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The Guilty Knowledge Test (GKT) has been used
extensively to model deception. An association be-
tween the brain evoked response potentials and lying
on the GKT suggests that deception may be associated
with changes in other measures of brain activity such
as regional blood flow that could be anatomically lo-
calized with event-related functional magnetic reso-
nance imaging (fMRI). Blood oxygenation level-depen-
dent fMRI contrasts between deceptive and truthful
responses were measured with a 4 Tesla scanner in 18
participants performing the GKT and analyzed using
statistical parametric mapping. Increased activity in
the anterior cingulate cortex (ACC), the superior fron-
tal gyrus (SFG), and the left premotor, motor, and
anterior parietal cortex was specifically associated
with deceptive responses. The results indicate that: (a)
cognitive differences between deception and truth
have neural correlates detectable by fMRI, (b) inhibi-
tion of the truthful response may be a basic compo-
nent of intentional deception, and (c) ACC and SFG
are components of the basic neural circuitry for
deception. © 2002 Elsevier Science (USA)

Key Words: deception; lying; Guilty Knowledge Test;
anterior cingulate cortex; magnetic resonance imag-
ing; fMRI

INTRODUCTION

According to the traditional approach stemming
from Saint Augustine, deception of another individual
is intentional negation of subjective truth (Augustine,
1948). This concept suggests that inhibition of truthful
response is a prerequisite of intentional deception. De-
ception has major legal, political, and business impli-
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cations and there is a strong general interest in objec-
tive methods for its detection (Holden, 2001).

Multichannel physiological recording (polygraph) is
currently the most widely used method for the detec-
tion of deception (Office of Technology Assessment,
1990). The effectiveness of the polygraph in the study
and detection of deception is limited by reliance on
peripheral manifestations of anxiety (skin conduc-
tance, heart rate, and respiration) (Office of Technol-
ogy Assessment, 1983). Scalp-recorded event-related
potentials (ERPs) have also been used in the study of
deception. These series of voltage oscillations, which
reflect the neuronal activity associated with a sensory,
motor, or cognitive event, provide high temporal reso-
lution, but their source in the brain cannot be uniquely
localized (Hillyard and Anllo-Vento, 1998). The P-300
(P-3) wave of the ERP appears in response to rare,
meaningful stimuli with a 300- to 1000-ms latency
(Rosenfeld, 2001). Amplitude and latency of the P-3
have been associated with deception, suggesting that
the cognitive differences between lying and telling the
truth could be associated with changes in other corre-
lates of brain activity, such as regional cerebral flow
(rCBF) (Holden, 2001; Rosenfeld, 2001). Unlike the
ERP, the spatial resolution of blood oxygenation level-
dependent (BOLD) fMRI is sufficient to localize changes
in rCBF related to regional neuronal activity during cog-
nition (Chen, 1999). There have been no peer-reviewed
reports on the use of fMRI to study deception.

The Guilty Knowledge Test (GKT) is a method of
polygraph interrogation that facilitates psychophysio-
logical detection of prior knowledge of crime details
that would be known only to a suspect involved in the
crime (Lykken, 1991; Elaad et al., 1992). The GKT has
been adapted to model deception in psychophysiologi-
cal (Furedy and Ben-Shakhar, 1991; Furedy et al.,
1994; Elaad and Ben-Shakhar, 1997) and ERP re-
search (Rosenfeld et al., 1988; Farwell and Donchin,
1991; Allen et al., 1992). In a typical laboratory GKT,
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the subject is instructed to answer “No” in response to
a series of questions or statements, the answer to some
of which is known to be “Yes” to both the investigator
and the participant; however, the participant may be
unaware of investigator’s knowledge. An important
distinction between the forensic and the laboratory
GKT is that in the latter, the deception is endorsed by
the investigator (Furedy and Ben-Shakhar, 1991).
While still conforming to the Augustinian definition,
such simulated deception may not be perceived by the
participant as an immoral act and is less likely to
invoke guilt or anxiety than the forensic version.

