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Abstract We previously tested the P300-based Complex

Trial protocol for deception detection against 2 and 4

countered of 4 irrelevant stimuli. The protocol detected

90–100% of these subjects with \10% false positives. We

have also shown that Reaction Time (RT) to the first trial

stimulus is increased (group effect) with countermeasure

use. We also reported a new P900 component associated

with countermeasure use when 2 of 4 irrelevants are

countered. In the present study we report data from 4 new

groups and re-present for comparison previously collected

data to have 7 groups: an innocent control, a guilty group

not using countermeasures, and 5 guilty/countermeasure

groups who counter from 1 to all 5 stimuli presented (4

irrelevants plus a probe). Subjects were detected at rates

varying from 92 to 100% in the 6 guilty groups (n = 12 or

13 per group). There was 1 false positive in 13 innocent

subjects. Additionally, 41 of 60 CM users were identified

with RT as using countermeasures. P900 appeared in the 2

groups using 2 and 3 countermeasures.

Keywords ERP � P300 � Concealed information test �
Deception � Complex trial protocol

Introduction

For almost a century, and with renewed intensity since

September 11, 2001, there have been enormous efforts

expended by governments and universities to develop an

accurate deception test based on sound scientific principles.

Both polygraph protocols using the measurements of

autonomic nervous system activity (the Comparison

Question Test, CQT, and the Concealed Information Test,

CIT, (also called the Guilty Knowledge Test or GKT) have

been alternatively advocated and criticized, as recently

summarized in a long report by the National Research

Council of the National Academy of Sciences, (National

Research Council 2003). The methods in this paper rep-

resent the CIT approach largely preferred by the scientific

community (National Research Council 2003) that has

largely rejected the other (CQT) approach. In the CIT,

many multiple choice questions are put to the subject about

crime details (e.g., ‘‘Which was the murder weapon, was it

(a) the hunting knife? (b) the baseball bat? (c) the rifle?

(d) the pistol?’’). There is only one correct choice (called

the probe), and when it is put to the guilty subject (who

denies the correct choice), the largest physiological

response is expected in comparison to responses to the

other choices (called irrelevants).

Among the problems with polygraphy raised by the

National Research Council report is its potential suscepti-

bility to countermeasures. As stated by Honts et al. (1996,

p. 84), ‘‘Countermeasures are anything that an individual

might do in an effort to defeat or distort a polygraph test.’’

The National Research Council report went on to state that

‘‘Countermeasures pose a serious threat to the performance

of polygraph testing because all the physiological indica-

tors measured by the polygraph can be altered by conscious

efforts through cognitive or physical means’’ (National

Research Council 2003, p. 4). More specifically, counter-

measures are effective against both the polygraphic CQT

(Honts et al. 2001), as well as against the polygraphic CIT,

(Honts et al. 1996; Elaad and Ben-Shakhar 1991; Ben-

Shakhar and Dolev 1996).
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It was hoped and indeed expected that when the P300

Event-Related EEG Potential (ERP) was introduced as the

dependent index of recognition in a CIT (Farwell and

Donchin 1991; Rosenfeld et al. 1988, 1991), the counter-

measure issue would be resolved. The eminent inventor of

the GKT version of the CIT, Lykken (1998, p. 293), sug-

gested about countermeasures to P300 CITs: ‘‘Because

such potentials are derived from brain signals that occur

only a few 100 ms after the GKT alternatives are pre-

sented…it is unlikely that countermeasures could be used

successfully to defeat a GKT derived from the recording of

cerebral signals.’’ (Ben-Shakhar and Elaad 2002 expressed

a similar view.)

Unfortunately, Rosenfeld et al. (2004) and Mertens and

Allen (2008) showed that the original form of the P300-

based CIT was vulnerable to simple countermeasures:

subjects simply learned to make secret responses (e.g., toe

wiggles) to the irrelevant items, converting them into covert

relevant items that evoked P300s indistinguishable from the

probe P300s, thus defeating the test. This prompted our lab

to develop a novel P300 protocol which by design has thus

far resisted previously effective countermeasures (Rosen-

feld et al 2004; Mertens and Allen 2008) in three new

studies (see Rosenfeld et al. 2008; Rosenfeld and Labkov-

sky 2010; Winograd and Rosenfeld 2011).

Indeed the novel complex trial protocol (CTP) has so far

been the only physiologically based deception testing

protocol reported that is resistant to CMs, and additionally,

provides a simple index—reaction time (RT)—of the use

of CMs by subjects. Thus, the test has so far typically

identified recognition of concealed information as well the

attempt by guilty subjects to counter the protocol—which

likely constitutes additional evidence of a subject’s crim-

inal complicity. Moreover, even in the rare cases we

occasionally encounter in which a subject whom we

instruct how best to defeat our CTP succeeds in not

showing the enhanced P300 indicator of guilty knowledge

recognition, his RT index may still give away his attempt at

non-cooperation—useful additional information for

enforcement officials.

