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Abstract

  The basic rationale of P300-based tests of concealed information compares responses to critical ('probe') and non-critical ('irrelevant') items. Accuracy, both in the laboratory and the field, is the degree to which responding to probes exceeds that to irrelevants.  The present laboratory study assessed the influence of two factors on accuracy.  The first, varied between subjects, was whether the paradigm included probes, irrelevants, and target items (as is the case in most P300 preparations), or whether the paradigm included only probe and irrelevant items.  The second, orthogonally-varied, within-subject factor was whether the probe was an autobiographical item (the subject's name), or incidentally-acquired (as in common field applications). Accuracy was greater with the subject's name as probe, perhaps because of the greater potency of autobiographical items than incidentally acquired ones, even when these are learned to a 100% accuracy.  On the other hand, contrary to expectations from a work-load interpretation, the removal of the target did not affect accuracy, but rather decreased P300 magnitude to both probes and irrelevants in the non-target group.

Descriptors: Psychophysiological detection of deception, P300, Event-related potentials, Guilty knowledge tests, Concealed Information tests, Lie Detection

1. Introduction 

1.1 The Impact issue: The several P300-based tests of guilty knowledge which have been published (for review, see Rosenfeld, 2002) have been based on autobiographical information (e.g., Rosenfeld, Angell, Johnson, & Qian , 1991; Miller, Rosenfeld, Soskins & Jhee, 2002), highly rehearsed incidental knowledge obtained during a mock crime scenario (e.g.  Rosenfeld et al., 1988; Farwell & Donchin, 1991) and/or on material learned during an experiment (e.g., Allen, Iacono, & Danielson, 1992; Ellwanger, Rosenfeld, Sweet, & Bhatt, 1996).  Although the earlier studies of P300-based detection of incidental information reported good detection rates (85-95%), more recent studies have reported detection rates varying from 27% to 82% (Mertens, Allen, Culp, & Crawford, 2003; Rosenfeld, Soskins, Bosh, & Ryan, 2004; Rosenfeld, Shue, & Singer, 2004).  In contrast, autobiographical  information has been consistently well-detected (85-95%; e.g., Rosenfeld et al., 2004). 

To our knowledge no one has yet compared detection of incidentally acquired information with a comparable type of information of a personally meaningful nature, within the same experiment. We do this here by comparing the detection of subjects’ names with that of the experimenter’s name, to which the subject was exposed and which before the run was well-rehearsed. Our expectation was that the highly meaningful subject names will have greater psychological impact, or salience, and will thus evoke larger P300s so that such autobiographical concealed knowledge would be detected more readily than the P300s evoked by the low impact experimenter names, despite rehearsal of the latter to a criterion of perfect recall. There is indeed much evidence that high impact stimuli of emotionally strong valence are powerful elicitors of P300 and related late positivity, relative to more neutral stimuli (Cacioppo, Larsen, Smith, & Berntson, 2004; Cuthbert, Schupp, Bradley, McManis, & Lang, 1998).

The question is important in view of the fact that some variants of the P300-based test are thought to have relevance for field situations. Such tests—as is true of autonomically based tests—use critical items or probes which, since high impact items are typically not available (Elaad, Ginton, & Jungman, 1992), are often based on low-impact, incidentally acquired knowledge (e.g., the color of the curtains in a room where a violent crime occurred). The relative potency in P300 elicitation of high versus low impact items has not been previously investigated systematically. We assumed that a participant’s name may be used to anchor the high end of the impact variable. Thus, we were interested in comparing the effect of  participant name with the effect  of concealed, lower-impact, incidental knowledge of the type one might acquire during a crime -- on P300 amplitude and P300-based detection. 

In concealed information tests based on autonomic responses, Suzuki, Reiko, Nakayama and Furedy, (2004) found that respiratory apnea differed between high and low-impact critical items (knife as murder weapon versus precise time of the killing, respectively.) In contrast, Rosenfeld, Ellwanger, and Sweet (1995) reported no difference in P300 amplitude elicited by participant birthdates and local phone numbers, although one might think that the more personal birthdate would be the higher-impact stimulus with greater P300 evoking potency. It is thus not guaranteed that high and low-impact stimuli will affect all response systems—CNS vs. ANS-- in the same way.  Perhaps the birthdate stimulus was not high enough in impact in the Rosenfeld et al. (1995) study just cited. The subject-name stimulus should here maximize the high impact probe and reveal a high versus low impact effect, if there is one to be found, with P300 in a deception detection situation.