Since deception-induced mood and somatic states
may vary across individuals, a search for a marker of
deception independent of anxiety or guilt is justified.
We hypothesized that regional brain activity elicited by
the inhibition of the truth response during intentional
deception could serve as such a marker. Our specific

hypotheses were: (1) The difference in brain activity
between lying and telling the truth on the GKT can be
detected and localized with BOLD fMRI. (2) In normal
adults, the GKT would activate parts of the cingulate and
prefrontal cortex associated with response inhibition.

METHODS

Twenty-three healthy right-handed participants (11
men and 12 women) ages 22 to 50 years (average 32),
education 12–20 years (average 16), were recruited
from the University of Pennsylvania community. Par-
ticipants were screened with Symptom Checklist-90—
Revised (SCL-90-R) and a DSM-IV-based interview be-
fore the scan and questioned about symptoms of
anxiety they had during and after the scan [(Derogatis
et al., 1976) SCL-90-R items 2, 4, 12, 17, 23, 31, 39, 55,
57, 72, 78].

FIG. 1. A segment from the computerized GKT adapted for event-related fMRI. Each “Truth” (2 of Hearts), “Lie” (5 of Clubs), and
“Control” (10 of Spades) was presented 16 times, each Non-Target card—twice. Stimulus presentation time was 3 s, interstimulus interval—
12 s, total number of presentations—88. Order of presentation was pseudorandom (randomly predetermined).

FIG. 2. SPM{t} map projected over standard MRI template demonstrating significant increase in BOLD fMRI signal after Lie compared
with Truth in the ACC, the medial right SFG, the border of the left prefrontal cortex, the left dorsal premotor cortex, and the left anterior
parietal cortex.
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We adapted the “high-motivation” version of the
GKT described by Furedy and Ben-Shakhar (1991) as
follows: (1) Instead of handmade cards with written
numbers, we used numbered playing cards (Fig. 1), (2)
We added two non-salient card types to ensure alert-
ness and attention and to control for the effect of rep-
etition of the salient cards. The need for the multiple
repetition of the salient stimuli and thus a special
effort to maintain participants’ alertness was dictated
by the event-related fMRI paradigm design (Aguirre,
1999). Four categories of cards were used: 5 of Clubs
(“Lie”), 11 different numbered playing cards (“Non-
Target”), 2 of Hearts (“Truth”), and 10 of Spades (“Con-
trol”). The Lie, Nontarget, and Truth cards carried the
question: “Do you have this card?” The Control was
accompanied by a question “Is this the 10 of spades?”
The Control forced the participants to read the ques-
tions on top of all cards, rather than give an indiscrim-
inate “No” response. The Non-Target introduced an
appearance of randomness and reduced habituation
and boredom that is expected if only three cards were
repeatedly presented over 22 min. Truth was pre-
sented the same number of times as Lie to control for
the effect of repetition (habituation).

Participants were told that if they lied about any
card other than the one hidden in their pocket the
reward would be forfeited. This amounted to endorsing
the truth about not having the Non-Target and Truth
cards, denying the truth (lying) about not having the
Lie card, and endorsing the truth about the Control
being the 10 of Spades. Lie, Truth, and Control were
presented 16 times and each Non-Target was pre-
sented only twice, for a total of 88 stimuli. A random
numbers generator was used to order the stimuli,
which were presented for 3 s each. The interstimulus
interval was 12 s (Aguirre, 1999), and thus the entire
session lasted 1320 s (22 min).

PowerLab software (Chute, 1996) (MacLaboratory,
Inc., Devon, PA) was used to assemble the GKT from
scanned images of selected numbered playing cards
and add-on graphics (Fig. 1). All participants were
familiar with card games but had no history of problem
gambling. Participants were asked to pick one of three
sealed envelopes, all of which contained a $20 bill and
a 5 of Clubs playing card. Participants did not know
that all envelopes held the same contents. Participants
were asked to secretly open the envelope, memorize the
card, put it back in the envelope, and hide it in their
pocket. Participants were told that they would be able
to keep the $20 if they succeeded in concealing the
identity of their card from a “computer” that would
administer the GKT and analyze their brain activity
during the MRI session. Participants were then posi-
tioned in a 4 Tesla MRI scanner (GE Signa), equipped
for echo-planar imaging. An Apple computer running
PowerLab and interfaced with a video projector was used
to back-project the GKT onto a screen at the participants’

feet, visible through a mirror inside the radiofrequency
head coil. “Yes” or “No” responses were made with a
right-thumb press on a two-button fiber-optic response
pad (Current Designs, Philadelphia, PA). Responses
were fed back to the Apple computer and recorded by
the PowerLab. Image acquisition was synchronized
with stimuli presentation in an event-related fashion.