In the P300-based CTP, subjects are presented in each

trial with two sequential tasks. The first (and critical) one

involves responding immediately to a first stimulus (S1),

either a probe (crime-relevant or key) or irrelevant stimulus

with a single button press acknowledging perception;

(therefore this R1 response is called the ‘‘I Saw It’’

response). The meaningful and rare probe, but not the

irrelevant stimulus elicits the P300 sign of relevant probe

recognition in a knowledgeable subject. Thus, the key

indicator of guilty knowledge recognition is a larger probe

than irrelevant P300. RT for the ‘‘I saw it’’ response

to irrelevant stimuli being countered will typically be

elevated in subjects taught to counter some or all irrelevant

stimuli, since subjects need to take some moments to recall

which countermeasure (CM) to make, possibly after

recalling which, if not all, irrelevants need countering. In

the CTP, about a second after S1 is presented, an S2 (either

a target—requiring a unique button response—or non-

target) stimulus is presented to maintain the subject’s

attention, which is also controlled with unpredictable,

occasional probe identification tests (see ‘‘Methods’’).

In Rosenfeld et al. (2008) we utilized on each block of

trials one probe and four irrelevant stimuli, shuffled and

presented in random order. Subjects in the CM group were

told to make a different CM for each of the four irrelevant

stimuli. We chose this approach because it seemed to us

then to be the most likely method of beating our new

protocol as it did in the original P300-based CIT in

Rosenfeld et al. (2004). However, one reviewer of the 2008

paper had written, ‘‘the CM manipulation in the current

study might have enhanced the salience of probes because

these were the only stimuli … that did not require the

selection and execution of a specific CM.’’ In other words,

the strategy of countering all irrelevants but not the probe

stimulus might have worked against the aim of beating the

test, since it may have enhanced the probe P300 by adding

extra (task relevant) salience to that afforded by its being

rare and meaningful as a personally relevant item. Indeed

Meixner and Rosenfeld (2010) recently confirmed that

hypothesis, suggesting that a better method of beating our

putatively CM-resistant CTP would have been to counter

fewer than all irrelevant items. As it is important to the

field to have a CM resistant test, the present studies sys-

tematically explore the effects of countering from one to all

(four irrelevants plus the probe) stimuli used in the present

CTP. We are interested in effects on P300 amplitude, as

well as on our RT index of CM use.

We hypothesize about probe P300 that it will be

prominent in groups using one, four, and five CMs, but not

in groups using 2 and 3CMs. This is because P300

amplitude is reduced by simultaneous ongoing, indepen-

dent tasks (Donchin et al. 1986) and it would appear that

when CMs are to be executed to middle (2CM, 3CM)

fractions of irrelevants, the task of discriminating to-be-

countered and other irrelevant stimuli is greatest, since

these groups need to be the most vigilant about whether or

not a CM is required.

Additionally, we recently observed (Rosenfeld and

Labkovsky 2010) that when subjects counter two of four

irrelevants in the CTP, an apparently novel ERP we called

P900 appears in the Cz and Fz, but not Pz, recordings of

ERP responses to probe stimuli and also, occasionally in

ERP responses to irrelevant stimuli which are not coun-

tered. This component was not seen in probe Pz recordings,

nor in any ERP responses derived from innocent subjects,

nor from guilty subjects not doing CMs. We suggested that
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P900 would be useful additional information that CMs

were in use, thus supplementing RT for this purpose. This

component was never seen previously, for example, in

subjects countering all four irrelevants as in Rosenfeld

et al. (2008). We hypothesized in Rosenfeld and Labkov-

sky (2010) that the P900 represented a signal to a subject

that no further responses to the signal would be required

after stimulus acknowledgement. Thus, a probe stimulus

was such a signal, but a countered irrelevant, in contrast,

signaled that a further response (a CM) would be required.

An un-countered irrelevant was a signal like a probe, but

did require further cognitive processing. Thus we also

study here the effects of various numbers of CMs used on

the appearance of P900. Based on the combined earlier

findings, our empirical hypothesis is that we will see P900

to the probe in groups where only two and three of four

utilized irrelevants are countered (as in Rosenfeld and

Labkovsky 2010), but not in the group where all four ir-

relevants are countered as in Rosenfeld et al. (2008), nor in

the innocent (IN) and simply guilty (SG; no CMs used)

groups. Because we reason that the group countering only

one of four irrelevants is superficially similar to the SG

group (that counters zero of four irrelevants) and will thus

show a relatively large probe P300, we do not anticipate a

large P900 here either. Neither do we expect probe P900s

in the four-CM group (as none were seen in Rosenfeld et al.

2008, in which all four irrelevants were countered), nor in a

group in which all five stimuli (probe plus four irrelevants)

are countered since there is no stimulus in this situation

signaling a subject that no further responses will be

required.

Methods

Subjects and Groups

Participants were 86 students (42 females) from the intro-

ductory psychology class pool (see Table 1). The subjects

were assigned to seven groups: (1) A simple guilty (SG)

group—where one of the five S1 stimuli was the subject’s

birth date (Probe); (2) An innocent (IN) group where all S1

stimuli were irrelevant to subjects, and (3) five Counter-

measure groups: 1CM group—similar to SG but subjects

perform mental countermeasure (CM) to 1 Irrelevant; (4)

2CM group with CMs to 2 Irrelevants; (5) 3CM group—

CMs to 3 Irrelevants; (6) 4CM group—CMs to all 4

Irrelevants; and (7) 5CM group—CMs to all five S1

stimuli, including the Probe. The IN, SG and 2CM group

data were previously reported (Rosenfeld and Labkovsky

2010), and are presented again here for comparison. For

these previously run three groups, the subjects were ran-

domly assigned. For the four new groups separately run for

this study, subjects were likewise (separately) randomly

assigned.

Procedures

In the SG group (N = 13, 5 females, Mean age = 19.3,

SD = 1.65), subjects first saw in a trial either a probe or

one of four irrelevants presented for a 300 ms duration in

random order on a computer monitor 1 M in front of them.

This was S1. If a subject stated before testing that an

irrelevant was personally meaningful, it was replaced

with a different, confirmed meaningless irrelevant. Then,

after about a one second delay (randomly varying

800–1,200 ms), S2, a string of numbers, was presented.

Participants were asked to make two responses within a

trial, one to each type of stimulus. In response to S1, each

participant was asked to randomly press one of the 5 but-

tons on a 5-button response box with the left hand,

immediately after seeing any date (Fig. 1). This stimulus

acknowledgement is called the R1 or ‘‘I saw it’’ response.

Table 1 Individual hit rates,

probe versus Iall, p = .9

confidence

Group Detections

SG 13/13 (100%)

1CM 11/12 (92%)

2CM 12/12 (100%)

3CM 12/12 (100%)

4CM 11/12 (92%)

5CM 11/12 (92%)

IN 1/13 (8%) Fig. 1 The events in the complex trial protocol using a date for S1

and a number string for S2

Appl Psychophysiol Biofeedback (2012) 37:1–10 3

123



The subjects were instructed to do their best to press each

of the five buttons approximately the same number of times

as every other button. They were also told to try not to

press the same button twice in a row, and not to develop a

specific pattern of button presses. (Compliance was verified

as in Rosenfeld and Labkovsky (2010) described below.)

To further insure that the subjects were paying attention to

the S1 stimuli (probes and irrelevants), the subjects were

tested immediately after R1 at various unpredictable times

throughout the experiment about which date they saw last.

More than one failure would result in exclusion. There

were no such exclusions here.

The random response ‘‘I saw it’’ task, as first described

in Meixner et al. (2009), was used originally to focus

attention on the first stimulus (S1) of the trial. We had

noted in Rosenfeld et al. (2008) that CM-using subjects had

larger P300s than simple guilty (no CMs) subjects. At that

time we felt this was because we embedded the related

(non-independent) CM task within the R1 (I saw it) task by

requiring CM execution before R1, thus forcing extra

attention to the S1 and enhancing its P300 (Donchin et al.

1986). We thereafter reasoned that if we used random

responding as the S1 or ‘‘I saw it’’ task, it would have a

similar P300-enhancing effect like a CM task.

The second response (R2) was to be made when S2, the

string of numbers appeared on the screen. This response

had to be made on a two button response box with the right

hand. The string of numbers was either ‘‘111111,’’

‘‘222222,’’ ‘‘333333,’’ ‘‘444444’’, or ‘‘555555.’’ These

were also presented in a random order. A participant had to

press the right target button following ‘‘111111’’ and the

left non-target button following any other number string.

The subjects were also reminded that the presentation of

the number was brief and they had to pay attention,

otherwise they would miss the number and fail to press the

target or non-target buttons correctly.

In the IN group (N = 13, 4 females, Mean age = 19.69,

SD = .63) subjects were presented with all irrelevant

dates, i.e., there was no birth date presented. In the second

part of each trial participants were presented with exactly

same stimuli (Targets/Non-targets) as in the SG and CM

groups.

In all five CM groups (total N = 60, 12/group, 33

females, Mean age = 20.38, SD = 2.14) the stimuli were

exactly the same as in the SG group. However, in the CM

groups, subjects were additionally instructed to perform

‘‘mental countermeasures’’ to 1, 2, 3, or 4 (of four) irrel-

evant stimuli in 1CM, 2CM, 3CM, and 4CM groups

respectively. In the 5CM group subjects performed coun-

termeasures to all five stimuli, including the probe. The

CM responses were the participant’s silent, mental imaging

of his/her first name—CM1, last name—CM2, and names

for meaningful people (mother, father, siblings or

friends)—CM3, CM4, and CM5. In other words, after a

participant saw a to-be-countered irrelevant in the first part

of a trial, he/she had to mentally and silently think of one of

the names before randomly pressing one of the five buttons

as R1. Thus we refer to this type of countermeasure as

sequential. Subjects were instructed to perform counter-

measures so that the experimenter could not detect the

silent, mental act. In each of the CM groups the to-be-

countered irrelevant(s) alternated from subject to subject.

In each of the seven groups, prior to the actual run,

participants were given 20–30 practice trials as needed

without implementation of any CM(s) to insure they

understood and could perform the task. In CM groups, after

this practice, the subjects were provided with CM use

details and asked to learn the associations between the

stimuli and CMs. After the subjects said they were ready,

the experimenter would check that the subjects perfectly

memorized the associations: The experimenter recited each

of the to–be-countered stimuli and required a subject to say

out loud the CM associated with this stimulus. This was

repeated until there were three consecutive perfect

response sets by the subject. The detailed trial structure is

presented in Fig. 1 and is identical to the trial structure

presented in Rosenfeld and Labkovsky (2010).

Data Acquisition

EEG was recorded with Ag/AgCl electrodes attached to

sites Fz, Cz, and Pz. The scalp electrodes were referenced

to linked mastoids. EOG was recorded with Ag/AgCl

electrodes above and below the right eye. The diagonal

placement of the eye electrodes ensured that both vertical

and horizontal eye movements would be picked up, as

verified in pilot study and in Rosenfeld et al. (2004, 2008).

The artifact rejection criterion was 40 lV. The EEG

electrodes were referentially recorded but the EOG elec-

trodes were differentially amplified. The forehead was

connected to the chassis of the isolated side of the amplifier

system (‘‘ground’’). Signals were passed through Grass

P511amplifiers with a 30 Hz low pass filter setting, and

high pass filters set (3 db) at .3 Hz. Amplifier output was

passed to a 16-bit National Instruments A/D converter

sampling at 500 Hz. For all analyses and displays, single

sweeps and averages were digitally filtered off-line to

remove higher frequencies, the digital filter was set up to

pass frequencies from 0 to 6 Hz using a ‘‘Kaiser’’ filtering

algorithm.

P300 at Pz was measured using the Peak–Peak (p–p)

method, which, as repeatedly confirmed in our previous

studies, is the most sensitive in P300-based deception

investigations (e.g., Soskins et al. 2001): The algorithm

searched from 300 to 650 ms for the maximally positive

100 ms segment average. The midpoint of the segment
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defined P300 latency. Then it searches from this P300

latency to 1,300 ms for the maximum 100 ms negativity.

The difference between the maximum positivity and neg-

ativity defines the p–p measure. P900 was measured (as is

typical in all but deception studies) base to peak (b–p) as

the maximum 100 ms segment between 700 and 1,100 ms

minus the 100 ms average of pre-S1 EEG.

Analyses, Error Handling

To determine group effects ANOVAs were run. Any

within-subject tests with [1 df resulted in our use of the

Greenhouse-Geisser (GG) corrected value of probability,

p(GG), and the associated epsilon = e value. All artifact

trials were discarded so that analyses were done only on

artifact free trials.

To ensure that subjects were cooperating with instruc-

tions, we monitored S1 random responses during recording.

During the recording we verified that subjects were ran-

domizing the choices, and avoiding pressing the same button

twice in a row, and not developing any other pattern of button

presses. In terms of the S2, the computer monitored accuracy

for target and non-target buttons (results below).

Within Individual Analysis: Bootstrapped Amplitude

Difference Method

To determine whether or not the P300 evoked by one

stimulus is greater than that evoked by another within an

individual, the bootstrap method (Efron 1979) was used on

the Pz site where P300 is typically largest. This will be

illustrated with an example of a probe response being

compared with an irrelevant response. The type of question

answered by the bootstrap method is: Is the probability

more than 90 in 100 that the true difference between the

average probe P300 and the average irrelevant P300 is

greater than zero? For each subject, however, one has

available only one average probe P300 and one average

irrelevant P300. Answering the statistical question requires

distributions of average P300 waves, and these actual dis-

tributions are not available unless one repeats the experi-

ment multiple times which is not feasible. One thus

bootstraps these distributions, in the bootstrap variation

used here, as follows: A computer program goes through

the combined probe-target and probe non-target set (all

single sweeps) and draws at random, with replacement, a

set of n1 waveforms. It averages these and calculates P300

amplitude from this single average using the maximum

segment selection method as described above for the p–p

index. Then a set of n2 waveforms is drawn randomly with

replacement from the irrelevant set, from which an average

P300 amplitude is calculated. The number n1 is the actual

number of accepted probe (target and non-target) sweeps

for that subject, and n2 is the actual number of accepted

irrelevant sweeps for that subject multiplied by a fraction

(about .22 on average across subjects in the present report)

which reduces the number of irrelevant trials to within one

trial of the number of probe trials. The calculated irrelevant

mean P300 is then subtracted from the comparable probe

value, and one thus obtains a difference value to place in a

distribution which will contain 100 values after 100 itera-

tions of the process just described. Multiple iterations will

yield differing (variable) means and mean differences due

to the sampling-with-replacement process.

In order to state with 90% confidence (the criterion used

in all preceding studies, (e.g., Farwell and Donchin 1991;

Soskins et al. 2001; Rosenfeld et al. 1991, 2004) that probe

and irrelevant evoked ERPs are indeed different, we

require that the value of zero difference or less (a negative

difference) not be [-1.29 SDs below the mean of the

distribution of differences. In other words, the lower

boundary of the 90% confidence interval for the difference

would be greater than 0. It is further noted that a one-tailed

1.29 criterion yields a p \ .1 confidence level within the

block because the hypothesis that the probe evoked P300 is

greater than the irrelevant evoked P300 is rejected either if

the two are not found significantly different or if the

irrelevant P300 is found larger (t tests on single sweeps are

too insensitive to use to compare mean probe and irrelevant

P300s within individuals; see Rosenfeld et al. 1991).

Finally, in describing the diagnostic accuracy of exper-

iments, we made use of the signal detection theoretical

parameter, A0, based on Grier (1971). This is a function of

the distance between a ROC curve and the main diagonal

of a ROC plot of Hits and False Alarms. It makes no

assumptions about the shape or variances of the distribu-

tions of the key variables (such as P-I P300 amplitude

differences). A0 varies from .5 (null effect) to 1.0 (maxi-

mum effect). A0 = � ? ((y - x)(1 ? y - x)/(4y(1 - x)));

y = hit rate, x = false alarm rate.

Results: Behavioral

RTs for SG, IN, and CM groups (1–5) are shown in Fig. 2.

It appears that SG and IN groups are faster than all CM

groups, as expected, and that SG and IN groups are similar

except regarding the probe RT, which is slightly elevated

in the SG group, as has been previously reported (Farwell

and Donchin 1991; Seymour et al. 2000; Rosenfeld et al

2008). It also appears that within the CM groups, countered

stimuli have higher RTs than un-countered ones, as in

Sokolovsky et al. (2011) and Hu et al. (in press).

Our first major question about RT is: What is the effect

of number of irrelevants countered on the RT to countered

and non-countered irrelevants? The next major question is
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the same one but about probe RTs: What is the effect of

number of irrelevants countered on the probe RT? These

questions first require analysis of Fig. 2, but one section of

the figure at a time. Thus we first did a 2-way groups

(1-CM, 2-CM, 3-CM, 4-CM, 5-CM) by within-subject

stimulus types (I1, I2, I3, I4) ANOVA. For this analysis, it

is noted that (a) stimulus types, going from left to right in

Fig. 2, involve systematic increases in the ratio of coun-

tered to non-countered irrelevant(s) within each vertical

column of groups; (b) SG and IN groups are omitted in this

analysis as are probe data since there are no CMs used in

SG and IN groups, nor against probes in 1-CM through

4-CM groups. The combined irrelevant RTs in these five

groups (1CM–5CM) did not differ; F (4, 54) = .367,

p [ .8, but the stimulus types did differ, F (3, 162) = 3.77,

p(GG) \ .03, and the interaction was also significant, F

(12, 162) = 7.45, p(GG) \ .001. The interaction is evident

in Fig. 2 as the curves in the CM groups do not resemble

one another: In the 1CM and 2CM groups, the countered

irrelevant RTs are obviously greater than the RTs to non-

countered items, as expected. In the 1CM group, a t test on

countered versus uncountered RTs was t(10) = 5.5,

p \ .001. In the 2CM group, a t test on countered versus

uncountered RTs was t(11) = 3.2, p \ .009.This trend can

be seen in the 3CM group, though it is less obvious (and

the t test was marginal at t(11) = 1.9, p \ .1). In both the

4CM and 5CM groups, since I1, I2, I3, and I4 are all

countered, the RT functions are flat; (so supporting t tests

were not done as they would only prove a null hypothesis.)

For a more general analysis of these data, we performed

a 2-way (group; SG vs. CM) 9 2 (stimulus type) ANOVA,

where one within-subject variable, stimulus type (probe vs.

irrelevant) involved combining all countered and non-

countered irrelevant RTs from all four CM groups except

the 5-CM group into one average called Iall. We omitted

the 5-CM group since the countered probe RT in that group

could not have been meaningfully combined with probe

data in other groups in which probes were not countered.

Figure 3 shows the graph for this analysis. There was a

significant effect of group F (1, 57) = 14.6, p \ .001.

There was no effect of stimulus type, F (1, 57) = .01,

p [ .9, probably related to the significant interaction, F (1,

57) = 9.8, p \ .004, suggested in Fig. 3. To verify that the

group effect was not solely carried by the Iall RTs (perhaps

suggested in Fig. 3), we did a post hoc t test comparing just

probe RTs in CM groups with probe RTs in the SG group.

T (20.3 pooled variance) = 3.3, p \ .003. The clear and

interesting implication is that the presence of CMs to ir-

relevants clearly affects probe RT despite the fact that

probes are not countered in these four CM groups of Fig. 3.

Thus doing CMs causes a general RT slowdown.

To examine the hypothesis of possible systematic

changes in RT as a function of the number of countered

irrelevants, we performed a 2-way, within-subject stimulus

type (probe vs. countered irrelevant vs. non-countered

irrelevant) 9 group (1CM vs. 2CM vs. 3CM) ANOVA; see

Fig. 4. (We omitted the 4-CM and 5-CM groups in this

analysis as there were no non-countered CMs in those

groups. But for the interested reader, in the 4CM group, the

probe RT = 685.4, and the countered average for the 4

countered irrelevants was 736.3. In the 5CM group, the

probe RT = 731.0, and the countered average for the 4

countered irrelevants was 787.6.) Again there was no main

Fig. 2 RTs as a function of the various stimulus types, groups, and

countering status Fig. 3 RT as a function of stimulus type in which Iall is the

combined value for all irrelevant reaction times, countered and not

countered, for SG (guilty with no countermeasures) and countermea-

sure groups (except 5CM) combined
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effect of group; F (2, 32) = .01, p [ .9, probably due to the

interaction: F (4, 64) = 3.9, p(GG) \ .02), evident in

Fig. 4. There was also a large main effect of stimulus type,

F (2, 64) = 28.7, p(GG) \ .001. Figure 4 shows probe and

non-countered RTs increasing with numbers of countered

irrelevants, as expected, but the less intuitively obvious,

decreasing function for countered irrelevants. Post-hoc

tests within each stimulus type failed to reach significance.

The inverse relation between RT and number of countered

irrelevants may be related to preparation effects, meaning

that one is more likely to be expecting and ready to execute

a CM as the number of CMs increase.

Results: ERPs

Figure 5 shows grand average ERPs (probe and Iall) at all

sites, in all guilty groups (SG and all CM) used in the

study. The IN results are not shown here as there there were

no P300s or P900s in this group (as seen in Figs. 6, 7). The

probe P300s in the Pz traces are indicated by thick vertical

lines below zero uV axes at P300 latency (500–600 ms) to

these alphanumeric stimuli. P900s in Fz and Cz traces,

when evident, are indicated with thick vertical lines above

the zero uV axes at 850–950 ms. Prominent P300s are seen

in the Pz traces of the SG, 1CM, 4CM, and 5CM groups,

with smaller P300s in the 2CM and 3CM groups. On the

other hand, prominent P900s are seen in Fz and Cz traces

of 2CM and 3CM groups, with no suggestion of P900 in

SG and 5CM groups.

P300 Group Data Analysis

Figure 6 shows the computer calculated peak-peak P300 Pz

amplitudes for all seven groups studied here. There appear

to be large probe-irrelevant differences in all groups but the

IN group, as expected. The largest differences appear to

occur in the SG and 4CM groups. The large difference for

the SG group is expected since there are no CMs, so the

Fig. 4 RT as a function of 3 countermeasure groups (1CM, 2CM,

3CM) and stimulus types; probes (Pr), countered irrelevants (CM) and

not countered irrelevants (NC)

Fig. 5 Grand averaged waveforms for all guilty groups, as a function

of site and stimulus type with all irrelevants combined. Positive down
as shown. Vertical lines below x-axes in Pz waveforms show P300.

Vertical lines above x-axes in in some Fz and Cz waveforms show

P900
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irrelevant P300 is small but the probe P300 is large. The

large difference for the 4CM group is expected on the basis

of the omit effect (Meixner and Rosenfeld 2010) described

above. The first confirmatory analysis run on these data

was a 2 way (stimulus type: probe vs. Iall, within sub-

ject) 9 (groups: all 7 groups shown in Fig. 6, between

subjects) ANOVA. The effect of groups was significant, F

(6, 79) = 3, 22, p \ .008); as were the effects of stimulus

type, F (1, 79) = 253.3, p \ .001; and interaction, F (6,

79) = 10.21, p \ .001. The groups effect reflected the

P300 (combined probe and Iall) differences across groups

and the interaction reflected the differences among these

probe-irrelevant differences across groups described above.

Post-hoc ANOVAS followed up the effects described

above. First, to confirm similarities of probe versus Iall

amplitudes within the 4CM and SG groups, and secondly,

within the 1CM, 2CM, 3CM, and 5CM groups, a first, 2

way (stimulus type: probe vs. Iall) 9 (groups: the four just

cited) ANOVA found no effect of groups, F (3, 44) = 1.68,

p [ .19, nor of interaction, F (3, 44) = .097, p [ .9. The

difference between probe and Iall remained significant, F

(1, 44) = 165.96, p \ .001. Second, we show that the SG

and 4CM groups have similarly large probe—Iall differ-

ences in a 2 way (stimulus type: probe vs. Iall) 9 (groups:

SG vs. 4CM) ANOVA. The groups effect, favoring

the 4CM group, was not significant, F (1, 23) = 2.99,

p = .096 and the interaction was not significant, F (1,

23) = .084, p [ .77. The probe versus Iall effect remained

significant, F (1, 23) = 139.1, p \ .001. Finally, to support

the visual observation of the SG and 4CM groups having

the largest probe versus Iall difference, a post-hoc t test

compared the mean differences in these two combined

groups versus the combined mean differences in the 1CM,

2CM, 3CM, and 5CM groups, yielding a significant t(37.2

separate variance df) = 4.61, p \ .001, showing a larger

P300 difference in the SG and 4CM groups.

P900 Group Data Analysis

Figure 7 shows computer calculated probe P900s (b–p)

recorded from Cz in bar graph format for all seven groups

studied here. The comparable Fz data (not shown here)

look similar. It is recalled that our hypothesis about P900 in

the present studies is that it should be seen in the probe

ERP (and occasionally in the non-countered irrelevant

P900), but not in the countered irelevant P900. Consistent

with Figs. 5, 7 shows that there appear to be large P900

responses in the probe waveforms in the 2CM and 3CM

groups, but not in other groups, as hypothesized. A first

approach to analysis of these Cz data involved a 2 way (one

stimulus type; probe) by 7 (groups) ANOVA. The effect of

groups was significant (F [6, 79] = 3.84, p \ .003). To

confirm the fact that P900 is larger in the 2CM and 3CM

groups, we did a 1 (stimulus type; probe) by 2 (group;

combined 2CM and 3CM vs. other 4 guilty and CM

combined groups) ANOVA, yielding the expected main

effects of groups; F (1, 71) = 21.2, p \ .001.

We did the same analyses at Fz: In the 1 (stimulus

type) 9 7 (groups) ANOVA, the group effect was signifi-

cant: F (6, 79) = 9.4, p \ .001. Doing the ANOVA on

combined 2CM and 3CM versus 1CM, 4CM, and 5CM

groups, (as with Cz data), the group effect was F (1,

71) = 29.7, p \ .001.

Fig. 6 Computer calculated p–p P300 probe and Iall amplitudes at Pz

for each of the 7 groups

Fig. 7 Computer calculated b–p P900 probe amplitudes at Cz for

each of the 7 groups
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Individual, P300-Based Detection Rates

The individual detection rates in all groups are shown in

Table 1. These rates are based on bootstrapping the probe

minus irrelevant Pz P300 (p–p) amplitude difference at a

confidence interval = 0.9. It is clear that detection rates

were always [90% with \8% false positives, yielding

Grier (1971) A0 values all [.95.

Detection of Individual Countermeasure Use with RT

Since we saw here as we did previously (Rosenfeld et al.

2004, 2008, and Rosenfeld and Labkovsky 2010) that

sequential countermeasure use elevates irrelevant RT as a

strong group effect, we wondered to what extent elevated

irrelevant RT might enable us to detect individuals

attempting to make covert responses to irrelevants. The

main concern with a countermeasure user is that his aver-

age Iall P300 response will be indistingushable from his

probe P300 response as one expects in an innocent subject.

An irrelevant (Iall) RT-based classification scheme for

countermeasure use should thus be based on known inno-

cent subjects also known not to be using countermeasures.