Ellwanger et al., (1996) compared  P300-based detection of newly learned words, birth dates, and experimenter names. In that study, however, the comparison was based on a three-way ANOVA on all three information types. The main effect of information type was not followed up; i.e., de-composed, not even with a post-hoc comparison. It appeared that the autobiographical P300s were slightly larger than those of experimenter name-evoked ERPs, but this difference may not have been significant, and the significant main effect from the ANOVA appeared to be carried by the greater differences between the P300s to the new words and to the other stimuli. Moreover, de-briefing revealed that some of the subjects did not actually recall the experimenter’s name, so that the rehearsal procedure was wanting, possibly resulting in the small difference seen between grand average  P300s to birthdates and to experimenter names. Finally, the autobiographical information consisted of subject birthdays, not names, so that the comparison of high-impact,  meaningful and low-impact, incidental information was confounded. In the present study, these issues were addressed by directly comparing the detection of autobiographical items--subject names--with detection of incidentally, but perfectly learned experimenter names: comparable stimulus types.

Clearly,  the comparison of P300s evoked by subject name vs. experimenter name involves comparable  information only in the sense that both stimulus types are persons’ names;  the autobiographical information here, as noted above, is more emotionally meaningful and more rehearsed, and thus expected to have the greater psychological impact. Indeed, we take advantage of this fact here so as to increase the expected difference in P300-evoking potencies of these two stimulus types with differing impact levels.  

1.2 Protocol comparison: The second goal of the present study is to examine the possibility that in detection of deception, a two stimulus paradigm (i.e., the usual P300 oddball paradigm with oddballs and frequents) will be equally or more effective than the standard three stimulus protocol typically employed in these P300-based deception detection studies, such as in Rosenfeld et al., (1988, 1991, 2004), Farwell and Donchin (1991), Allen et al., (1992). In the three stimulus paradigm, there are randomly presented, rare probe stimuli (which are the to-be-detected items of concealed information), frequent irrelevant stimuli, and rare target stimuli. The subject is instructed to respond  one way to the targets (e.g., says ”yes”), which are seen before the ERP run, and a different way to the other stimuli (e.g., says “no”). The latter response indicates non-recognition of the item and must be dishonest in response to the probe, since the subject is manipulated to recognize it. The target stimulus has been typically used to force attention to the display screen so that probes cannot be ignored. Also, there are some analytic methods which, for diagnostic purposes, require the target response (see Rosenfeld et al.,  2004; Farwell & Donchin, 1991. These methods compare the cross correlation of probe and target waveforms with that of probe and irrelevant waveforms and if the former cross correlation exceeds the latter, a guilty diagnosis is made; the target is clearly necessary for this method). Our present contention was that the three stimulus paradigm that requires different responses generates a greater workload than would a response-free, two stimulus paradigm, and would thus be expected to result in smaller P300s (Kramer, Sirevaag, & Braune , 1987) and thus, inferior P300-based detection relative to the simpler paradigm. As will be clear below, this hypothesis was incorrect in view of our novel finding of an enhancing effect of the presence of the target on P300 size, a finding of more general interest than application to deception detection.

2. Methods:

2.1 Subjects: We started with 23 randomly selected students (10 male) from the introductory psychology pool at Northwestern University, ranging in age from 18 to 22. Data from two subjects were rejected due to eye movement artifacts on > 50% of the trials. The remaining 21 were  randomly divided into a target group (n = 10, 5 male) and a non-target group (n=11, 5 male). All subjects had normal or corrected to normal vision. All signed an IRB approved consent form. There was no formal screening for history of pathology. Students behaving in a bizarre or intoxicated manner were to be excluded, but none appeared.