Sagittal T1-weighted localizer and a T1-weighted ac-
quisition of the entire brain were performed in the
axial plane (24 cm FOV, 256 3 256 matrix, 3-mm slice
thickness). This sequence was used both for anatomic
overlays of the functional data and spatial normaliza-
tion of the data sets to a standard atlas. Functional
imaging was performed in the axial plane using mul-
tislice gradient-echo echo-planar imaging with a field
of view of 24 (frequency) 3 15 (phase) and acquisition
matrix of 64 3 40 (21 slices, 5 mm thickness, no skip,
TR 5 3000, TE 5 40, and effective voxel resolution of
3.75 3 3.75 3 4 mm). The fMRI raw echo amplitudes
were saved and transferred to a Sun Ultrasparc 10
(Sun Microsystems, Mountain View, CA) for offline
reconstruction. Correction for image distortion and al-
ternate k-space line errors on each image was based on
the data acquired during phase-encoded reference im-
aging (Alsop, 1995).

Statistical analysis was performed with SPM99
(Wellcome Department of Cognitive Neurology, UK)
(Friston et al., 1995a,b) implemented in Matlab (The
Mathworks, Inc., Sherborn, MA), with an IDL (Re-
search Systems, Inc., Boulder, CO) interface developed
in-house. The T1-weighted images were normalized to
a standard atlas (Talairach, 1988) within SPM99.
Slice-acquisition timing correction was performed on
the functional data using sync interpolation. Func-
tional data sets were then motion corrected within
SPM99 using the first image as the reference. Func-
tional data sets were normalized to Talairach space
using image header information to determine the 16-
parameter affine transform between the data sets and
the T1-weighted images (Maldjian et al., 1997), in com-
bination with the transform computed within SPM99
for the T1-weighted anatomic images in Talairach
space. The normalized data sets were resampled to 4 3
4 3 4 mm within Talairach space using sync interpo-
lation. The data sets were smoothed using a 12 3 12 3
12-mm full width at half-maximum Gaussian smooth-
ing kernel. For the statistical parametric mapping
(SPM) analysis, a canonical hemodynamic response
function with time and dispersion derivatives was em-
ployed as a basis function, with proportional scaling of
the image means. Temporal smoothing, detrending,
and high pass filtering were performed as part of the
SPM analysis. SPM projection maps (SPMs) were gen-
erated using the general linear model (GLM) within
SPM99. Within-subject contrasts between GLM re-
gression coefficients were generated within SPM99
for the main contrast: “Lie vs Truth.” A second-level
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analysis was performed to generate group SPMs using
a random-effects model within SPM99 with the indi-
vidual contrast maps (Holmes, 1988). The resulting
SPM{t} map was transformed to the unit normal dis-
tribution SPM{Z} and thresholded at a P , 0.01, cor-
rected for spatial extent (P , 0.05), using the theory of
Gaussian fields as implemented in SPM99. Anatomic
regions were automatically defined using a digital MRI
atlas (Kikinis, 1996), which we had previously normal-
ized to the same SPM99 Talairach template for use
with our fMRI data. The resultant thresholded SPM
was overlaid on a standard T1 template with MEDx
(MEDx 3.3; Sensor Systems, Inc., Sterling, VA) soft-
ware. Subjects were excluded from analysis if they
made more than two errors responding to the Truth or
Lie stimulus or more than three errors total on the
GKT. Participants were also excluded from analysis if
their individual Z maps contained nonanatomical cur-
vilinear change in Z values, indicating a motion arti-
fact (Hajnal et al., 1994). Montreal Neurological Insti-
tute coordinates (SPM99 output) were converted into
stereotactic Talairach coordinates using a nonlinear
transform (Duncan et al., 2000) and anatomical and
Brodmann areas (BA) determined from the Talairach
atlas (Talairach, 1988). Within SPM99, a “contrast”
between condition A and condition B returns only pos-
itive differences (an increase); to detect a decrease a
reversed subtraction (B minus A) is performed.

