (3 in 4) .75 +7 / -4 (-14) +7 / -3 (-11) +7 / -2 (-10) +7 / -4 (-14) +7 / -3 (-11) +7 / -2 (-10) +6 / -4 (-14) +6 / -3 (-11) +6 / -2 (-10) 

2 to 1 (2 in 3) .67 +6 / -3 (-11) +6 / -3 (-9) +6 / -2 (-8) +5 / -3 (-11) +5 / -3 (-9) +5 / -2 (-8) +5 / -3 (-11) +5 / -3 (-9) +5 / -2 (-8) 

1 to 1 (1 in 2) .50 +3 / -3 (-8) +3 / -2 (-6) +3 / -2 (-5) +2 / -3 (-8) +2 / -2 (-6) +2 / -2 (-5) +2 / -3 (-8) +2 / -2 (-6) +2 / -2 (-5) 

1 to 2 (1 in 3) .33 +3 / -6 (-9) +3 / -5 (-7) +3 / -5 (-6) +3 / -6 (-9) +3/ -5 (-7) +3 / -5 (-6) +2 / -6 (-9) +2 / -5 (-7) +2 / -5 (-6) 

1 to 3 (1 in 4) .25 +4 / -7 (-9) +4 / -7 (-8) +4 / -6 (-7) +3 / -7 (-9) +3 / -7 (-8) +3 / -6 (-7) +2 / -7 (-9) +2 / -7 (-8) +2 / -6 (-7) 

1 to 4 (1 in 5) .20 +5 / -8 (-10) +5 / -8 (-8) +5 / -7 (-7) +3 / -8 (-10) +3 / -8 (-8) +3 / -7 (-7) +3 / -8 (-10) +3 / -8 (-8) +3 / -7 (-7) 

1 to 5 (1 in 6) .17 +5 / -9 (-10) +5 / -8 (-9) +5 / -8 (-8) +4 / -9 (-10) +4 / -8 (-9) +4 / -8 (-8) +3 / -9 (-10) +3 / -8 (-9) +3 / -8 (-8) 

1 to 6 (1 in 7) .14 +6 / -10 (-10) +6 / -9 (-9) +6 / -9 (-8) +4 / -10 (-10) +4 / -9 (-9) +4 / -9 (-8) +3 / -10 (-10) +3 / -9 (-9) +3 / -9 (-8) 

1 to 7 (1 in 8) .13 +6 / -10 (-10) +6 / -9 (-9) +6 / -9 (-8) +4 / -10 (-10) +4 / -9 (-9) +4 / -9 (-8) +3 / -10 (-10) +3 / -9 (-9) +3 / -9 (-8) 

1 to 8 (1 in 9) .11 +8 / -10 (-11) +8 / -10 (-9) +8 / -9 (-8) +5 / -10 (-11) +5 / -10 (-9) +5 / -9 (-8) +4 / -10 (-11) +4 / -10 (-9) +4 / -9 (-8) 

1 to 9 (1 in 10) .10 +8 / -11 (-11) +8 / -10 (-9) +8 / -10 (-9) +5 / -11 (-11) +5 / -10 (-9) +5 / -10 (-9) +4 / -11 (-11) +4 / -10 (-9) +4 / -10 (-9) 

Parenthesis indicate the use of a statistical correction for multiplicity effects. 
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3-Position Scores / Multiple Issue Exam 

  Alpha (truth / deception) 

Prior odds of 
deception 

prior 
probability .01/.01 .01/.05 .01/.10 .05/.01 .05/.05 .05/.10 .10/.01 .10/.05 .10/.10 

9 to 1 (9 in 10) .90 (+6) / none (+6) / none (+6) / none (+6) / none (+6) / none (+6) / none (+6) / none (+6) / none (+6) / none 

8 to 1 (8 in 9) .89 (+6) / none (+6) / none (+6) / -10 (+6) / none (+6) / none (+6) / -10 (+5) / none (+5) / none (+5) / -10 

7 to 1 (7 in 8) .88 (+6) / none (+6) / none (+6) / -7 (+5) / none (+5) / none (+5) / -7 (+5) / none (+5) / none (+5) / -7 

6 to 1 (6 in 7) .86 (+5) / none (+5) / -10 (+5) / -5 (+5) / none (+5) / -10 (+5) / -5 (+5) / none (+5) / -10 (+5) / -5 

5 to 1 (5 in 6) .83 (+5) / none (+5) / -5 (+5) / -4 (+5) / none (+5) / -5 (+5) / -4 (+5) / none (+5) / -5 (+5) / -4 

4 to 1 (4 in 5) .80 (+5) / none (+5) / -4 (+5) / -3 (+4) / none (+4) / -4 (+4) / -3 (+4) / none (+4) / -4 (+4) / -3 

3 to 1 (3 in 4) .75 (+4) / -7 (+4) / -4 (+4) / -3 (+4) / -7 (+4) / -4 (+4) / -3 (+4) / -7 (+4) / -4 (+4) / -3 

2 to 1 (2 in 3) .67 (+3) / -4 (+3) / -3 (+3) / -2 (+3) / -4 (+3) / -3 (+3) / -2 (+3) / -4 (+3) / -3 (+3) / -2 

1 to 1 (1 in 2) .50 (+1) / -3 (+1) / -3 (+1) / -2 (+1) / -3 (+1) / -3 (+1) / -2 (+1) / -3 (+1) / -3 (+1) / -2 

1 to 2 (1 in 3) .33 (+1) / -5 (+1) / -4 (+1) / -4 (0) / -5 (0) / -4 (0) / -4 (0) / -5 (0) / -4 (0) / -4 

1 to 3 (1 in 4) .25 (+1) / -6 (+1) / -5 (+1) / -4 (0) / -6 (0) / -5 (0) / -4 (0) / -6 (0) / -5 (0) / -4 

1 to 4 (1 in 5) .20 (none) / -6 (none) / -5 (none) / -5 (0) / -6 (0) / -5 (0) / -5 (0) / -6 (0) / -5 (0) / -5 

1 to 5 (1 in 6) .17 (none) / -6 (none) / -6 (none) / -5 (0) / -6 (0) / -6 (0) / -5 (0) / -6 (0) / -6 (0) / -5 

1 to 6 (1 in 7) .14 (none) / -7 (none) / -6 (none) / -6 (+2) / -7 (+2) / -6 (+2) / -6 (0) / -7 (0) / -6 (0) / -6 

1 to 7 (1 in 8) .13 (none) / -7 (none) / -6 (none) / -6 (none) / -7 (none) / -6 (none) / -6 (0) / -7 (0) / -6 (0) / -6 

1 to 8 (1 in 9) .11 (none) / -7 (none) / -7 (none) / -6 (none) / -7 (none) / -7 (none) / -6 (+1) / -7 (+1) / -7 (+1) / -6 

1 to 9 (1 in 10) .10 (none) / -7 (none) / -7 (none) / -6 (none) / -7 (none) / -7 (none) / -6 (none) / -7 (none) / -7 (none) / -6 

Parenthesis indicate the use of a statistical correction for multiplicity effects. 
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