2.2 Procedure: Subjects in the target group saw probe, target, and irrelevant stimuli (as described above) with respective probabilities of .17 (n=30), .17 (n=30), and .67 (n=30 for each of the four irrelevants).  In other words, for subject or experimenter names, the one name was repeated until 30 artifact-free presentations were collected; likewise for target names. Subjects in the non-target group saw only probes and irrelevants with probabilities of .17 (n= 30) and .83 (n=150), respectively.  Thus probe and target averages had a minimum of 30 sweeps each, and irrelevant averages were at minimum based on either 120 or 150 sweeps for the target and non-target groups, respectively. The 1.5 cm high stimuli were presented as words on a display monitor 1 m from the subject’s eyes. The 3-stimulus,  target group pressed a yes button to target stimuli, and a no button to all other stimuli. Target stimuli were actually irrelevant names, but made relevant by the unique task assigned to them by the experimenter prior to the run. The randomly occurring target stimulus forced attention to the screen. In the 2-stimulus,  non-target group, subjects made no responses, but were forewarned that they would be stopped every so often and asked to name the stimulus just presented; this was the method of forcing attention in that group. The suggestion was made that they were to try and beat a lie-detection test by failing to respond to meaningful information, but not by failing to pay attention, and that if they made errors on any one of the test trials, they would be judged to have not paid attention. The interstimulus interval was 3 s and the stimulus duration was 304 ms.
We appreciate that there are confounding differences between these two groups which would make any group differences difficult to interpret. Our interest in this question was purely applied, that is, we wanted to know which protocol (two vs. three stimulus) would detect more deception. These issues are more fully reviewed  in the discussion.

Each group had two blocks, a JULIE (or EXPERIMENTER NAME) block, in which the low-impact, incidentally learned experimenter’s first name (Julie) was the probe, and a SUBJECT NAME block in which the high-impact subject’s own name was the probe. Block order was counterbalanced across subjects. Several name lists were constructed with the aim of controlling for ethnicity, and gender effects. For example, in the JULIE block, the irrelevant list for a North American subject consisted of North American female names ending similarly: Bonnie, Carrie, Maggie, etc. Each subject saw his/her list of names prior to the block, and any intended irrelevant names which turned out to be relevant (e.g., subject’s mother’s name) were replaced. The subjects were exposed to the experimenter’s name five times (including a final test): 1)When the experimenter first contacted the subject by phone, she introduced herself by name. 2) A reminder email the evening prior to the run was signed “JULIE” in large, bold, capital letters. 3) When the subject entered the  laboratory, the experimenter greeted the subject, “Hi, I’m Julie….” 4) As the subject had electrodes applied, he/she was asked “What’s my name?”  and was told that name if he/she had forgotten it. 5) Just before the commencement of the run, the subject was asked the name of the experimenter; all knew the answer. At the end of the run, all subjects were re-tested and all recalled the name.


2.3 Data Acquisition: EEG was recorded with silver electrodes attached to sites Fz, Cz, and Pz.  The scalp electrodes were referenced to linked mastoids.  EOG was recorded with silver electrodes above and below the right eye, but laterally offset from one another by 1 cm. They were placed intentionally diagonally so they would pick up  both vertical and horizontal eye movements, as verified in pilot study and used in several subsequent studies (e.g., Rosenfeld et al., 2004).  The artifact rejection criterion was 80 µV. The EEG electrodes were referentially recorded but the EOG electrodes were differentially amplified. The forehead was grounded.  Signals were passed through Grass P511K amplifiers with a 30 Hz low pass filter setting, and a high pass filters set (3db) at .3 Hz.  Amplifier output was passed to a 12-bit Keithly Metrabyte A/D converter sampling at 125 Hz.  For all analyses and displays, single sweeps and averages were digitally filtered off-line to remove higher frequencies; 3db point = 4.23 Hz. P300 was measured in two ways: 1) Base-peak method(b-p): This standard algorithm searches within a window from 400 to 900 ms for the maximally positive segment average of 104 ms.  The pre-stimulus 104 ms average is also obtained and subtracted from the  maximum positivity to define the b-p measure. (104ms is the product of the 13 data points devoted to pre-stimulus baseline and the 8 ms resolution with our 125Hz sampling rate.) The midpoint of the maximum positivity  segment defines P300 latency. 2) Peak-Peak (p-p) method:  After the algorithm finds the maximum positivity, it searches from P300 latency to 2000 ms for the maximum 104 ms negativity. The difference between the maximum positivity and negativity defines the p-p measure. We have repeatedly shown that using a bootstrapped amplitude difference method (see next paragraph), p-p is a better index than b-p for diagnosis of guilt vs. innocence in deception detection (e.g., Soskins et al., 2001); it will be utilized here unless otherwise noted. For example, in illustrating data on the novel effect of target presence on P300 amplitude, both p-p and b-p data are presented.