RESULTS

Excluded Participants

Four participants were excluded because of motion
artifact (see Methods) and one—because of a 100%
error rate on the GKT. The final number of partici-
pants included in the analysis was 18.

GKT Performance

Correct response rate was 97 to 100%. In a total of 88
trials, nine participants made no errors, four made one

error, three made two errors, and two made three
errors. None made more than two errors on the Lie,
Truth, or Control cards.

Imaging Data

In the “Lie vs Truth” contrast (Table 1, Fig. 2), there
are two clusters of significant BOLD signal increase.
The first is a 146-voxel cluster extending from the left
anterior cingulate gyrus (ACC) to the medial aspect of
the right superior frontal gyrus (SFG), including BA
24, 32, and 8. The second is a 91-voxel cluster, U-
shaped along the craniocaudal axis, extending from the
border of the prefrontal to the dorsal premotor cortex
(BA 6 bordering on BA 3 and 4) and also involving the
anterior parietal cortex from the central sulcus to the
lower bank of the intraparietal sulcus (BA 1–3 to the
edge of BA 40). There were no regions with significant
signal decrease.

Anxiety

All participants denied symptoms of anxiety during
or after the scan.

DISCUSSION

ACC and dorsolateral prefrontal cortex (DLPFC) ac-
tivation has been reported in executive function tasks
involving inhibition of a “prepotent” (e.g., basic) re-
sponse, divided attention, or novel and open-ended re-
sponses (Carter et al., 1998). Recent fMRI studies ma-
nipulating the Stroop task, a response inhibition
paradigm, have narrowed the role of the ACC to mon-
itoring the conflicting response tendencies and showed
that the degree of right ACC activation is proportional
to the degree of response conflict and inversely related
to the left DLPFC activation (Carter et al., 2000; Mac-
Donald et al., 2000). Increased activation of the right
ACC but not the DLPFC during the Lie response sug-
gests that a conflict with the prepotent response
(Truth) and eventually its inhibition are taking place.

TABLE 1

Talairach Coordinates, Gyrus (Talairach, 1988) and Brodmann Area (BA) Locations of the Peaks of Activity within
Clusters (Fig. 2) of Significant fMRI Signal Differences between Lie and Truth Conditions

Cluster
size

(voxels) Z

Talairach coordinates

BA Gyrusx y z

146 3.8 21 16 29 24;32 Anterior cingulate
— 3.17 3 28 43 6;8 Right superior frontal
— 3.15 0 24 52 8 Superior frontal

91 3.58 257 223 41 1;2;3;40 Left postcentral
— 3.40 254 215 38 3;4;6 Left pre- and postcentral
— 3.19 250 23 49 6 Left precentral

Note. Voxel level threshold T 5 2.57, P , 0.001 uncorrected and 0.05 corrected for multiple comparisons, spatial extent threshold .80
voxels. Bold numbers correspond to a global peak of the cluster, italic—to local peaks within same contiguous cluster.
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Differential activation during the Lie also included
the aspect of the right SFG (BA 8) contiguous with the
ACC, suggesting their functional continuity during the
GKT deception (Koski and Paus, 2000). Primate stud-
ies have demonstrated rich projections between the BA
8 and the ACC as well as the inhibitory role of BA 8 in
previously learned forelimb movements (Oishi and
Kubota, 1990; Bates and Goldman-Rakic, 1993). In-
creased activity at the junction of the left dorsal pre-
motor and prefrontal cortices and the anterior parietal
cortex may be related to increased demand for motor
control directing right thumb to the appropriate re-
sponse button during the Lie button press. We specu-
late that this increase in activation reflects additional
effort needed to “overcome” the inhibited true re-
sponse. This hypothesis could be tested in future stud-
ies by systematically varying side, and perhaps modal-
ity, of response. While we found brain regions that
were more active during Lie than Truth, there were no
regions more active during Truth than Lie, suggesting
that Truth is the baseline cognitive state.

