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Raymond Nelson1 and Jennifer Rider2 

ESS-M offers improvements and advan-
tages in both its scientific foundations 
and field practice. Use of the ESS-M is 
identical to the ESS, but with different 
cut-scores. Classification accuracy of the 
ESS-M has been found to equal or exceed 
that of the ESS. ESS-M cut-scores have 
been calculated for examinations with 

1  Raymond Nelson is a research specialist with Lafayette Instrument Company. Mr. Nelson is a psychotherapist with and field 
polygraph examiner who has published numerous articles on many aspects of the polygraph test. Mr. Nelson is a past APA 
President, and is currently serving as an elected member of the APA Board of Directors. Mr. Nelson is one of the developers of 
the widely used OSS-3 and ESS scoring algorithms. Development of the ESS-M was made possible by Lafayette Instrument 
Company. The views and opinions expressed herein are those of the authors and not the APA or LIC.

2  Jennifer Rider is the President and CEO of Lafayette Instrument Company, which develops and markets polygraph instrumen-
tation and other technologies for life-science research, and which supported the development of the ESS-M.

three to five repetitions of two to four rel-
evant questions. Table 1 shows simplified 
ESS-M cut-scores when – selected as the 
median of cut-scores for event-specific 
diagnostic and multiple-issue screening 
polygraphs with two to four relevant ques-
tions (RQs) with alpha = .05 for deception 
and truth, using an equal prior probability.

Practical Polygraph: ESS-M Made 
Simple

 
Table 1. ESS-M cut-scores for 3 to 5 presentations simplified* for  2, 3, or 4 RQs† 
 Grand Total  Cut-scores Sub-total Cut-scores 
 Truthful  Deceptive Truthful Deceptive 
Event-specific diagnostic exams +3 -3 - (-7)‡ 
Multiple-issue screening exams - - (+1)† -3 
* Determined as the median of the set of cut-scores for 2, 3 and 4 RQs. 
† Cut-scores are the same with and without the vasomotor sensor. 
‡ Cut-scores in parenthesis are calculated with statistical correction for multiplicity 
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ESS-M Includes the Vasomotor 
(PPG/PLE) Sensor

The original ESS and other most algo-
rithms did not include the vasomotor sen-
sor. ESS-M can  be used with or without 
the vasomotor sensor. ESS-M is a practi-
cal and mathematically sound solution to 
the complex task of validating a statisti-
cal classifier with new or different input/

ESS-M Is a Mathematical
Expression of the Analytic
Theory of the Polygraph

An analytic theory of the polygraph holds 
that greater changes in physiology are 
loaded at different types of test stimuli 
as a function of deception or truth-telling 
in response to the relevant target stimuli. 
The mathematical/theoretical distribution 
of ESS-M scores is multinomial because 
each score can take one of three possible 
values (+, 0, -). The multinomial for ESS 
scores is the distribution of likelihoods for 
all possible combinations of scores for all 
repetitions of all RQs for all recording sen-

sensor data. ESS-M can be easily adapted 
for other new sensors in the future. It is 
an un-planned/un-intended convenience 
that the addition of the vasomotor sensor 
does not change the ESS-M cut-scores. 
A complete set of ESS-M cut-scores is 
shown below, illustrating the similarities 
and differences for exams with two, three, 
or four RQs both with and without the va-
somotor sensor. 

sors.  Multinomial distributions are avail-
able for both ESS scores and for Federal 
3-position scores. These can be obtained 
from (https://www.polygraph.org/refer-
ence-tables).

ESS-M Uses Bayesian Analysis 

Bayesian analysis can be used to calcu-
late the degree of certainty that can be as-
signed to some knowledge or information. 
Whereas frequentist probability theory is 
limited to inferences about observed data, 
Bayesian probability theory uses observed 
data, together with a prior probability and 
statistical likelihood function, to calculate 
a probability value that can be more di-
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ESS-M includes the vasomotor (PPG/PLE) sensor.  
 
The original ESS and other most algorithms did not include the vasomotor sensor. ESS-M can  be used 
with or without the vasomotor sensor. ESS-M is a practical and mathematically sound solution to the 
complex task of validating a statistical classifier with new or different input/sensor data. ESS-M can be 
easily adapted for other new sensors in the future. It is an un-planned/un-intended convenience that the 
addition of the vasomotor sensor does not change the ESS-M cut-scores. A complete set of ESS-M cut-
scores is shown below, illustrating the similarities and differences for exams with two, three, or four 
RQs both with and without the vasomotor sensor.  
 