2.4 Within individual diagnostic analysis: Bootstrapped amplitude difference method (SIZE): Standard ANOVA group analysis methods will be applied to the usual P300 variables. Additionally, as this is a diagnostic deception detection method, we also diagnosed guilt or innocence within individuals. To determine whether or not the P300 evoked by one stimulus is greater than that evoked by another within an individual, the bootstrap method (Wasserman & Bockenholt, 1989) is usually 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 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 distributions are not available, since the experiment is run only once yielding one set of probe and irrelevant averages per subject.  One thus bootstraps the distributions, in the bootstrap variation used here, as follows: A computer program goes through the probe 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 both p-p and b-p indices.  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 sweeps for that subject, and n2 is the actual number of accepted irrelevant sweeps for that subject.  The calculated irrelevant mean P300 is 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 iterations 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 (a typical criterion; Rosenfeld et al., 2004, Farwell & Donchin, 1991) that probe and irrelevant evoked ERPs are indeed different, one requires 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 noted that sampling different numbers of probes and irrelevants could result in differing errors of measurement, however, studies have shown a false positive rate of zero utilizing this method (Ellwanger et al., 1996) and others have taken a similar approach (Farwell & Donchin, 1991) with success.  This method has the advantage of utilizing all the data, as would an independent groups t-test with unequal numbers of subjects. A one-tailed 1.29 criterion yields a p < .1 confidence level 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.)

 3. Results: 
3.1 Performance data, Quantitative: Error rates for probe, target, and irrelevant trials were .003, .003, and zero, respectively. There were no significant differences among these low rates. Reaction Times (RTs) could be obtained for only the target group, since the non-target group made no responses on most trials (except non-comparable test trials).  Table 1 shows these RTs, sorted by JULIE and SUBJECT blocks, and by stimulus type: probe, target, and irrelevant. The only significant pairwise difference is to the target stimuli, as shown: The target RT in the high-impact, SUBJECT block of the TARGET group was larger than that in the low-impact, JULIE block, suggesting that the high-impact probe diverted more sustained attention (from the target) than  did the low-impact probe.
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3.2 P300 data, Qualitative: Fig. 1 shows the grand averaged ERPs for all sites, for both target and non-target groups, and for both oddball block types. The target group data are in the lower half of the figure below the horizontal dashed line, and the non-target data are above the dashed line. The waveforms in the left column are for the low-impact, JULIE blocks, and those in the right column are for the high-impact SUBJECT blocks. The most striking results are the 1)much larger probe P300s in the target group in comparison with the P300s in the non-target group, and also, 2) the larger P300s in the SUBJECT block than in the JULIE block in both groups. The latter, but not the former effect, was consistent with our expectations. It also appears as if some aspect of target condition also enhanced the size of the irrelevant P300s, such that there does not appear to be the usual probe-irrelevant differences in the low-impact, JULIE block.
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3.3 P300 data, Quantitative: Fig. 2A is a plot of calculated (p-p) P300 amplitude differences, probe-irrelevant, as a function of target group and low-impact (JULIE) vs. high-impact (SUBJECT) block.  It confirms the visual impression of Fig. 1 that there is no group effect, but there is a difference between blocks. This was confirmed by a 2-way (mixed) group-by-block ANOVA. The independent groups  (target) effect was not significant at p > .7. The within-subject (repeated measures) impact effect was F(1,19) = 6.89, p < .02. The interaction was not significant at p > .2. Fig. 2B shows the probe amplitudes (p-p), i.e., without subtraction of irrelevants, as a function of the same variables. Again, there is an apparent impact effect, but here also, an apparent group effect, target vs. non-target. An  ANOVA like the preceding one, but using the probe amplitudes (vs. probe-irrelevant differences) as the dependent variable yielded F (1,19) = 8.96, p < .008 for the group effect, and a significant impact or block effect: F(1,19) = 17.1, p < .002. Again there was no interaction, p > .5.  The same ANOVA done on  irrelevant amplitudes (p-p) which are not plotted yielded F(1,19) = 17.8, p < .001 for the target vs. non-target effect, but no impact effect (p > .3) and no interaction, p > .2. Fig. 2C is like 2B except it plots b-p P300 amplitude. The parallel ANOVA on these data also yielded a significant target vs. non-target effect (p < .003) and a significant effect of  impact F(1,19) = 12.2, p < .002 with no interaction. Thus it is clear that the runs containing targets enhance all P300s (b-p or p-p) to probes and irrelevants, so that there is no target vs. non-target (group) effect on probe-irrelevant differences (p-p), the dependent measure most closely related to our bootstrapped amplitude difference method for diagnosing deception (Table 2, discussed below). However, these amplitude differences, as well as pure probe amplitudes, do show a distinct effect of impact, JULIE vs. SUBJECT. 
Fig. 2D shows the probe P300 latencies as a function of target group and impact block, and suggests only a significant effect of the former. This was confirmed with another two-way ANOVA on P300 latency in which the target group effect yielded F (1,19) = 4.9, p < .04.  This result suggests that stimulus processing was faster in the target group (consistent with Duncan-Johnson, 1981). However, as suggested by Fig. 2D, the effect of impact and the interaction were both p > .8.