Our version of the GKT was intended to minimize
anxiety response, while maintaining the motivation to
deceive with modest positive reinforcement. We did not
find activation of the regions frequently associated
with positive skin conductance response, anxiety, or
emotion (orbitofrontal cortex, lingual and fusiform gy-
rus, cerebellum, insula, and amygdala) and our partic-
ipants had no subjective anxiety during the GKT (Gur
et al., 1987; Chua et al., 1999; Critchley et al., 2000).
Thus, ACC activation during deception is probably not
a correlate of anxiety. However, because parts of the
ACC may be involved in emotional information pro-
cessing, our data do not definitively exclude anxiety or
emotion-related activation (Whalen et al., 1998). SFG
activation has been associated with orientation to the
contralateral field induced by cognitive activity (Gur et
al., 1983) and its occurrence on the right is consistent
with the association of right anterior activity with
avoidance and negative affect (Davidson et al., 1990).

The study has a number of limitations stemming
from paradigm design and the constraints imposed by
the MRI environment. First, under “field” conditions,
deception involves elements of choice and more ele-
ments of risk and emotion than is the case in our task.
Supplementing the GKT with a paradigm that allows
the participant a choice in manipulating risk could
reveal additional regions of deception-specific activa-
tion, such as the orbitofrontal cortex (Bechara et al.,
2000). Because a susceptibility artifact limits BOLD
fMRI imaging of the orbitofrontal cortex, alternative
imaging sequences may be necessary. Second, the 12-s
intertrial interval of the event-related design limited
the number of stimuli in a single session and thus the
statistical power. The repetition of the Lie and Truth
stimuli was necessary to amplify the inherently low
power of event-related BOLD fMRI paradigms (Agu-

irre, 1999). Using polygraph, Elaad reported no decline
in the accuracy of detection of deception with repetitive
GKT stimuli (Elaad and Ben-Shakhar, 1997). Our GKT
was controlled for both habituation and the “oddball”
effect by equal repetition of all stimuli included in the
analysis (Control, Lie, Truth). A modified event-related
paradigm with faster stimuli presentation rate and
variable intertrial interval (“jitter”) could allow a re-
duction in repetition of salient stimuli (Burock et al.,
1998). Third, the Truth and Lie cards (Fig. 1) differed
in both suit and number. Shape and color discrimina-
tion have been associated with parietal and occipital
but not cingulate activation, making the graphic dif-
ferences between the Truth and the Lie cards unlikely
causes of ACC activation (Farah and Aguirre, 1999).
Replication of our findings with a GKT using playing
cards that differ in number only or simple numbered
cards could resolve this question. Finally, our MRI
data have not been correlated with ERP or polygraph
recordings. Simultaneous ERP and MRI recording is
hampered by the strong magnetic field and is a focus of
current research (Goldman et al., 2000). We did not use
polygraphy during MRI because of its limited reliabil-
ity (Office of Technology Assessment, 1990).

CONCLUSION

This report demonstrates a within-group difference
between lying and telling the truth using event-related
fMRI and the GKT model of deception. This finding
indicates that there is a neurophysiological difference
between deception and truth at the brain activation
level that can be detected with fMRI. The anatomical
distribution of deception-related activation indicates
that deception involves conflict with, and suppression
of, the prepotent (truthful) response. Further refine-
ments of the paradigm design and image analysis
methodology could increase the salience and the sta-
tistical power of the simulated deception paradigms
and establish an activation pattern predictive of decep-
tion on an individual level.
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moraux, pp. 244–245. de Brouwer, Paris.

Bates, J. F., and Goldman-Rakic, P. S. 1993. Prefrontal connections
of medial motor areas in the rhesus monkey. J. Comp. Neurol. 336:
211–228.

Bechara, A., Damasio, H., and Damasio, A. R. 2000. Emotion, decision
making and the orbitofrontal cortex. Cereb. Cortex 10: 295–307.

Burock, M. A., Buckner, R. L., Woldorff, M. G., Rosen, B. R., and
Dale, A. M. 1998. Randomized event-related experimental designs
allow for extremely rapid presentation rates using functional MRI.
NeuroReport 9: 3735–3739.

