We hypothesized that specific brain regions would
activate during deception, and these areas would
correlate with changes in electrodermal activity
(EDA). Eight men were asked to find money hid-
den under various objects. While functional MRI
images were acquired and EDA was recorded, the
subjects gave both truthful and deceptive answers
regarding the money’s location. The group analy-
sis revealed significant activation during decep-
tion in the orbitofrontal cortex (OFCx) and ante-
rior cingulate (AC), but individual results were
not consistent. Individually and as a group, EDA
correlated with blood flow changes in the OFCx
and AC. Specific brain regions were activated
during deception, but the present technique lacks
good predictive power for individuals.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2004; 16:295-305)

J Neuropsychiatry Clin Neurosci 16:3, Summer 2004

A Pilot Study of
Functional Magnetic
Resonance Imaging Brain
Correlates of Deception
in Healthy Young Men

F. Andrew Kozel, M.D.

Letty J. Revell, B.S.

Jeffrey P. Lorberbaum, M.D.
Ananda Shastri, Ph.D.

Jon D. Elhai, Ph.D.

Michael David Horner, Ph.D.
Adam Smith

Ziad Nahas, M.D.

Daryl E. Bohning, Ph.D.
Mark S. George, M.D

Deception is a common human practice and is not
always pathologic or self-serving. People often
mislead others to gain an advantage or to protect them-
selves or others. Since there are multiple forms of de-
ception, we restricted the definition for this paper to
“the purposeful misleading of another.” In addition, de-
ception is a prominent feature of a number of medical
conditions, including antisocial personality disorder,
malingering, factitious disorders, and addiction disor-
ders.! A better understanding of the brain regions in-
volved in deception might help understand the brain
basis of these neuropsychiatric disorders.

Because of the prevalence of deception, there are
many legal, political, and industrial settings where so-
ciety could benefit from its accurate detection. Since an-
tiquity, people have sought to accurately detect decep-
tion.? The development of equipment to measure
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psychophysiologic functions enabled investigators in
the late 19" century to study the peripheral physiologic
changes that were associated with deception. This led to
the development of more sophisticated peripheral mea-
suring techniques and data analysis, including the poly-
graph.?

The present day polygraph records electrodermal skin
conductance, blood pressure changes, respiration, and
peripheral vasomotor activity. Although there are a
number of different testing techniques that use the poly-
graph, they all examine the autonomic response to rele-
vant versus irrelevant questions. A greater autonomic
response to the relevant questions versus the irrelevant
or control questions is interpreted as an attempt to de-
ceive.? In recent years, the polygraph has been used ex-
tensively to evaluate deception. The polygraph, how-
ever, has several significant limitations, including the
ability of persons being tested to develop countermea-
sures.*> Another fundamental problem with the poly-
graph is that it measures non-specific peripheral
changes in arousal and not deception itself.® The pre-
dictive value of the polygraph has been found to be poor
in many screening and investigative situations,” and the
scientific evidence regarding the polygraph’s validity is
significantly lacking.® Further, there is a dearth of
knowledge regarding the neurobiologic basis of the
polygraph. Interestingly, despite its unproven ability,
the polygraph continues to be used in job screening and
criminal investigations.

Some other techniques have been investigated to pre-
dict deception—all of which use peripheral measures.
These include measuring pupillary size response to vi-
sual stimuli that are mock crime scene related,’ using
voice analysis, facial and hand movement cues to iden-
tify subjects who are lying or being truthful,'® observing
verbal cues to detect a true life tale versus a fabricated
one,'! attempting to detect deception in and out of hyp-
nosis,'? and using high-definition thermal imaging tech-
niques to detect periorbital changes in people trying to
deceive.” One of the few methods to measure actual
brain activity to detect deception involves examining
the amplitude of the P300 component of event-related
brain potentials.'* Even if it proves effective, however,
this technique has limited utility since it is only appli-
cable when attempting to detect guilty knowledge.
These various techniques have been employed with
variable success in several types of deception. Better
methods directly measuring brain activity are needed.