3.4 Individual Bootstrap Diagnostic Results: As noted in the methods section, detection of deception is a diagnostic application of psychophysiology, requiring individual diagnostic rates, as are now presented. Table 2 shows that in the  high-impact SUBJECT blocks, 90% of the subjects were detected by the bootstrap-SIZE test in the target group. The number is about 82% in the non-target group. A Fisher test comparing independent proportions failed to find a significant difference. In the target group, only 40% of the subjects were detected in the low-impact, JULIE block, but about 64% were detected in the no target group. A Fisher test also failed to find this difference significant. Comparing within the target group with the McNemar test, the number of high-impact, SUBJECT detections (9/10) was close to being  significantly larger than the number in the low-impact, JULIE block (4/10), p < .075. This is consistent with Fig. 2A and its analysis described above, and further supports the notion that incidentally acquired, low-impact  information is not well detected in comparison with high-impact information. Within the non-target group, however, the JULIE-SUBJECT difference was not significant, p >.6.
4. Discussion

4.1 Significance of major results: This paper concerned the effect of impact type on the difference between probe and irrelevant P300 amplitude (the variable which is the basis here for P300-based detection of concealed information). Our major finding was that detection of high-impact, autobiographical information is clearly more reliable than detection of well rehearsed, but low-impact, incidental information of the same kind, (i.e., proper names). This was the case both with p-p group analyses, as well as with detection hit rate within individuals. Indeed, within the target group, detection of concealed incidental information was an unacceptably low 40% . In the non-target group, detection of this incidental knowledge was better, but still only about 64%, a sensitivity which would be poor in the field. Together with our recently published study on the vulnerability of P300 amplitude-based concealed information tests to countermeasures (Rosenfeld et al., 2004), the present results do not bode well for field use of this technology in the criminal situation. On the other hand, the use of P300 as a recognition index in detection of malingered amnesia (Rosenfeld, 2002; Van Hooff, Brunia & Allen, 1996) in which autobiographical material is often examined, remains more viable.

The second major finding here concerned a strictly applied issue (although the results raised conceptual issues discussed below): We wanted to know which protocol for P300-based detection of deception would be more sensitive; the target-containing protocol in present general use versus a simpler protocol with only probes and irrelevants. We found no difference between these protocols. This would suggest more future research with and use of the 2-stimulus protocol, which should at least be more efficient than the 3-stimulus protocol, that obviously requires more trials.

4.2 Implications and explanations of findings regarding impact: It is noted that if one looks only at P300 amplitudes as opposed to probe-irrelevant differences (b-p or p-p), there is clear evidence that autobiographical information produces larger P300s than incidental, low-impact  information, no matter how well rehearsed. This supports the view that P300 amplitude is not simply a function of recent working memory, but is clearly influenced by well rehearsed, long stored information and/or the meaningfulness of the information (see Johnson, 1988, 1993).