 

Table 2. ESS-M cut-scores for event-specific diagnostic polygraphs 
 2 RQs 3 RQs 4 RQs 
Respiration, EDA, Cardio +3/-3 (-5)* +3/-3 (-7) +3/-3 (-9) 
Respiration, EDA, Cardio, Vasomotor +3/-3 (-5) +3/-3 (-7) +3/-3 (-9) 
* cut-scores in parenthesis include statistical correction for multiplicity 
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Table 3. ESS-M cut-scores for multiple-issue screening polygraphs (assumed independence) 
 2 RQs 3 RQs 4 RQs 
Respiration, EDA, Cardio (+2)*/-3 (+1)/-3 (+1)/-3 
Respiration, EDA, Cardio, Vasomotor (+1)/-3 (+1)/-3 (+1)/-3 
* cut-scores in parenthesis include statistical correction for multiplicity 

 
 
ESS-M is a mathematical expression of the analytic theory of the polygraph.  
 
An analytic theory of the polygraph holds that greater changes in physiology are loaded at different 
types of test stimuli as a function of deception or truth-telling in response to the relevant target stimuli. 
The mathematical/theoretical distribution of ESS-M scores is multinomial because each score can take 
one of three possible values (+, 0, -). The multinomial for ESS scores is the distribution of likelihoods 
for all possible combinations of scores for all repetitions of all RQs for all recording sensors.  
Multinomial distributions are available for both ESS scores and for Federal 3-position scores. These 
can be obtained from (https://www.polygraph.org/reference-tables).  
 
ESS-M uses Bayesian analysis.  
 
Bayesian analysis can be used to calculate the degree of certainty that can be assigned to some 
knowledge or information. Whereas frequentist probability theory is limited to inferences about 
observed data, Bayesian probability theory uses observed data, together with a prior probability and 
statistical likelihood function, to calculate a probability value that can be more directly and easily 
assigned to unobserved phenomena such as future events or past causes.  
ESS-M Bayesian probabilities are in the form of the “odds of deception” or “odds of truth.”  
 
In contrast, the original ESS relied on frequentist p-values (i.e., probability under a specified model) 
that were used as an estimate of misclassification error. ESS-M results are designed to be a more direct 
and intuitive quantification of the effect size of practical interest to field  examiners – the statistical 
likelihood that the observed test data was caused by an individual who has been deceptive or truthful. 
ESS-M odds can also be easily expressed as a Bayesian probability. 
 
How to use the ESS-M reference tables.  
 
ESS-M reference tables can be used for two purposes. The first use for the ESS-Mreference tables can 
be used to determine the numerical cut-score that is required to achieve a desired level of statistical 
significance (commonly using a=.05). When scoring an exam, the ESS-M reference tables  are used to 
determine the likelihood statistic associated with truthful or deceptive classifications – expressed in 
form of a posterior odds of deception or odds of truth. Use of the ESS-M reference tables can be 
divided into four simple steps: 1) locate the ESS-M reference tables, 2) determine the alpha levels and 
cut-scores, 3) calculate the posterior odds of truth or deception, and 4) interpret the results.  
 
1. Locate the ESS-M reference tables. 
 
 ESS-M reference tables are shown in Appendix A for grand total scores and Appendix B for sub-

total scores. These tables are the median value from the set of reference tables for two, three and 
four RQs. Because the table values are intended only as a likelihood statistic for use with Bayesian 
analysis, it is reasonable to use these tables to simplify the selection and calculation of likelihood 
values for all exams with or without the vasomotor sensor and regardless of the number of RQs. 

https://www.polygraph.org/reference
https://www.polygraph.org/reference
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phenomena such as future events or past 
causes.

ESS-M Bayesian Probabilities 
Are in the Form of the “Odds of 
Deception” or “Odds of Truth.”

In contrast, the original ESS relied on fre-
quentist p-values (i.e., probability under 
a specified model) that were used as an 
estimate of misclassification error. ESS-M 
results are designed to be a more direct 
and intuitive quantification of the effect 
size of practical interest to field  exam-
iners – the statistical likelihood that the 
observed test data was caused by an indi-
vidual who has been deceptive or truthful. 
ESS-M odds can also be easily expressed 
as a Bayesian probability.

How to Use the ESS-M Refer-
ence Tables

ESS-M reference tables can be used for 
two purposes. The first use for the ESS-M 
reference tables can be used to determine 
the numerical cut-score that is required to 
achieve a desired level of statistical sig-
nificance (commonly using a=.05). When 
scoring an exam, the ESS-M reference ta-
bles  are used to determine the likelihood 
statistic associated with truthful or decep-
tive classifications – expressed in form of 
a posterior odds of deception or odds of 
truth. Use of the ESS-M reference tables 
can be divided into four simple steps: 1) 
locate the ESS-M reference tables, 2) de-
termine the alpha levels and cut-scores, 
3) calculate the posterior odds of truth or 
deception, and 4) interpret the results.

1. Locate the ESS-M reference tables.

ESS-M reference tables are shown in Ap-
pendix A for grand total scores and Ap-
pendix B for sub-total scores. These tables 
are the median value from the set of refer-
ence tables for two, three and four RQs. 
Because the table values are intended 
only as a likelihood statistic for use with 
Bayesian analysis, it is reasonable to use 
these tables to simplify the selection and 
calculation of likelihood values for all ex-
ams with or without the vasomotor sensor 
and regardless of the number of RQs. Ex-
aminers who require greater precision in 
the calculation of likelihood statistics are 
referred to other publications in the refer-
ence list. The top portion of  the reference 
tables for grand total and sub-total scores 
are shown in Figures 1, and 2. Columns 
intended for use with event-specific diag-
nostic exams are shaded in yellow, and 
those for use with multiple-issue screen-
ing exams are shaded in orange. 
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Figure 1. ESS-M reference table for grand total scores.

Figure 2. ESS-M reference table for sub-total scores.

2.Determine the alpha boundaries and 
cut-scores.

Locate the smallest lower-limit posterior 
odds (shown in the right-hand column la-
belled oddsLL05) that exceed the value 1 
– which represents the prior odds of truth 
or deception – then locate the cut-score 
in the corresponding row of the left-hand 
column labeled score. Alpha is commonly 
set at .05 and ESS-M cut-scores are deter-
mined using this level for both truth and 
deception. Examiners should be aware of 
any  different alpha requirement for their 
agencies or referring agents. Alpha levels 

may differ for high-value or high-interest 
cases. Tables are shown only for the equal 
prior and only for alpha=.05. Solutions for 
non-equal priors and other priors can be 
calculated with Bayes Theorem and the 
Clopper-Pearson method. The procedure 
to locate the cut-scores is illustrated in 
Figure 3 for grand total scores and in Fig-
ure 4 for sub-total scores.

2.Determine
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s Figure 3. Locate the cut-scores for grand total scores.

Figure 4. Locate the cut-scores for sub-total scores.
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3. Calculate the posterior odds of truth or 
deception.

Use the ESS-M reference tables to calcu-
late the posterior odds of truth or decep-
tion by locating the observed score in the 
left-hand score column, then locate the 
corresponding odds of truth or deception 
in the same row using the odds column. 
Select the ESS-M reference table for grand 
totals when using the grand total to clas-
sify a polygraph test result as truthful or 

deceptive. Figure 5 shows the procedure 
with a grand total score that is indicative 
of truth, and Figure 6, shows the proce-
dure with a grand total that is indicative of 
deception. Figure 7 shows the use of the 
ESS-M reference table for sub-total scores 
to calculate the posterior odds of decep-
tion using the lowest sub-total score with 
statistical correction for multiplicity, when 
the grand total is not statistically signifi-
cant. 

Figure 5. Calculate the posterior odds of truth for a grand total score. 

Figure 6. Calculate the posterior odds of deception for a grand total score.
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s Figure 7. Calculate the odds for a subtotal with statistical correction if the grand total is inconclusive

Figure 8. Calculate the posterior odds of deception for a multiple-issue screening polygraph. 

Select only the ESS-M reference table for 
sub-total scores when using the sub-to-
tals score rule with multiple issue screen-
ing exams. Locate lowest sub-total score 
in the left-hand score column, then locate 
the corresponding odds of truth or decep-

tion in the same row using the odds col-
umn. Figure 8 shows the procedure for a 
deceptive sub-totals score of a multiple 
issue screening exam. Figure 9 shows the 
procedure for a truthful result of a multiple 
issue screening polygraph.
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Figure 9. Calculate the posterior odds of truth for a multiple-issue screening polygraph

4. Interpret the results.

Interpretation of an ESS-M statistical re-
sult is first a matter of the use of struc-
tured decision rules that transform the 
numerical and statistical result into cat-
egorical results that have more obvious 
practical value. A number of decision 
rules are described in publication. Deci-
sion rules  commonly use grand-total rule, 
two-stage rules, sub-total score rule, and 
Federal zone rule. An equally important 
aspect of the interpretation of any scien-
tific test results will be to explain the actu-
al meaning of the test result and how that 
result was derived from the test data. Re-
ported information  should communicate 

information about the theory of the test, 
the operational procedures, along with 
all parameters and assumptions that in-
fluenced the choice of analytic methods. 
Scientific test results should be commu-
nicated in sufficient detail that the use of 
objective information can be easily differ-
entiated from subjective information and 
arbitrary choices. Information should be 
documented with sufficient detail to con-
vey the use of evidence-based practices. 
In this way other professionals can repro-
duce and verify the analytic result with-
out guesswork or misunderstanding as to 
what assumptions and procedures were 
used.  
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