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Abstract

The problem of multiple statistical comparisons is discussed as it applies to the use of subtotal
scores of comparison question polygraph tests. Multiplicity phenomena, including inflation of alpha
when any of a set of multiple subtotal scores are used to make deceptive classifications, and defla-
tion of alpha when all of a set of multiple subtotals are used to make truthful classifications of test
results. Common statistical corrections, including the Bonferroni correction and Sidédk correction
are described. Mathematical examples are provided to illustrate the application of these statistical
corrections to the comparison question polygraph test.
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Introduction

Multiplicity effects, also known as the
problem of multiple comparisons (McDonald,
1996; Miller, 1981), are well known to scien-
tists, researchers, statisticians and other pro-
fessionals whose work involves the evaluation
of data as a basis for classification and infer-
ence. These effects have also been referred to
as the “look elsewhere” effect (White, 2011),
because of the impulse or desire to contin-
ue to look elsewhere when we do not initial-
ly find what we are looking for. In the context
of scientific research and testing, multiplicity
effects, and the impulse to keep looking else-
where until we find what we are looking for,
can be thought of as a manifestation of a con-
firmation bias described by Nickerson (1998).
We ignore results when we are unsatisfied and
continue searching until we find a result with
which we are satisfied.

A card-playing analogy can be useful to
better understand the practical implications:
image a poker player who deals himself a hand
of cards with the goal of doing so repeatedly
until he gets a Royal Flush. Probability theory
tells us that with a sufficient number of trials,
the odds will accumulate to a sufficiently high
level that we are likely to eventually observe its
occurrence. But, assuming a fair and unbiased
deck of cards, it will be a mistake to attempt
to infer that the deck of cards has any spe-
cial characteristics or that the player has any
unique attributes that caused the Royal Flush
to occur. Instead, the occurrence of the Roy-
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al Flush is simply a function of continuing to
look elsewhere (in subsequent hands of cards)
for its occurrence. Similarly, looking repeated-
ly at any scientific dataset can confound our
attempts to make realistic and accurate in-
ferences about significance or meaning when
we eventually observe what we are looking for.
More specifically, multiplicity effects are the
compounding of error probabilities. They can
result in a loss of accuracy or precision and
corresponding increase in classification error.

Discussion

Multiplicity effects play a role in com-
parison question polygraph examinations
when using subtotal scores to classify the re-
sults as deceptive or truthful. Subtotal scores
for individual relevant questions have been
shown to be an effective basis for deceptive
classifications when the grand total score is
inconclusive (Senter, 2002; Senter & Dollins,
2003; 2008). But polygraph techniques that
make use of grand total scores have consis-
tently produced higher accuracy rates than
techniques for which decisions are based sole-
ly on subtotal scores (APA, 2011). Subtotal
scores have been the traditional basis with
which to classify the results of multiple is-
sue screening exams (Department of Defense,
2006a, 2006b) when hand scoring. The grand
total hand scores are not traditionally used in
multiple issue screening tests.

Use of polygraph subtotal scores as a
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basis for statistical classification and infer-
ence will introduce known and predictable
mathematical and statistical increases to the
probability of error unless corrections are ap-
plied. These effects occur because every im-
perfect and non-deterministic test result is a
probabilistic result. There is always some as-
sociated probability that the result is correct
and incorrect. The test error estimate will be
an aggregation of the errors for all probabilis-
tic results used to classify the test result.

Inflation of alpha for deceptive results of
event-specific diagnostic polygraphs.

Use of subtotal scores in event-specific
examinations, for which one classification will
be made at the level of the test as a whole, in-
troduces multiplicity into the statistical model.
It amounts to the practice of making multiple
statistical decisions regarding a single classi-
fication. When making multiple probabilistic
judgements regarding a single target incident
or allegation, for which any deceptive subto-
tal result will result in the classification of the
examination as deceptive, the resulting prob-
ability of error is the cumulative or additive
probabilities of error for all subtotal probabili-
ty scores. In the case of an event-specific diag-
nostic polygraph with three relevant questions
(RQs) and alpha = .05, the total error probabil-
ity can be determined by summing the alpha
levels for all RQs (.05 + .05 + .05 = .15). Cal-
culations indicate a potential for a 15% error
rate even though the test is conducted with al-
pha = .05, with the goal of constraining errors
to a rate less than 5%. This has sometimes
been referred to as the problem of inflated al-
pha because of the predictable increase in test
errors. Left unmanaged, inflated alpha can
result in a false positive error rate that is po-
tentially several times greater than that which
was intended or anticipated. So while the goal
was to constrain false positive errors to 5%,
the practice of using subtotals increased that
false positive error rate to about 15%.

Bonferroni correction.