Our innocent subjects have a mean Iall of 479 ms ±

141 ms. Table 2. shows the numbers of diagnosed coun-

termeasure users (with associated Grier 1971 A0 values) in

the various groups based on the Iall mean ? three SD

functions: 1 SD, 1.3 SD, and 2 SD, which should respec-

tively include about 84, 90, and 98% of true innocent

values. The 1.3 SD value falsely labels 1 subject each in the

IN and SG groups, while yielding respectable counter-

measure use detection rates in the countermeasure

groups—whose members are mostly detected as guilty

based on P300 anyway.

Discussion

The present results extend earlier reports (Rosenfeld et al.

2008; Rosenfeld and Labkovsky 2010; Winograd and Ro-

senfeld 2011) on the P300-based, complex trial protocol for

detecting concealed information, by showing that the ver-

sion of the protocol using one probe and four irrelevant

stimuli, remains resistant to any possible fraction of

countered irrelevants, (Table 1) as long as the sequential

countermeasure is executed prior to the stimulus

acknowledgement. The present results indicate, however,

that the large probe-irrelevant P300 difference that one sees

(Fig. 5) in SG groups or countermeasure groups with

proportions of countered irrelevant stimuli \.5 or [.75,

does not occur in countermeasure groups with proportions

of countered irrelevant stimuli varying from .5 to .75

(Fig. 5). With such middle proportions (2/4, 3/4) of coun-

tered irrelevants, although the accuracy rates in the present

study were 100%, the p–p probe amplitudes were less large

than those in the 1CM and 4CM groups.

Much of this effect, as can be seen in Fig. 5, is due to the

fact that the negative overshoot component (utilized in the

p–p measure of P300) that represents the recovery of P300

from its positive peak is pulled down by the occurrence of

P900—which is also prominent in the 2CM and 3CM

groups (mostly at Fz and Cz, but somewhat reflected at Pz

where P300 is measured).

Average irrelevant RT continues [as in Rosenfeld et al.

(2008), Rosenfeld and Labkovsky (2010), and Winograd

and Rosenfeld (2011)] to be a good indicator of sequential

countermeasure use, as Fig. 3 shows an average difference

of 180 ms between irrelevant RT in SG versus IN coun-

termeasure-using subjects. Actually, even if one does not

know which stimulus is the probe, as in some field situa-

tions (Meixner and Rosenfeld 2011), Fig. 3 shows that the

average RT for all five stimuli is about 160 ms greater in a

CM group than for an SG group.

On the other hand, Sokolovsky et al. (2011) showed that

simultaneous countermeasures, executed at the same time

as R1, the ‘‘I saw it’’ stimulus acknowledgement, renders

RT ineffective as a countermeasure use indicator in a situ-

ation involving one probe and four irrelevants, such as the

present protocol. P300-based detection of concealed infor-

mation still remained good (85%) in that situation. Also

fortunately, Hu et al. (in press) have shown that increasing

the number of irrelevants to eight restores the ability of RT

to index even simultaneous countermeasure use while

yielding a P300-based Grier (1971) A0 of .93 overall.

Finally, P900, may prove a helpful additional index of

counterneasure use. It continues to appear in response to

uncountered probes at Fz and Cz in situations involving

middle fractions of countered irrelevant stimuli, as previ-

ously reported by Rosenfeld and Labkovsky (2010). We

Table 2 RT-based countermeasure-user diagnoses with Grier (1971)

A0 values, based on 3 criteria, all groups

Group (n) Criterion = Iall mean (479 ms)?

1 SD = 620 ms 1.3 SD = 662 ms 2 SD = 761 ms

1CM (12) 8 (A0 = .87) 8 (A0 = .87) 5 (A0 = .79)

2CM (12) 9 (A0 = .90) 7 (A0 = .85) 5 (A0 = .79)

3CM (12) 9 (A0 = .90) 9 (A0 = .90) 5 (A0 = .79)

4CM (12) 8 (A0 = .87) 8 (A0 = .87) 7 (A0 = .85)

5CM (12) 10 (A0 = .93) 9 (A0 = .90) 6 (A0 = .82)

SG (12) 3 (A0 = .90) 1 (A0 = .95) 0 (A0 = .98)

IN (11) 1 (A0 = .95) 1 (A0 = .95) 1 (A0 = .95)
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continue to hypothesize that its appearance following a probe

represents the probe’s definitive signal to the subject that no

further stimuli in the trial will require a (countermeasure)

response. We do not see P900 in 1CM, 4CM, and 5CM

groups perhaps because in these less ambiguous situations,

the P300 component is more prominent due to less task

demand, as noted above, and its enhanced prominence

obscures P900. Clearly, more research in delineating the

functional significance of P900 is in order. However, it is

fortunate for would-be detectors of concealed information

that when P900 is not evident, it is least needed as a sup-

plementary index of countermeasure use, since the probe-

irrelevant P300 differences are largest when P900 is not

easily seen.
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