Carter, C. S., Braver, T. S., Barch, D. M., Botvinick, M. M., Noll, D.,
and Cohen, J. D. 1998. Anterior cingulate cortex, error detection,
and the online monitoring of performance. Science 280: 747–749.

Carter, C. S., Macdonald, A. M., Botvinick, M., Ross, L. L., Stenger,
V. A., Noll, D., and Cohen, J. D. 2000. Parsing executive processes:
Strategic vs. evaluative functions of the anterior cingulate cortex.
Proc. Natl. Acad. Sci. USA 97: 1944–1948.

Chen, W., and Ogawa, S. 1999. Principle of BOLD–functional fMRI.
In Functional MR (B. P. Moonen and C.T.W., Eds.), pp. 103–114.
Springer-Verlag, New York.

Chua, P., Krams, M., Toni, I., Passingham, R., and Dolan, R. 1999. A
functional anatomy of anticipatory anxiety. NeuroImage 9: 563–571.

Chute, D. L., and W, R. F. 1996. Fifth generation research tools:
Collaborative development with PowerLaboratory. Behav. Res.
Methods Instruments Comput. 28: 311–314.

Critchley, H. D., Elliott, R., Mathias, C. J., and Dolan, R. J. 2000.
Neural activity relating to generation and representation of gal-
vanic skin conductance responses: A functional magnetic reso-
nance imaging study. J. Neurosci. 20: 3033–3040.

Davidson, R. J., Ekman, P., Saron, C. D., Senulis, J. A., and Friesen,
W. V. 1990. Approach–withdrawal and cerebral asymmetry: Emo-
tional expression and brain physiology. I. J. Pers. Soc. Psychol. 58:
330–341.

Derogatis, L. R., Rickels, K., and Rock, A. F. 1976. The SCL-90 and
the MMPI: A step in the validation of a new self-report scale. Br. J.
Psychiatry 128: 280–289.

Duncan, J., Seitz, R. J., Kolodny, J., Bor, D., Herzog, H., Ahmed, A.,
Newell, F. N., and Emslie, H. 2000. A neural basis for general
intelligence. Science 289: 457–460.

Elaad, E., and Ben-Shakhar, G. 1997. Effects of item repetitions and
variations on the efficiency of the guilty knowledge test. Psycho-
physiology 34: 587–596.

Elaad, E., Ginton, A., and Jungman, N. 1992. Detection measures in
real-life criminal guilty knowledge tests. J. Appl. Psychol. 77:
757–767.

Farah, M. J., and Aguirre, G. K. 1999. Imaging visual recognition:
PET and fMRI studies of the functional anatomy of human visual
recognition. Trends Cognit. Sci. 3: 179–186.

Farwell, L. A., and Donchin, E. 1991. The truth will out: Interroga-
tive polygraphy (“lie detection”) with event-related brain poten-
tials. Psychophysiology 28: 531–547.

Friston, K., Ashburner, J., Poline, J., Frith, C., Heather, J., and
Frackowiak, R. 1995a. Spatial registration and normalization of
images. Hum. Brain Mapping 2: 165–189.

Friston, K., Holmes, A., Worsley, K., Poline, J., Frith, C., and Frack-
owiak, R. 1995b. Statistical parametric maps in functional imag-
ing: A general linear approach. Hum. Brain Mapping 2: 189–210.

Furedy, J. J., and Ben-Shakhar, G. 1991. The roles of deception,
intention to deceive, and motivation to avoid detection in the

psychophysiological detection of guilty knowledge. Psychophysiol-
ogy 28: 163–171.

Furedy, J. J., Gigliotti, F., and Ben-Shakhar, G. 1994. Electrodermal
differentiation of deception: The effect of choice versus no choice of
deceptive items. Int. J. Psychophysiol. 18: 13–22.

Goldman, R. I., Stern, J. M., Engel, J., Jr., and Cohen, M. S. 2000.
Acquiring simultaneous EEG and functional MRI. Clin. Neuro-
physiol. 111: 1974–1980.