Fortunately, the problem of inflated
alpha is only mildly vexing and is quite eas-
ily rectified through the use of a simple sta-
tistical correction - the Bonferroni correction
(Abdi, 2007), named for famous Italian stat-
istician Carlo Emilio Bonferroni (1892-1960).
The Bonferroni correction is calculated by di-
viding the desired alpha level by the number
of statistical decisions. The number of statis-
tical decisions is equal to the number of sub-
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total scores which is the same as the number
of RQs. The resulting corrected alpha level is
referred to as the Bonferroni corrected alpha.

For event-specific diagnostic polygraph
with three RQs and a desired alpha of .05 we
divide .05 by three (alpha = .05 / 3 RQs = al-
pha .0167 per RQ). It will be necessary to use
the Bonferroni corrected alpha = .0167 for
each of the three subtotal scores. When these
per question error probabilities accumulate
(.0167 + .0167 + .0167 = .05) the total cumu-
lative margin of error for the test will be alpha
= .05. The error estimate will be constrained
to within the desired range of less than 5%.
Event-specific diagnostic exams with two RQs
will require the use of Bonferroni corrected al-
pha = .025. This is because alpha = .05 / 2
RQs = .025 per RQ, and this will accumulate
to .025 + .025 = .05. Similarly, event-specific
diagnostic exams with four RQs will use Bon-
ferroni corrected alpha = .05 / 4 = .0125 per
RQ, which will accumulate to .0125 + .0125 +
.0125 + .0125 = .05. Because subtotal scores
are not used to make truthful classifications
for event-specific diagnostic exams, no statis-
tical correction is needed for truthful classifi-
cation for these type of exams.

Deflation of alpha for truthful results of multi-
ple-issue screening exams.

Multiple-issue screening exams make
use of subtotal scores for both deceptive and
truthful classifications. This is accomplished
with the “any or all” rubric which states that
any subtotal result that is deceptive will be
sufficient to classify the exam result as de-
ceptive, whereas all subtotal results must
indicate truth-telling in order to classify the
overall exam result as truthful. Results are in-
conclusive whenever one or more of the sub-
total scores are not statistically significant for
truth-telling and none of the subtotal scores is
statistically significant for deception. As with
event-specific diagnostic exams the test error
statistic for a multiple-issue screening poly-
graph is a function of the number of subto-
tal scores (the number of relevant questions).
This phenomena applies to all forms of testing
that involve multiple statistical comparisons.

With event-specific diagnostic exams
all relevant questions describe details relat-
ed to a single allegation or incident. Relevant
questions for multiple-issue screening poly-
graphs will describe different behavioral issues
with a strong assumption of independence.
The independence assumption is not premised
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solely on the use of different action verbs or
semantic content for each relevant question.
It also involves the assumption that an exam-
inee could engage in one or more behaviors
while conceivably remaining completely unin-
volved in other behaviors. (This independence
assumption is not used with event-specific di-
agnostic polygraph for which the all relevant
questions describe aspects of a single allega-
tion or incident.)

The independence assumption is said
to be a strong assumption because, in real-
ity, although the target behaviors might be
assumed to be independent or unaffected by
one another, even though the examinee’s re-
sponses to multiple issue polygraph stimulus
questions are not completely independent. Re-
sponses to different target stimuli can affect
one another within an exam. This is because
all responses to multi-issue screening stimuli
have an important source of shared variance -
the examinee. The fact that responses are not
completely independent appears to be the ba-
sis of the need for the “any or all” rubric and
for traditional prohibitions against attempting
to make both deceptive and truthful classifica-
tions within a single examination. Because the
any or all rubric does not allow both truthful
and deceptive results, it will eliminate the po-
tential to observe both false positive and false
negative errors within a single examination.
Instead, observed testing errors will be in the
form of either false-positive or false-negative
errors, for which we can constrain their occur-
rence to desired levels.

Because the target issues for multi-
ple-issue screening exams are treated inde-
pendently, there is no great concern that we
are subjecting a single target issue to multi-
ple statistical decisions. Screening tests are
intended to identify possible problems that
can be subsequently evaluated in more thor-
ough detail, and test sensitivity is therefore
an important concern. Statistical corrections
are not used when there is a potentially costly
loss of sensitivity that would reduce the test
effectiveness (McDonald, 2009). For these
reasons, Bonferroni correction is not used to
make deceptive classifications for multiple-is-
sue screening polygraphs. Deceptive classifi-
cations of multiple-issue screening polygraphs
are made with the uncorrected alpha bound-

ary.

Multiplicity plays an important role
in truthful classifications for multiple-issue
screening polygraphs, but in a slightly dif-
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ferent way. Truthful classifications are made
when the observed data differ at a statistically
significant level from the statistical reference
distributions for deceptive cases. Alpha for
truthful classifications therefore represents
the tolerance for risk or error that a decep-
tive person may be classified as truthful in a
multiple issue screening test (a false-negative
error). Quite obviously, most deceptive per-
sons can be expected to produce deceptive test
scores, and the proportion of deceptive per-
sons that produce a test question score that
is statistically significant for truth-telling (i.e.,
differs at a statistically significant level from
the normative reference distributions for de-
ceptive cases) is expected to be observed at the
defined alpha level (.05). Perhaps equally obvi-
ous is the fact that the proportion of deceptive
persons that produce two statistically signifi-
cant truthful scores in a test with two relevant
questions will be lower than the proportion of
deceptive persons who produce only one sta-
tistically significant truthful score. Similarly,
the proportion of deceptive persons who pro-
duce three out of three truthful scores, or four
out of four truthful scores, can be expected to
be even lower. This phenomena can be thought
of as the deflation of alpha that occurs as a
result of the requirement that the examinee
pass all questions in order to pass the test.
Deflation of alpha will result in a reduction of
the observed false-negative error rate to some-
thing predictably lower than the established
alpha tolerance for error.

Deflation of alpha will reduce testing
errors for deceptive classifications, but will
also have an effect on truthful classifications.
The requirement that all subtotal scores are
statistically significant for truth-telling will
effectively provide the truthful examinee with
multiple opportunities to not produce a statis-
tically significant truthful score. This is a sim-
ple feature of the fact that all tests are proba-
bilistic and not deterministic, and that proba-
bilities can be cumulative under these circum-
stances. For this reason, the requirement for
statistically significant truthful scores for all
subtotals can be expected to cause a substan-
tial inflation of inconclusive results for truthful
persons, along with a corresponding substan-
tial reduction of test specificity for truth-tell-
ing - unless a statistical correction is used.

Sidak correction.

The preferred statistical correction
for truthful classifications of multiple-issue
screening polygraphs is not the Bonferroni
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correction but is instead a related procedure
called the Siddk correction (Abdi, 2007, Sidak,
1967). The Sidak correction is named for
Zbynék Sidak (1933-1999), a renowned Czech
statistician. It is an exact version of the sim-
ple Bonferroni correction that is better suited
to the context of multiple independent classi-
fications. Calculation of the Sidak correction
is thus: 1-(1-alpha)rumber-ofdecisions  The Sidak
correction is the mathematical compliment of
the compliment of the alpha raised to number
of decisions. As with the previously described
Bonferroni correction, the number of deci-
sions is equal to the number of subtotal scores
which is also equal to the number of relevant
questions.

The normal form of the Sidak correc-
tion is used to calculate the inflation of alpha.
But we are concerned with the deflation of
alpha, so it will be the inverse of the Sidak
correction that is used calculate this deflation.
The inverse of the Sidak correction is calculat-
ed using the following equation: 1-(1-alpha)!/
number-of-decisions - The inverse Sidak is the mathe-
matical compliment of the compliment of the
alpha raised to the inverse of the number of
decisions.

To demonstrate the application of the
Sidak correction to adjust or correct the al-
pha boundary for the number of relevant
questions, consider the following example: a
multiple issue polygraph with 4 relevant ques-
tions for which alpha = .05 will give the fol-
lowing uncorrected, deflated, alpha level: 1-(1-
.05)% = .0127. That means that instead of
constraining false negatives to our desired 5%
we actually constrain them to 1.27%. This will
result in a corresponding increase in incon-
clusive truthful cases. Correcting for this will
involve first calculating the corrected alpha
boundary using the normal form: 1-(1-.05)*
= .1854. Use of the Sidak corrected alpha =
.1854, will give the following: 1-(1-.1854)!/* =
.05. This will preserve the test specificity to
truth-telling for multiple-issue screening poly-
graphs at acceptably high levels, while reduc-
ing the occurrence of inconclusive results for
truthful persons. It will also constrain the oc-
currence of false-negative test errors to rates
that are within the tolerance level expressed
by the alpha = .05 level.

In practice, statistical corrections can
be applied to either the alpha boundary or to
the p-values using either the normal or in-
verse forms. However, correction of p-values
can only be accomplished after conducting
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and scoring an examination, whereas correc-
tion of alpha boundaries can be accomplished
prior to the conduct of an examination. This
is accomplished by using the subtotal score
with a p-value at or below the corrected alpha
as a decision threshold.

Conclusion

All scientific testing is a process of
classification and inference. Classification, in
this case, refers to the formulation of a simple
categorical test result. Inference is the process
of calculating a statistical or probabilistic es-
timate of the likelihood that an error has oc-
curred. In a more abstract sense, the purpose
of scientific testing is to evaluate and quan-
tify an amorphous phenomena that cannot
be subjected to simple and perfect determin-
istic observation or to direct physical/linear
measurement. Deterministic observation re-
quires the existence of some phenomena that
is uniquely and perfectly associated with the
thing we want to evaluate. This would be the-
oretically perfect, and would also obviate the
need for testing. Physical measurement, in
contrast, is near perfect, though still subject
to mechanical measurement error, and would
require two things: 1) a physical substance to
measure, and 2) a well-defined unit of mea-
surement. Scientific tests are inherently prob-
abilistic - they are neither deterministic nor
an actual physical measurement. Scientific
tests are not expected to be perfect. They are
expected to quantify the probabilistic mar-
gin of uncertainty surrounding a conclusion.
Good scientific tests will do this in manner
such that the predicted proportions of testing
errors concurs reasonably with the observed
evidence of testing errors. Multiplicity effects
have a potentially serious impact on the accu-
racy of test error estimates. The use of statis-
tical corrections can be an important part of
the validity and effectiveness of a test method.

Two core ideas underlie all scientific
tests and experiments. The first core idea is
that all scientific conclusions or hypotheses
are relative to some alternative. Professionals
who make scientific conclusions are expect-
ed to articulate the alternatives and to use
probability theory to weigh the evidence. The
second core idea is that all conclusions and
hypotheses must be stated as statistical or
probabilistic hypotheses in order to be quanti-
fiable. Conclusions or hypotheses that cannot
be stated as statistical hypotheses cannot be
measured or tested, and are therefore not sci-
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entific. Unscientific ideas that portend to be
scientific can be said to be pseudoscience.

Related to the need for testable hy-
potheses is the need to make a priori decla-
rations about the tolerance for error and re-
quired alpha level for statistical significance.
Field practitioners generally do not themselves
decide on alpha boundaries or numerical cut-
scores - these are most often a matter of agen-
cy policy and are developed around the needs
specific to the risk management context. Field
practitioners themselves are also not expected
to calculate statistical formulae themselves.
Instead, they commonly use published statis-
tical reference tables for which calculations
have been previously computed for all possible
test results.

If the polygraph test is merely a tool to
amplify or enhance an interrogation or inter-
view, then examiners need not ever account
for or explain the test results. If this were the
case they need not even score the test, and
certainly need not learn about probability
theory and statistical phenomena. Similarly,
polygraph examiners will never be expected to
account for or explain a test result if a confes-
sion is obtained for every deceptive test result
without fail. If the information from the pretest
and posttest discussions are the sole purpose
of the polygraph test then there would be no
need to ever provide a test result. If, however,
there is ever a need to explain a test result or
account for the level of certainty or uncertain-
ty that should be attributed to a test result,
examiners might be obligated to numerically
score and statistically quantify the test result.
Examiners who are unprepared to do this will
be vulnerable to professional embarrassment,
either due to an inability to provide evidence
based computations of the expected test preci-
sion and error rate, or due to frustration when
it is eventually discovered that polygraph re-
sults are probabilistic and imperfect despite a
feigned attitude of certainty.

Examiners who are prepared to ac-
count for test results using the basic princi-
ples and concepts of statistics and probabili-
ty and theory will be better prepared to make
favorable professional impressions while dis-
cussing test results without the sense of inse-
curity that stems from naive expectations for
deterministic perfection from a probabilistic
test. Although there will always be practical
value in in the information that can be ob-
tained from the polygraph pretest and posttest
interviews, test results without realistic com-
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putations of statistical error estimates will, in
the end, be of no real value.

Ultimately, all test scores, including
both grand total and subtotal scores of com-
parison question polygraph tests, will have an
associated probability of error. Probability the-
ory informs us that error rates are predictably
cumulative whenever we attempt to make mul-
tiple statistical comparisons within a single
test or experiment. While mildly concerning,
the predictability of multiplicity phenomena
means that we can also apply the principles
of probability theory to statistically correct for
multiplicity effects - if we understand the prin-
ciples of probability. While very simple calcu-
lations such as the Bonferroni correction can
be easily managed in field settings, field practi-
tioners should be relieved of complex calcula-
tions such as the Sidak correction through the
inclusion of statistically corrected information
in published normative reference tables. Use
of computer algorithms can also accomplish
the application of these statistical corrections
with automated reliability. Although many re-
searchers, statisticians and scientists will pre-
fer to use omnibus statistical methods such as
ANOVA and other methods to simultaneously
test multiple statistical hypothesis without the
introduction of multiplicity effects, Bonferroni
correction and Sidak correction are two clas-
sical solutions to the well know problems of
multiplicity. They are well suited to the analy-
sis and interpretation of comparison question
polygraph test results.
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