This brings us back to an external validity  issue raised in the introduction: How representative of tested concealed knowledge details in a field situation is the experimenter name (as used here)? It is of course possible in principle to select, either in the laboratory analog or the field, concealed information items having greater emotional significance than the present experimenter name. Lykken (1998, page 298), describes a hypothetical concealed information or guilty knowledge  test (GKT) which might have been used in detecting deception by O.J. Simpson. Four of the ten probe items listed in this hypothetical test would appear to have considerable emotional significance. These questions entailed the method of Nicole Simpson’s and Ron Goldman’s murders, the location where Nicole’s body was left, and photographs of the bodies in real vs. false locations as left by the murderer. (Lykken assumes—perhaps questionably—that the victims’ families would consent to such posing of relatives’ dead bodies, even if done via computer graphics.) However five other items were quite neutral: they involved clothes worn by the victims, the “one main color” Nicole was dressed in, the object knocked over near the victim (golf clubs, vase, chair, etc.), and what it was that Goldman was carrying in his/her hand (shopping bag, envelope, key case, etc.) when he was killed. The one remaining item concerned the bloody item left behind by the killer (baseball cap, shirt, glove; this  latter item might have been dropped by the killer who possibly did not even notice dropping it, just as he might not have noticed or even been responsible for the object knocked over near the victim.) 

The point here is that at least half the items in this test --constructed by the inventor of the GKT-- do not seem to have any more inherent emotional significance than an experimenter name. It could be argued that these ordinarily neutral objects which were related to a murder scenario would acquire emotional significance—impact-- because they were involved in a murder, but it could be countered that the murderer’s emotional state and focus on the victims would have diverted attention from other, inherently neutral objects in the crime scene. Moreover, it is obvious that none of these objects would have been rehearsed repeatedly in the context of an interaction with another human being, prior to the test, as was the case with our experimenter name. It is clear that in the case of some violent crimes, there may be an adequate number of salient facts available so as to allow development of several potent probes. However, many crimes are not violent and the only available details from which to construct probes may be details of innocuous incidental knowledge. Our experimenter name might be analogous to the name of the teller at a bank robbery. Moreover, Elaad, Ginton, and Jungman (1992) reported that in the field, it is difficult in general to find more than very few guilty knowledge items, even those lacking inherent affective valence. The present results suggest that such low-impact probes will lack P300-evoking potency, relative to meaningful, autobiographical information. 

 
It will take further study to deal conclusively with this issue of external validity. Perhaps a future experiment might compare detection of a more neutral item of autobiographical knowledge, such as the last four digits of the social security number, with detection of items of incidentally learned knowledge having greater emotional significance. We have recently reported (Rosenfeld, Shue, & Singer, 2004) that incidentally learned  mock crime details evoke much smaller P300s than autobiographical details, a result which is consistent with the present report. However in that study, the types of compared items could not be controlled (they were not all names). Ultimately, if the present data allow us to conclude that meaningful autobiographical information-- such as one’s name—may represent the most potent information for eliciting P300 in the context of a GKT, i.e., that this information is at the extreme of the impact dimension, then much incidental information less than or as potent as an experimenter name as used here will have less impact and be less detectable as concealed information.

4.3 Implications and explanations of findings regarding protocol: The second question posed in this study was the applied question of whether or not a two stimulus protocol with no response requirements on each trial would out-perform a three stimulus protocol in detecting deception. The superiority of the two stimulus protocol was expected on the basis of the simpler protocol’s fewer task demands: having two, rather than three stimuli to deal with, and requiring no responses except on occasional test trials. The actual results were unanticipated: in fact, the target presence and/or the response requirements in the target condition led to larger P300 amplitudes for both probes and irrelevants, and shorter latencies for probes. (Latencies for irrelevants were unexamined as their dubious P300s, especially in the no target group, were often impossible to specify.) As noted, since both probe and irrelevant P300 amplitudes were enhanced by the target condition, the differences between responses to these stimuli did not differ between groups (target conditions). This meant that detection rates did not differ appreciably between groups ; 90 vs. 82% for target and non-target, respectively, in the SUBJECT   blocks, and 40 vs. 64% for target and non-target respectively in the JULIE blocks. Both protocols performed respectably with high-impact, autobiographical information, and poorly with incidentally obtained, low-impact information of the same type. It may yet be possible to improve the simpler protocol once it is understood why the three stimulus protocol produces enhanced P300s.

There are at least three, non-mutually exclusive possible reasons why the target protocol leads to enhanced P300s: 

1) The requirement to make a response on each trial, and a unique response to the target may force greater overall attention or arousal on each trial in the three stimulus protocol. The shorter P300 probe latencies (suggesting more efficient stimulus processing; Duncan-Johnson, 1981), and larger irrelevant amplitudes in the target protocol are consistent with this hypothesis. Shorter RTs would have also been supportive, but this comparison was impossible in the present design due to the non-responding in the present non-target condition.  It is also the case that an anomalous dual task effect such as that reported by Kramer, Wickens, Vanesse, Heffley, and Donchin (1981) and suggested again by Rosenfeld, Reinhart, Bhatt,Ellwanger,Gora, Sekera, and Sweet, (1998) may have been operating : These workers reported that if a secondary task is embedded within a primary task, the secondary task then enhances, rather than, as usual, inhibits P300s evoked by oddballs in the primary oddball task. This effect was also thought to be mediated by the increase in attention to the oddball in the oddball task in consequence of attention (to all stimuli) demanded by the secondary task. 

A related way one might superficially conceptualize the P300-enhancing effect of response requirements (as in the immediately preceding material) was provided by Bennington and Polich (1999). With abstract, non-meaningful visual and auditory stimuli, this group demonstrated that an active task involving rare targets  and frequent non-targets elicited larger P300s than a passive task with the same stimuli, but with no response requirements. On deeper reflection, however, it is seen that in this situation, both active and passive tasks involved just two kinds of stimuli each, and it is difficult to generalize their effects to our active situation which had a third stimulus type. Also, there were no test trials in the passive group of the Bennington and Polich study, and indeed the subjects in their passive tasks were encouraged to daydream.

2) Although counterintuitive in view of the known inhibitory effect of increased workload on P300 amplitude, it may be the case that for unknown reasons apart from attention, the presence of more stimuli in the three stimulus paradigm is responsible for the larger P300s in the target condition. This latter effect seems most improbable, but in analyzing differences between the two present groups, one can identify only a few: the presence versus absence of the target and the target response requirement, the difference between numbers of irrelevant stimuli experienced (and possibly concomitant difference in subjective probe probability), and the presence vs. absence of test trials, which leads to a third possible explanation of the differences between groups anticipated above: 

3) It is possible that the occasional test trials in the two stimulus protocol were disruptive and produced a P300-reducing, task demand effect of their own. In support of this view, some non-target subjects volunteered that they continually rehearsed the stimulus on each trial, so that if the run was halted on any given trial, they would be ready with the right answer. This rehearsal could have become a secondary task, which would reduce P300 (Kramer et al., 1987).

`
It may be possible to deal with some of these issues in future studies: Regarding the target requirement, one could introduce a response requirement on each trial in a two stimulus protocol, without any explicit target requiring a unique response. The possible test trial effect would then be eliminated because attention would be guaranteed by the response requirement. This requirement could be as simple as asking subjects to repeat each stimulus aloud.
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Table 1: RTs (ms) in target group. (SD of difference in parentheses.)
STIMULUS TYPE
                        JULIE




SUBJECT

Probe (83.8)                                         547.7



            560.3

Target (40.6)



  598.7




634.5 *

Irrelevant (83.2)


  536.6




550.9

 * p<.03

Table 2: Detection rates with SIZE bootstrap test

BLOCK                                          TARGET                                          NO TARGET

SUBJECT


         9/10 (90%)


        9/11 (81.8%)

JULIE



         4/10 (40%)


        7/11 (63.6%)

FIGURE LEGEND:

Fig. 1: Grand average ERP waveforms for all sites, both target groups, and both oddball types. The target group data are in the lower half of the figure (below the dashed line) and the non-target group data are above the dashed line. The waveforms in the left column are for the JULIE or EXPERIMENTER NAME block, and those in the right column are for the SUBJECT NAME block.

Fig. 2: Calculated P300 variables plotted as functions of target group (target and no target) and block (JULIE/EXPERIMENTER NAME and SUBJECT NAME). A shows the probe-minus-irrelevant p-p amplitudes in µV, as in all amplitude plots here. B contains simple p-p probe amplitudes. C like B but for b-p P300 amplitudes. D P300 latencies in ms. The differing variables in A, B and C have different ranges and this determined the scale values shown. 
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