Over the past decade, researchers using functional
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MRI and positron emission tomography (PET) have suc-
cessfully delineated the brain changes involved in re-
sponse inhibition (Go/No-Go),"” divided attention (the
Stroop Task),'*'”'® anxiety,'** emotion-related learning
with reward and punishment,?' and differentiating com-
ponents of cognitive control such as performance moni-
toring.”* Although these cognitive and emotional pro-
cesses may or may not be involved with deception, these
studies do provide a reasonable expectation that func-
tional MRl in its current use is sensitive enough to detect
brain changes involved with deception. In addition, our
lab and others® have recently developed the expertise
to acquire electrodermal activity (an important compo-
nent of polygraphs) during functional magnetic reso-
nance imaging (fMRI) scanning.**

To our knowledge, no neuroimaging studies to detect
deception had appeared in the literature when we began
this work. Several related studies, however, have oc-
curred since the publication of our initial abstract.*>?*
Spence et al. used questions regarding recent memories
and found that incorrect (deceptive) answers resulted in
significant activation of the bilateral ventrolateral pre-
frontal cortices.”” Another group using playing cards
and a guilty knowledge paradigm found significant ac-
tivation in the anterior cingulate cortex, superior frontal
gyrus, and left motor, premotor and anterior parietal
cortex.?® A third group used pairs of subjects with one
of the subjects periodically giving deceptive information
to his/her partner while being scanned. During the de-
ceptive time periods, they found increased activity in
the bilateral lateral prefrontal and premotor cortices, the
left parietal cortex and bilateral precuneus.”” The diver-
sity in paradigms makes any conclusions very difficult.
None of these studies, however, have employed the
combination of measures used in this study: blood ox-
ygen level dependent (BOLD), fMRI and electrodermal
activity (EDA). We began this work with the idea that
with a better understanding of the neural circuitry in-
volved during deception; more accurate detection of de-
ception might be achieved. Functional brain imaging
has the potential to identify brain regions specific to de-
ception and not just measure arousal. In addition, iden-
tifying specific brain abnormalities present in psychiat-
ric disorders in which deception is prominent may result
in better evaluations and more effective treatments for
these disorders.

Since we did not have any prior studies on which to
base our predictions, we chose cognitive and emotional
processes that we thought might be involved with de-
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ception. Using BOLD fMRI, we tested whether brain re-
gions activated during response inhibition (related to
the orbitofrontal cortex (OFCx),'® divided attention (in-
volving the anterior cingulate (AC),'*'”'® and anxiety
(involving the amygdala)'® were activated during an act
of deception. We investigated the brain changes initially
as a group and then for individuals. In order to inves-
tigate the correlates of brain activation and psycho-
physiologic parameters during deception, we investi-
gated the relationship between EDA (a primary
component in polygraph) and BOLD-fMRI signal
changes. We hypothesized that the same brain regions
activated during deception (OFCx, AC, amygdala)
would also correlate with EDA changes.

Methods

Subjects

Ten healthy adults (8 men, 2 women) were recruited and
consented for the study, which was approved by the
Medical University of South Carolina Investigational
Review Board. One woman we scanned had a variation
in her exposure paradigm. Thus, we chose not to include
the other woman and restrict our analysis to a single
gender. Subjects were required to be 18 to 40 years old
and right-handed and score at least 9 out of 12 on the
Annett Handedness Rating Scale.”® They also had to be
able to read and write English and possess the capacity
to provide informed consent. Potential subjects were ex-
cluded if they had a history of any current or past Axis
I Psychiatric Disorder (except simple phobia), including
substance abuse/dependence as determined by the
Structured Clinical Interview for DSM-IV Axis I Disor-
ders (SCID-I), a history of neurologic disease, a currently
unstable medical condition, any psychotropic medica-
tion taken within 5 half-lives of procedure time, caffein-
ism, nicotine use, any metal implants (not including
dental fillings) making an MRI unsafe, irremovable
medical devices such as pacemakers or fixed hearing
aids, presence of shrapnel, previous inability to tolerate
MRI procedure, or claustrophobia severe enough to in-
duce substantial anxiety in closed spaces.

Procedure

After written consent was obtained, subjects were eval-
uated with SCID and Annett Handedness scales.”® The
subjects underwent a physical exam and review of cur-
rent and past medical history.
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On a subsequent visit, the subjects were escorted to
two rooms: one was referred to as the truth room and
the other the deception room. The order was random-
ized with one-half of the subjects going to the truth room
first and the other half going to the deception room first.
Within each room, subjects were instructed to find un-
der which of five objects a fifty-dollar bill was hidden.
They were to remember the location of the money and
leave it in place. The subjects were then placed in the
MRI scanner with goggles to view pictures of objects in
the truth and deception rooms. Electrodermal electrodes
were attached to the left hand, and the data (sampling
rate 100 per second) were recorded using LabView 5.0.1
on a G4 Macintosh (For details see Shastri, 2001).

The images were acquired using a Picker Edge 1.5T
MRI scanner equipped with an actively shielded magnet
and high performance whole-body gradients (27 mT /m,
72 T/m-sec). A 15-slice TE20 structural scan was ob-
tained to evaluate structural pathology. The BOLD fMRI
consisted of 15 coplanar axial slices covering the entire
brain and positioned parallel to the anterior commis-
sure-posterior commissure line using a sagittal scoutim-
age. Each fMRI volume consisted of BOLD weighted ax-
ial scans and used an asymmetric-spin gradient echo,
echo-planar (EPI) fMRI sequence (tip angle =90° TE 45.0
ms; TR 3000 ms; fifteen 8 mm thick / 0 mm gap axial
slices; FOV 300 X 300 mm; in-plane resolution 2.109 X
2.109 mm; through-plane resolution 8 mm; frequency
selective fat suppression). Given these parameters, for
the fMRI, a set of fifteen 8 mm thick / 0 mm gap axial
slices covering the entire brain was obtained every 3 sec-
onds.

While the BOLD fMRI scans were being acquired, a
modified Control Question Test paradigm was utilized
and required subjects to give both truthful and deceitful
answers about the location of the money. Through video
goggles connected to a computer, the subjects were
shown prompt screens and then pictures of the objects
in the rooms where the money had been hidden (Figure
1). If the subjects first looked in the truth room, then they
were shown only the truth room objects first and then
the deception room objects and vice versa if subjects
were first shown the deception room. There were five
objects in each room (ten unique objects in all), and the
objects were each shown one time in a block for a total
of four blocks per room. (Table 1) The order of the ob-
jects was randomized within each block. Before the pic-
ture of the first object and between the pictures of every
object in the room, a prompt screen was displayed that
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reminded the subjects of the instructions. The object and
the prompt were each displayed for 10.2 seconds. Sub-
jects were instructed to raise either one (yes) or two (no)
fingers to answer the question of whether the money
was hidden under an object as soon as the object was

FIGURE 1. Prompt Screen and Image Screen That Were
Presented to the Subjects. The Prompt Screen Always
Preceded the Image Screen. The Prompt Screen
Reminded the Subject of Which Room the Image
Being Displayed Was From and How to Respond
Affirmatively or Negatively. The Image Screen
Showed One of the Ten Objects (Five for Each Room)
That Might Have Had Money Under It With a
Reminder of How to Respond. The Hat Had Money
Placed Under It and Was in the Deception Room.
Subjects Seeing This Image Would Respond by
Holding Up Two Fingers—Attempting to Deceive the
“Blinded” Examiner.

Prompt Displayed

Deception Room

Is the money
under the
next object?
NO

YES
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visually displayed in the goggles. This was monitored
and recorded by an observer (LR).

For the truth room, subjects were instructed to accu-
rately report the location of the money by holding up
the right index finger (one finger) when they were
shown an object under which the money had been hid-
den. This would be the “control” with which the decep-
tive answers would be compared. This controls for the
potential confounds of brain changes associated with
simply seeing an object that had money under it. They
were instructed to raise the right index and middle fin-
ger (two fingers) when shown an object under which
the money was not hidden.

For the deception room, they were instructed to
choose an object that did not have money hidden under
it and respond affirmatively (right index finger), in effect
creating a positive lie about the money location. They
were also asked to respond negatively (right index and
middle finger) to all other objects shown. They were
thus consistently lying when the object with money hid-
den under it was shown (a hat). The money was hidden
under the same object for all subjects. Subjects were told
that a blinded investigator (to order of rooms visited
and location of the money) would attempt to determine
when they were lying by observing their behavior in the
scanner through the control room window. If the sub-
jects accurately reported the position of the money in
the truth room, then they would receive 50 dollars. If
the subjects “successfully” lied without being detected
for the deception room, then they would receive an ad-
ditional 50 dollars. In fact, all subjects were paid the full
100 dollars. This instruction was included in order to
increase the motivation and the anxiety during decep-
tion.

Functional MRI Analysis

The data were analyzed with MEDx 3.3/SPM96 on
Sun workstations using the Talairach and Tournoux
brain template throughout. Initially, the MEDx motion
detection function was performed using the center of
intensity weighting method. Any motion greater than
2.0 mm from reference volume would have been cor-
rected using the MEDx 3.3 motion correction function
(no subjects required motion correction, largest move-
ment range 0.4 to —1.7 mm). Next, individual volumes
were spatially normalized into Talairach space utilizing
the SPM Module 96 in MEDx 3.3. Algorithm parameters
included basic functions and smoothing x=4, y=5,
z=1, iteration=2, smoothing=8.0, deformation=0.2,
the SPM template corresponding to the original Talair-
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ach and Tournoux atlas®® and output voxel size 4 X4 X 4
mm. Using the SPM module again, spatial smoothing
was performed using 8 X8 X8 mm gaussian kernel. In-
tensity normalization was performed which first created
a with- in-the-brain mask that only included voxels if
they had intensity greater than 35% the maximum of
each image volume for all time points. The remaining
nonzero voxels in each volume were then scaled in the
time series to a mean value of 1,000. We then performed
high pass temporal filtering which filtered out patterns
greater than twice the cycle length of 204 seconds. Due
to the SPM module performing another intensity mask
during the upcoming SPM statistics step, a .tcl script
was written to add 100 to all voxels outside the brain.
When the SPM statistics was run, this ensured that no
voxels we previously defined as within brain would be
eliminated from the analysis but that voxels we previ-
ously defined as outside the brain would be eliminated.

Using the SPM module on MEDx 3.3, statistical anal-
ysis with a delayed boxcar design without temporal fil-
tering was performed. The epochs were grouped as Lie
(the time period when individuals gave a false answer—
both indicating that the object did not conceal money
when it did {4 epochs} and indicating the object con-

TABLE 1.
Truth Room

coffee pot Prompt
Image

*shoe Prompt
Image

cooler Prompt
Image

truck Prompt
Image

plate Prompt
Image

Block of images repeated three times (total 4 blocks) with order
within each block randomly changed. The * indicates item under
which the $50 was hidden.

Deception Room

*hat Prompt
Image
mouse Prompt
Image
Santa Prompt
Image
bowl Prompt
Image
telephone Prompt
Image

Block of images repeated three times (total 4 blocks) with order
within each block randomly changed. The * indicates item under
which the $50 was hidden.
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cealed money when it did not {4 epochs}), Lprompt (time
period prompt image displayed just prior to each Lie {8
epochs}), Truel (time period subjects answered truth-
fully the location of the money {4 epochs} and 4 truthful
answers that the money was not under an object—tem-
porally surrounding deceptive answers {4 epochs}),
Prompt1 (time period prompt displayed immediately
preceding Truel epochs), True (time period of all re-
maining truthful answers {24 epochs}), and Prompt (time
period of prompt immediately preceding true epochs
{24}). Using these epochs, Lie minus Truel and Truel
minus Lie was computed with no threshold (p=0.05
and uncorrected k (cluster size) = 1). The individual
unthresholded images were used to obtain group and
individual activation profiles.

To calculate a group result, for all individuals, the im-
age calculator in MEDx 3.3 was used to compute un-
thresholded Lie minus Truel z-maps containing both
positive and negative z-scores. Thus, we used the image
calculator to obtain the result of (Lie minus Truel) minus
(Truel minus Lie) z-maps for each subject. Once this was
obtained for all individuals, they were summed and
then divided by the square root of eight to create the
group fixed effects analysis unthresholded z-map. The
resulting image was then analyzed with MEDx 3.3 clus-
ter detection with a minimum of z=1.645 and spatial
extent threshold of 0.05. A low statistical threshold was
chosen since our paradigm could only have a limited
number of epochs of Lie. In addition, although we were
directly testing our hypothesized regions, we were in-
terested in analyzing the whole brain since we had no
previous neuroimaging studies to focus our analysis.
The resulting values were used to determine local max-
ima and visually present the significant clusters. The Ta-
lairach Daemon interface in MEDx 3.3 was used to iden-
tify locations of the local maxima.® In addition, the
Talairach atlas® was used to confirm the location of the
significant clusters. The Johns Hopkins University
BRAID imaging database at http://braid.rad.jhu.edu/
index atlases.html determined the Damasio Talairach
space definition of orbitofrontal cortex.

For the individual analysis, in a similar fashion to the
group analysis, the unthresholded images of Truel mi-
nus Lie were subtracted from Lie minus Truel. The re-
sulting image was analyzed using MEDx 3.3 cluster de-
tection with a minimum of z=1.645 and extent
threshold of 0.05. The resulting values were used to de-
termine local maxima and generate a visual represen-
tation of those significant clusters. The Talairach Dae-
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mon interface was used to identify location of the local
maxima.*® This was performed for each individual. In
addition, the Talairach atlas®® was used to confirm the
location of the significant clusters.

Electrodermal Activity (EDA) Analysis

The EDA data was converted to a text file by AS and
AS. In order to correlate EDA with the functional BOLD
signal, MEDx 3.3 analysis package requires an equal
number of volumes and EDA data points. The EDA data
corresponding to each volume (TR = 3 seconds) was
therefore averaged using STATA. Thus, every sequential
300 EDA data points (sampling rate was 100 per second)
were averaged to give 272 means that corresponded to
the functional brain volumes to be compared. The vol-
umes utilized were the ones that had been motion de-
tected, spatially normalized, smoothed, intensity nor-
malized, and temporally filtered (see above for details).
Using MEDx 3.3, independent of the deception para-
digm, the changes in EDA were correlated with BOLD
fMRI changes using a Pearson’s r correlation. This anal-
ysis was performed for each individual resulting in a z-
map. One of the correlation z-maps was found to have
a significant artifact and was not included in the indi-
vidual or group analysis.

For the group analysis, the remaining seven individ-
ual z-maps were added using the MEDx 3.3 calculator
and divided by the square root of seven. The resulting
image was then analyzed with MEDx 3.3 cluster detec-
tion with a minimum of z=1.960 and spatial extent
threshold of 0.05. In the direct BOLD comparison above
(Lie minus Truel), we were only able to use eight ep-
ochs. This study is thus underpowered relative to many
in the field. For the correlational analysis, we were able
to use all time points, and we were justified in using a
larger z value threshold. The resulting values were used
to determine local maxima and visually present the sig-
nificant clusters. The Talairach Daemon interface in
MEDx 3.3 was used to identify locations of the local
maxima.’® In addition, the Talairach atlas®® was used to
confirm the location of the significant clusters and the
Johns Hopkins University BRAID imaging database for
Damasio Talairach space definition of orbitofrontal cor-
tex.

For the individual analysis, the individual correlation
z-maps were each analyzed using MEDx 3.3 cluster de-
tection with a minimum of z=1.960 and extent thresh-
old of 0.05. The resulting values were used to determine
local maxima and generate a visual representation of
those significant clusters. The locations of the significant
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clusters were determined using the same technique as
the group analysis.

Results

Subjects

Subjects consisted of eight healthy right-handed men
(mean age 25 years with a range of 21-28) with no sig-
nificant history of psychiatric or medical conditions. Av-
erage Annett Handedness score for right handedness
was 11, with a range of 9 to 12. All subjects responded
correctly in the deception room and correctly and truth-
fully in the truth room. Consistency of response was
monitored, and all subjects reported that the same object
for each block hid the money when it did not, although
the objects chosen for this positive lie varied.

Group analysis for Lie minus Truel (Figure 2 and Table
2).

We generated group image maps to test our hypoth-
eses regarding the functional neuroanatomy involved in
deception. We then generated within-individual statis-
tical maps to test for individual heterogeneity and the
predictive capacity of imaging to detect deception.

Lie minus Truel is the subtraction that best isolates
the act of deception by controlling for the most con-
founds. Our prestudy hypothesis was that the OFCx,
AC, and the amygdala would show increased activation
during this comparison. This comparison confirmed our
hypothesis regarding the OFCx and AC, but failed to
find amygdala activation. The other nonhypothesized
regions (superior temporal gyrus, cerebellum, frontal
gyrus), which met statistical significance, should be con-
sidered exploratory, as they were not hypothesized prior
to the study

Individual Analyses for Lie minus Truel

We next sought to examine the heterogeneity among
our subjects in brain activation during the deception
task. We examined each individual to determine
whether they had significant activation in any of these
regions during the deception minus true comparison.
Using a minimum statistical threshold of z=1.645 and
extent threshold of 0.05, one subject had no significant
activation, while seven showed diverse activation pat-
terns. No one brain region was found activated for all
subjects when true epochs were subtracted from lie ep-
ochs. The mean number of discrete regions identified by
the group analysis that were activated by individuals
was 2 per individual subject with a range of 0 to 6.
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Group Analysis Correlating EDA Changes and BOLD-
fMRI Changes

For the group analysis, one of the subjects had signifi-
cant artifact after the correlational analysis and was not
included in the group analysis (Table 3 and Figure 3).
Significant activation was found in the orbitofrontal and
right anterior cingulate gyrus.

Thus, our prestudy hypothesis concerning the link be-
tween EDA changes during deception and OFCx and
AC was supported, but again we failed to find amyg-
dala activation. The other areas of activation that were
not hypothesized can only be considered exploratory.

Individual Analysis Correlating EDA and BOLD- fMRI
Changes

Of the seven subjects (one subject with significant ar-
tifact), six had significant (z >1.960 and extent threshold
< 0.05) right orbitofrontal activation (Figure 4), and five
had significant (z >1.960 and extent threshold < 0.05)
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right anterior cingulate activation. No other regions con-
sistently activated across individuals.

Discussion

The primary purpose of this pilot study was to deter-
mine on a group basis if brain regions previously im-
plicated in response inhibition, divided attention, and
anxiety would activate more during attempted decep-
tion than during a well-constructed truth-telling control
condition. We hypothesized that during deception there
would be increased activation in the orbitofrontal cortex
(OFCx)(response inhibition), anterior cingulate (AC)
(divided attention) and amygdala (anxiety). Confirming
our hypothesis, our group analysis found significant ac-
tivation in two of these three areas: the orbitofrontal
(right middle frontal) cortex and the anterior cingulate

FIGURE 2. Group Analysis of Eight Subjects Combined Into a Common Brain Looking at the Difference in Brain Activation When
Lying About the Location of the Money (Lie) Compared to When They Were Telling the Truth (Truel) About the Location of
the Money. The Level of Statistical Significance is a Minimum Z Value of 1.645 With an Extent Threshold of Less Than 0.05.
Significant Activation Is Represented by the Red and Yellow Areas Superimposed on Four Representative Axial Slices of the
Group Brain’s Structural Scan. The Axial Slices Begin at a Ventral Brain Level and Sequentially Move Dorsally. The Areas of
Significant Activation Include the Hypothesized Regions of Orbitofrontal and Anterior Cingulate Cortex. See Table 2 for the

Complete List of Areas of Activation.

TABLE 2. Group Analysis

Significant Changes in Regional Blood Flow for Lie minus Truel
Z-Score X Y z Structure
3.49 —64 —40 -4 Left Middle Temporal Gyrus BA21
3.05 56 12 8 Right Precentral Gyrus BA 44
3.00 44 44 -8 Right Middle Frontal Gyrus (OF)
2.89 -36 —48 -32 Left Cerebellum Posterior Lobe
2.77 —48 —24 4 Left Superior Temporal Gyrus
2.73 —56 —56 -8 Left Inferior Temporal Gyrus BA 37
2.48 20 56 12 Right Superior Frontal Gyrus
232 —28 —32 —28 Left Cerebellum Anterior Lobe
2.03 56 8 20 Right Inferior Frontal Gyrus BA 44 (OF)
2.00 12 52 0 Right Anterior Cingulate Cortex
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gyrus. We failed to find significant amygdala activation
on group analysis. One possible explanation for failing
to find amygdala activation is that our paradigm did not
include a visual threat component. Another possible ex-
planation is that our MRI scanning parameters may not
have been adequate to detect activation in ventromedial
regions of the brain such as the amygdala.

An important question is whether the regions with
significant activation are unique to deception or does
deception simply require a greater degree of activation
in these areas compared to truthful answers. A recent
study using event-related potentials to investigate brain
changes during feigned malingering of memory deficits
suggests that malingering and thus possibly deception
requires more complex activity.”® Future studies are
needed to clarify this issue.

We then analyzed the fMRI data on a within-individ-
ual basis. Within subject BOLD fMR], analysis of Lie mi-
nus Truel generated large variations in the areas of sig-
nificant differences in blood flow across the group. One
explanation for this lack of consistency across individ-
uals is the limited number of epochs that could be clas-
sified as deception. There were only eight epochs where
the subjects attempted to deceive. Recent work in our
lab and in the fMRI neuroimaging literature has sug-
gested that increasing the number of epochs can signifi-
cantly improve the signal to noise ratio within an indi-
vidual. These data would suggest that fMRI within
individuals as presently applied is neither sensitive nor
specific for detecting deception. Further refinements,
however, in the scanning and stimulus presentation par-
adigm that includes a greater number of epochs of de-

TABLE 3. Group Analysis

Significant Changes in Regional Blood Flow for EDA changes correlated to BOLD fMRI changes

Z-Score X Y z Structure
11.04 36 32 =16 Right Inferior Frontal Gyrus (OF)
6.98 56 28 -8 Right Inferior Frontal Gyrus GM BA 47 (OF)
5.11 56 32 16 Right Middle Frontal Gyrus GM BA 46 (OF)
5.01 12 36 24 Right Anterior Cingulate GM BA 32
427 —48 —48 40 Left Inferior Parietal Lobule WM
Left Inferior Parietal Lobule GM BA 40
3.89 12 8 12 Right Sub-lobar Caudate GM Caudate Body
3.59 48 32 36 Right Middle Frontal Gyrus
Right Middle Frontal Gyrus GM BA 9
3.51 64 -32 4 Right Middle Temporal Gyrus GM BA 22
3.30 8 —4 —4 Right Sub-lobar GM Hypothalamus
2.73 —4 —24 40 Left Cingulate Gyrus GM BA 31
2.63 56 —40 -16 Right Inferior Temporal Gyrus WM

Right Inferior Temporal Gyrus GM BA 20

FIGURE 3. Group Analysis of Seven Subjects (One With Significant Artifact) Combined into a Common Brain Demonstrating the Brain
Regions that Significantly Correlate With EDA Changes During the Deception Paradigm. The Level of Statistical Significance
is a Minimum Z Value of 1.960 With an Extent Threshold of Less Than 0.05. Significant Activation is Represented by the Red
and Yellow Areas Superimposed on Four Representative Axial Slices of the Group Brain’s Structural Scan. The Axial Slices
Begin at a Ventral Brain Level and Sequentially Move Dorsally. The Areas of Significant Activation Include the Hypothesized
Regions of Orbitofrontal and Anterior Cingulate Cortex. See Table 3 for the Complete List of Areas of Activation.
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ception, might increase the individual sensitivity and
specificity. For example, initial fMRI studies of motor®
and language areas® were only able to report group
analysis results. With time and refinement, fMRI is now
used pre-surgically (which requires good individual
predictive ability) to aid in surgical guidance.**

The group analysis result correlating changes in EDA
and BOLD fMRI signal revealed significant correlations
between EDA and brain activity in the same two regions
(OFCx and AC) that were significantly activated in the
Lie minus Truel group analysis. The importance of the
OFCx for regulating EDA was recently demonstrated by
van Honk et al.*® who used Transcranial Magnetic
Stimulation (TMS) over the OFCx at parameters that
suppress cortical function. This TMS ‘temporary func-
tional OFCx lesion” significantly reduced electrodermal
activity. In related work, Raine et al.*® also found that
persons with antisocial personality disorder have re-
duced prefrontal gray matter volume (which includes
OFCx) and reduced autonomic activity. One explanation
for these findings is that the orbitofrontal cortex may be
important for generating autonomic arousal, as our cur-
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rent results suggest. A recent article, however, investi-
gating the neural correlates of biofeedback relaxation
using EDA by Critchley et al. only found an inverse cor-
relation between EDA and BOLD-fMRI in multiple
brain regions.” Since the subjects were actively re-
sponding to the EDA results, interpretation is difficult
since any correlation of EDA level to the BOLD fMRI
signal is confounded by the subjects response. Clearly
more work is needed to clarify these issues.

For the individual correlational analysis of the EDA
and regional brain activity during deception, six of the
seven subjects (not including one with significant arti-
fact) had a significant within individual correlation with
right OFCx changes. These data are perhaps the first
brain imaging results on an individual level to delineate
the central neurobiological basis of the polygraph. Fu-
ture work in this area might provide a better under-
standing of the brain basis of the polygraph. Moreover,
combining fMRI as outlined in this paper, or with mod-
ifications, with the polygraph offers the potential for in-
creasing the sensitivity and specificity of a combined
fMRI/polygraph machine. Further work is needed to

FIGURE 4. Individual Analysis of the Seven Subjects Showing Regions of the Brain That Are Significantly Correlated With EDA. Each
Slice Is a Separate Individual With All Slices Being at the Same Level of the Brain. The Level of Statistical Analysis Is a
Minimum ZValue of 1.960 With an Extent Threshold of Less Than 0.05. Significant Activation Is Represented by the Red and
Yellow Areas Superimposed on Structural Slices. For the Seven Individual Analyses, Six Had Significant Correlation in the
Orbitofrontal Cortex and Five Had Significant Correlation in the Anterior Cingulate Cortex.
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determine if combining these two modalities, with re-
finements in the fMRI paradigm, can realize this goal of
better within individual detection of deception.

This initial pilot study has several limitations, includ-
ing a small sample size and low statistical power of the
number of scanning epochs for the core comparison of
deception compared to truth telling. Because there have
been no previous imaging studies of deception, we im-
aged the entire brain and chose a liberal level of statis-
tical significance to test our primary hypotheses about
regional brain activation (a level of significance that was
more sensitive than specific for our hypothesized re-
gions of OFCx, AC and amygdala). Further studies with
larger numbers of subjects that include both sexes are
clearly needed to confirm these findings. In addition,
future studies should have a greater number of epochs
of deception in order to increase the power for the in-
dividual analysis. Finally, the analysis should include a
motion correction on all of the subjects regardless of de-
gree of movement and a more stringent threshold for
significance.

Additionally, the perceived punishment for not suc-
cessfully deceiving the examiners was relatively mini-
mal. The possibility of not receiving 50 dollars is not
nearly as severe as going to jail or experiencing other
harsh punishment. The difference in consequence and
how consequence impacts imaging results will need to

be explored before a reliable method of accurately de-
tecting lies in high stakes settings can be established.
Despite these problems, this proof-of-concept study
suggests that using BOLD fMRI, either alone or com-
bined with EDA measures, to investigate brain changes
associated with deception is both possible and poten-
tially of value. This study demonstrates the important
role of the OFCx and AC in producing the changes used
in the polygraph. Future research using different para-
digms and/or scanning parameters may enable better
understanding and detection of deception.
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