Gur, R. C., Gur, R. E., Resnick, S. M., Skolnick, B. E., Alavi, A., and
Reivich, M. 1987. The effect of anxiety on cortical cerebral blood
flow and metabolism. J. Cereb. Blood Flow Metab. 7: 173–177.

Gur, R. C., Gur, R. E., Rosen, A. D., Warach, S., Alavi, A., Greenberg,
J., and Reivich, M. 1983. A cognitive-motor network demonstrated
by positron emission tomography. Neuropsychologia 21: 601–606.

Hajnal, J. V., Myers, R., Oatridge, A., Schwieso, J. E., Young, I. R.,
and Bydder, G. M. 1994. Artifacts due to stimulus correlated
motion in functional imaging of the brain. Magn. Reson. Med. 31:
283–291.

Hillyard, S. A., and Anllo-Vento, L. 1998. Event-related brain poten-
tials in the study of visual selective attention. Proc. Natl. Acad.
Sci. USA 95: 781–787.

Holden, C. 2001. Polygraph screening. Panel seeks truth in lie de-
tector debate. Science 291: 967.

Holmes, A., and Friston, K. 1988. Generalisability, 1988: Random
effects and population inference. NeuroImage 7: S754.

Kikinis, R., Shenton, M., Iosifescu, D., McCarley, R. W., Saiviroon-
porn, P., et al. 1996. A digital brain atlas for surgical planning,
model driven segmentation and teaching. IEEE Trans. Visualiza-
tion Comput. Graph. 2: 2223–2241.

Koski, L., and Paus, T. 2000. Functional connectivity of the anterior
cingulate cortex within the human frontal lobe: A brain-mapping
meta-analysis. Exp. Brain Res. 133: 55–65.

Lykken, D. T. 1991. Why (some) Americans believe in the lie detector
while others believe in the guilty knowledge test. Integr. Physiol.
Behav. Sci. 26: 214–222.

MacDonald, A. W., 3rd, Cohen, J. D., Stenger, V. A., and Carter, C. S.
2000. Dissociating the role of the dorsolateral prefrontal and anterior
cingulate cortex in cognitive control. Science 288: 1835–1838.

Maldjian, J. A., Schulder, M., Liu, W. C., Mun, I. K., Hirschorn, D.,
Murthy, R., Carmel, P., and Kalnin, A. 1997. Intraoperative func-
tional MRI using a real-time neurosurgical navigation system.
J. Comput. Assisted Tomogr. 21: 910–912.

Office of Technology Assessment 1983. Scientific validity of poly-
graph testing: A research review and evaluation–A technical mem-
orandum. U.S. Office of Technology Assessment, Washington, DC.

Office of Technology Assessment 1990. The use of integrity tests for
pre-employment screening. U.S. Office of Technology Assessment,
Washington, DC.

Oishi, T., and Kubota, K. 1990. Disinhibition in the monkey prefron-
tal cortex, by injecting bicuculline, induces forelimb movements
learned in a GO/NO-GO task. Neurosci. Res. 8: 202–209.

Rosenfeld, J. P. 2001. Event-related potentials in detection of decep-
tion. In Handbook of Polygraphy (M. Kleiner, Ed.), pp. 265–286.
Academic Press, New York.

Rosenfeld, J. P., Cantwell, B., Nasman, V. T., Wojdac, V., Ivanov, S.,
and Mazzeri, L. 1988. A modified, event-related potential-based
guilty knowledge test. Int. J. Neurosci. 42: 157–161.

Talairach, J., and Tournoux, P. 1988. Co-planar Sterotaxic Atlas of
the Human Brain. 3-Dimensional Proportional System: An Ap-
proach to Cerebral Imaging. Thieme, New York.

Whalen, P. J., Bush, G., McNally, R. J., Wilhelm, S., McInerney, S. C.,
Jenike, M. A., and Rauch, S. L. 1998. The emotional counting Stroop
paradigm: A functional magnetic resonance imaging probe of the
anterior cingulate affective division. Biol. Psychiatry 44: 1219–1228.

732 RAPID COMMUNICATION


	INTRODUCTION
	METHODS
	FIG. 1
	FIG. 2
	TABLE 1

	RESULTS
	DISCUSSION
	CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES

