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Detection of deception using fMRI: Better than chance,
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Functional brain imaging has been considered a new and better technique for the detection of deception.
The reasoning is that there is a neural locus or circuit for lying that is sensitive, specific, generalizable across
individuals and measurement contexts, and robust to countermeasures. To determine the extent to which
the group results predicted lying at the level of the individual, we reanalyzed data on 14 participants from a
study that had previously identified regions involved in lying (thus satisfying the criterion for sensitivity).
We assessed the efficacy of functionally determined brain regions based on the lie�truth contrast for N � 1
participants to detect deception in the Nth individual. Results showed that no region could be used to
correctly detect deception across all individuals. The best results were obtained for medial prefrontal
cortex (mPFC), correctly identifying 71% of participants as lying with no false alarms. Lowering the
threshold for a response increased hits and false alarms. The results suggest that although brain imaging is a
more direct index of cognition than the traditional polygraph, it is subject to many of the same caveats and
thus neuroimaging does not appear to reveal processes that are necessarily unique to deception.

Keywords: Lie detection; Deception; fMRI; Individual differences; Guilty Knowledge Test.

Historian Ken Alder (2007) has described the

polygraph and lie detection as an ‘‘American

obsession,’’ a pursuit steeped more in an Amer-

ican cultural fantasy than reliable evidence.

Traditional polygraphy, using an array of physio-

logical measures such as heart-rate, blood pres-

sure, and electrodermal response, faced several

fundamental problems: the sensitivity of the test,

the effectiveness of the test in measuring what it

purports to measure (specificity), the general-

izability of the test across measurement contexts,

and its robustness to countermeasures. In 2003,

the Committee to Review the Scientific Evidence

on the Polygraph concluded:

Notwithstanding the limitations of the quality

of the empirical research and the limited ability

to generalize to real-world settings, we con-

clude that in populations of examinees such as

those represented in the polygraph research
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literature, untrained in countermeasures, spe-
cific-incident polygraph tests can discriminate
lying from truth telling at rates well above
chance, though well below perfection. (Com-
mittee to Review the Scientific Evidence on the
Polygraph, 2003, p. 4)

New areas of research have since taken on the
challenge of detecting deception by moving to
neurophysiological measures, including the phy-
siological detection of deception using functional
magnetic resonance imaging (fMRI). The notion
is that by imaging the brain processes involved in
deception, the problems of traditional polygraphy
can be avoided.

Several fMRI studies of lie detection have
been conducted using binary-choice paradigms
and nomothetic (group-level) analyses to deter-
mine whether it was possible to discriminate lying
and truthful responding. Spence et al. (2001)
reported a study in which participants either
lied or told the truth about acts they had
performed during the course of that day. A cue
presented along with the question signaled to
the participant whether to lie or tell the truth.
Blood-oxygen-level dependent (BOLD) contrasts
between lie and truth conditions revealed signifi-
cantly greater activation during lying in the
bilateral ventral prefrontal cortex (VLPFC), dor-
solateral prefrontal cortex (DLPFC), medial pre-
frontal cortex (mPFC), and the left inferior
parietal cortex. Spence et al. (2001) interpreted
the results in terms of learning and motor
response inhibition. Using an in-scanner adapta-
tion of the Guilty Knowledge Test (GKT) with
playing cards as stimuli, Langleben et al. (2002)
instructed participants to either lie or tell the
truth about cards they had in their possession.
Results revealed a greater activation in the
DLPFC and in the medial frontal gyrus extending
to the anterior cingulate cortex (ACC) during
lying than truth-telling. Also using the GKT, Phan
et al. (2005) found lying to be associated with
greater activity in the mPFC, bilateral DLPFC
and VLPFC, and bilateral superior temporal sulci
(STS). Activation in the mPFC and DLPFC were
activated differentially by lying and truth-telling
in all three studies.

Brain imaging has also been performed using
experimental paradigms to simulate more realis-
tic lying situations. Lee et al. (2002) used a forced-
choice memory paradigm in which participants
feigned memory impairments on two memory
tests (digit memory task and autobiographical

memory task) in a simulated assessment of
malingering. The participants were requested to
devise their own mental strategies for the lie,
thereby increasing the external validity of the
manipulation of lying. The activation for feigned
memory impairment versus accurate recall con-
ditions was similar for the two memory tasks and
included anterior frontal regions (BA 9 and 10),
bilateral parietal and temporal cortex, and sub-
cortical regions including the caudate. The pre-
frontal region result suggested a role of
information manipulation and executive control,
with anterior regions (BA 10) participating in
simultaneous processing of primary and second-
ary goals, and the DLPFC region processing
anticipation of performance and working mem-
ory. The authors suggested that the activation of
the parietal region was part of a network involved
in calculated responses during lying, the temporal
regions as participating in the cognitive manip-
ulation of visual information, and the subcortical
regions as involved in self-monitoring and inhibi-
tion of learned rules. A study by Nuñez, Casey,
Egner, Hare, and Hirsch (2005) investigated the
neural correlates of false versus true responses to
autobiographical or non-autobiographical infor-
mation. The investigators reported a contrast
effect for autobiographical items in the mPFC,
DLPFC, VLPFC, ACC, BA 9/10, and caudate. At
the chosen levels of significance, however, no
differences were found between lying and
truth for non-autobiographical items, suggesting
differences in neural response for lying depending
on the content being tested. In an experimental
study to assess the effects of the type of lie told,
Ganis, Kosslyn, Stose, Thompson, and Yurgelun-
Todd (2003) investigated lies that were rehearsed
and spontaneous lies. Lies generally were asso-
ciated with greater activation in BA 10, fusiform
gyrus, and visual cortex whereas activation for lies
was greater than truth-telling in mPFC and
DLPFC only for spontaneous lies.

Across these studies, activity in the mPFC and
DLPFC was greater for lying than truthful
responding in all except the conditions in Ganis
et al. (2003) in which the lies were autobiogra-
phical and well-rehearsed. It is not clear whether
these regions are indicative of lying or are
indicative of the increased self-monitoring and
load on working memory that are often involved
when one is lying. These studies have also focused
on nomothetic analyses of the BOLD response as
a function of lying versus truth-telling, where
lying and truth-telling are not only known but are
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controlled by the experimenter. The critical
question, which has limited the scientific validity
of the traditional polygraph, is whether lying can
be discriminated from truth-telling on an indivi-
dual level based on the observed physiological
response when one is answering the critical
question.

The first fMRI study endeavoring to discrimi-
nate lying from truth-telling at the idiographic
level was reported by Kozel et al. (2005). BOLD
responses were used to develop a mathematical
model weighting regions of interest (ROIs) to
distinguish lying from truth-telling, and a second
group’s BOLD responses to the task were used to
classify them as lying or truth-telling. The authors
reported classification at 90% accuracy using a
combination of analysis in the middle frontal
gyrus, inferior frontal gyrus, and anterior cingu-
late. This is only slightly better than the classifica-
tion accuracy found for traditional polygraphy.
No single region showed classification at better
than 85% accuracy, and each cluster had a false
alarm rate of nearly 20%. The combined analysis
yielded false alarms for the 10% who were not
successfully classified.

In a similar analysis based on a set of group
predictor clusters, Langleben et al. (2005) re-
ported single-cluster predictions at no better than
75% correct classification using the area under
the curve of the receiver operator characteristic
function, which plots probability of a false posi-
tive (specificity) against probability of correctly
predicting a lie (sensitivity.) The area under the
curve was described as the probability of accu-
rately classifying a pair of observations, with the
best single region (left inferior parietal lobule)
showing an area under the curve of 75.1%. Using
a stepwise logistic regression model across 14
ROIs, the authors reported a final model area
under the curve of 84.7%.

These initial attempts at individual classifica-
tion of lies using fMRI were comparable to the
results of the traditional polygraph: well above
chance, but well below perfection (Committee to
Review the Scientific Evidence on the Polygraph,
2003). Indeed, the value of the area under the
ROC curve reported by Langleben et al. (2005)
lies in the middle of the accuracy results from
traditional polygraphy summarized in the report
of the Committee to Review the Scientific
Evidence on the Polygraph (2003).

More recently, Spence, Kaylor-Hughes, Brook,
Lankappa, and Wilkinson (in press) scanned a
woman who had been convicted of poisoning a

child but who continued to profess her innocence.
Results revealed longer response latencies and
greater activation of the VLPFC and ACC when
she endorsed her accuser’s version of events than
when she endorsed her version of events; the
authors concluded that: ‘‘While we have not
‘proven’ that this subject is innocent, we demon-
strate that her behavioural and functional anato-
mical parameters behave as if she were.’’ Such a
conclusion based on an individual’s responses in
an fMRI study can be questioned on logical
grounds because lying is not the only cognitive
process that has been associated with increased
activation of the VLPFC and ACC, and little is
known about how general the association is
between lying and activation in these regions.

The purpose of the current study is to examine
data from a typical fMRI study of lying (Phan et
al., 2005) to determine how well lying could be
differentiated from truth-telling at the idiographic
level, with an emphasis on sensitivity, specificity,
and generalizability across individuals. For in-
stance, because the decision threshold can affect
the sensitivity of measurement and the classifica-
tion results, we used both a liberal and a
conservative threshold for identifying significant
differences in the BOLD response. In addition,
prior studies examining idiographic classifications
have restricted their analyses to the predictor
clusters that significantly differentiated lying from
truth-telling in the prediction sample. Such a
procedure does not discriminate between the
individual whose scan shows only that the ROIs
identified in the predictor clusters were more
active during lying than truth-telling*as set forth
by the predictor model*and the individual whose
fMRI scan shows that many if not most areas of
the brain are more active during lying than truth-
telling. Whether the inclusion of pseudo-ROIs
increases or decreases specificity has not been
examined previously. Consequently, we also per-
formed analyses to determine the effects of the
application of an ROI control region.

METHODS

A detailed account of experimental methods can
be found in Phan et al (2005). Fourteen partici-
pants were given a modified version of the GKT
in which they were asked to either tell the truth or
lie about the possession of a playing card (e.g., 2
of hearts or 5 of clubs). Data were collected on a
4T Siemens platform, and preprocessed using
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Statistical Parametric Mapping (SPM), including
slice-time correction, realignment, spatial normal-
ization to the Montreal Neurological Institute
(MNI) template, resampling of functional images
to 2-mm isotropic voxels, and spatial smoothing
with a 6 mm full-width�half maximum Gaussian
kernel. Preprocessed data were converted from
ANALYZE (spm99) to a format for use with the
analysis software AFNI (Cox, 1996). A canonical
hemodynamic response function was convolved
with the experimental conditions using the AFNI
tool WAVER, and this model was regressed
against the experimental data at each voxel to
provide within-subjects statistical maps of the
responses for each condition, as well as a map
of the lie vs. truth contrast.

Nomothetic analyses

A group response map was generated by carrying
out a whole-brain voxelwise one-sample t-test of
the Lie�Truth contrast value across all 14 parti-
cipants at pB.01 with a cluster size extent thresh-
old of 119 contiguous voxels based on corner-to-
corner connectivity. Phan et al. (2005) reported
results only in regions where they had a priori
hypotheses, namely ACC, mPFC, DLPFC, and
VLPFC. In this case, a whole-brain voxelwise
result was generated to identify all possible regions
that differentiated lies from true statements.

Idiographic analyses

Idiographic analyses were carried out at two
significance levels to assess the accurate detection
of lies on an individual by individual basis using a
conservative (pB.01) and a liberal (pB.05) cri-
terion for Type I errors. To develop the predictive
model for the idiographic analysis, the contrast
images for 13 of the 14 participants were entered
into the second stage of a random-effects analysis
(one-sample t-test, two-tailed; t�3.057, df�12,
pB.01; t�2.179, df�12, pB.05). This process
was performed for each of the 14 participants,
resulting in 14 group response maps, each of which
was then used as the template for the neural
signature of lying when examining each individual
contrast map. That is, after group analysis from 13
participants yielded predictor clusters, the remain-
ing 14th participant’s data was thresholded at the
same individual voxel extent levels as the group
data, yielding a set of target clusters for the

individual. Specifically, each remaining indivi-
dual’s contrast map was submitted to the same
threshold based on the coefficient of the least-
squares estimate of the empirical data to the
model (pB.01, t�2.585 and pB.05, t�1.964).
Significant regions were determined by applying
an individual voxel probability threshold of pB
.01 with a cluster volume of 952 ml (119 contiguous
voxels) and again with a voxelwise threshold of
pB.05 with a cluster volume of 5160 ml (645
voxels) based on corner-to-corner connectivity in
3D space, which was equivalent to a connectivity
radius of 3.46 mm. The cluster volume was chosen
as the means to correct for multiple comparisons
(aB.05). Cluster volume threshold was deter-
mined with a Monte Carlo simulation for which
the input parameters modeled the analysis (voxel
size 2�2�2 mm, connectivity radius 3.46 mm,
individual voxel p�.01 or pB.05, Gaussian
FWHM filter width�6 mm) executed within a
mask of the entire brain (231,766 voxels) for 5000
iterations using the AFNI program AlphaSim.
The Monte Carlo simulation randomly simulates
‘‘active’’ voxels within the mask according the
probability and spatial parameters for the speci-
fied number of iterations, ultimately calculating
the probability that a cluster of size X would occur
by chance. The volume X is then used as a
selection criterion on the experimental data to
obtain activity clusters that meet the corrected a
level (Forman et al., 1995; Xiong, Gao, Lancaster,
and Fox, 1995).

For each participant, individual target cluster
maps were overlaid on group predictor maps to
assess signal detection. Significant voxels from
the individual maps that fell within the nomo-
thetic predictor map were tallied as hits if the
valences from individual results matched those of
the group result. No predictor maps yielded
significant True�Lie clusters; however, some
target maps yielded True�Lie clusters. If a
True�Lie target cluster overlapped with a
Lie�True predictor cluster, it was counted as a
false alarm. If no individual results were found for
a predictor cluster, it was tallied as a miss for that
cluster. If hit and false-alarm target voxels were
detected in the same predictor cluster, the cluster
was classified according to the result that had the
larger volume.

A threshold was set for the size of clusters that
overlapped between the nomothetic predictor
map and individual signal map for each subject.
Overlap cluster size was determined by executing
a Monte Carlo simulation within the mask of the
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predictor map voxels at the appropriate voxelwise
threshold (pB.01 or pB.05) to determine the
cluster size corresponding to aB.05. The cluster
size for overlap regions at the voxelwise pB.01
level was 37 contiguous voxels, and at pB.05 it
was 203 voxels.

The pseudo-ROI specificity control

Finally, we sought to discriminate between the
individuals whose fMRI scan shows only that the
predictor clusters were more active during lying
than truth-telling and those who showed greater
activation during lying than truth-telling across
many areas, among them one or more of those
specified in the predictor clusters. To do so, we
formed a set of pseudo-ROIs that served as
control regions for comparison with the predictor
clusters. Assuming that the predictor clusters are
in fact part of a reliable neural circuit, hit rates
inside predictor clusters were hypothesized to be
significantly higher than hit rates in the randomly
sampled pseudo-ROIs. Given that results at the
liberal threshold of pB.05 were expected to
contain a considerably higher rate of false alarms
than at pB.01, the pB.05 results were examined
to determine whether the rate of false alarms
would be decreased.

To form the pseudo-ROIs, the predictor ROIs
were subtracted from a Talairach atlas map of all
cortical grey matter, and for each predictor ROI a
pseudo-ROI of equivalent volume was con-
structed from randomly sampled voxels in the
remaining regions. Pseudo-ROIs were tested for
signal detection in the same manner as group
predictor ROIs, with a tally of significant voxels
found at the individual level. A chi-square test
(positive/negative�pseudo-ROI/actual-ROI)
was used to compare frequency distributions of
hits and false alarms in the pseudo-ROIs and
predictor ROIs. Actual ROIs were expected to
have a significantly higher hit rate than pseudo-
ROIs, and predictor clusters that did not meet
this criterion at pB.05 were discarded on grounds
of non-specificity.

RESULTS

Nomothetic analyses

Whole-brain voxelwise group analysis showed
that group Lie�Truth contrasts revealed signifi-

cant activation in the medial prefrontal cortex
(mPFC) in the region of the superior medial
frontal gyrus, L inferior frontal gyrus (VLPFC),
anterior cingulate, bilateral Brodmann’s areas 9
and 10 (frontopolar region), bilateral temporo-
parietal junction (TPJ), bilateral middle frontal
gyrus (DLPFC), bilateral middle temporal gyurs,
bilateral caudate, bilateral lingual gyrus, and the
medial cingulate gyrus at a voxelwise pB.01 with
a cluster minimum of 952 ml (119 contiguous
voxels). Not all subjects’ group analyses yielded
the same set of regions; however, the majority of
these regions (mPFC, VLPFC, ACC, BA 9.10,
TPJ, R middle temporal, and L caudate) were
found in all 14 group template maps. Results from
a representative participant are illustrated in
Figure 1 and detailed in Table 1.

Idiographic analyses

Figure 2 depicts the number of participants who
showed activation in each ROI identified using
data from the remaining 13 participants at two
levels of detection threshold. First, more lenient
detection thresholds are generally associated with
more hits, fewer misses, and more false alarms.
This was found in the present study: at pB.01,
43% of clusters were hits, 57% were misses, and
0% were false alarms, whereas at the more
lenient detection threshold of pB.05, 53% were
hits, 43% misses, and 4% of detected signals were
false alarms. As would be expected from signal
detection theory, decreasing the decision thresh-
old increased the hit rate at the expense of also
increasing the false alarm rate. Finally, no con-
trast was found in which truthful responses
produced greater activation than lying.

The best classification at pB.01, with a classi-
fication success of 71%, was found in the mPFC
in the region of the medial frontal gyrus (see
Figure 2, top panel). No other regions predicted
more than 7 of 14 participants. Four out of five
subjects were classified in L Middle Temporal
gyrus, but this region achieved significance and,
thus, served as an ROI, in only 36% of the
predictor maps. No false positives were observed
in any of these regions.

Lowering the detection threshold to pB.05
increased the number of template maps in
which the areas achieved significance and the
percentage of correct classifications in some
regions. For instance, 78% of participants were
classified successfully as lying in mPFC and BA
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9/10, and 64% in VLPFC, ACC, and Left TPJ

(see Figure 2, middle panel). However, these

increased levels of detection came at the cost of

increased false positives.
The effects of applying a pseudo-ROI control

are illustrated in the bottom panel of Figure 2. If

activation in a predicted ROI was accompanied by

activation in the matched pseudo-ROI*that is, if

the activation was nonspecific*then activation in

the predicted ROI was treated as nondiagnostic.

The results from four participants were affected
by the implementation of pseudo-ROIs. The
regions excluded were not entirely consistent

across the participants, however. For participant
#8, mPFC, BA 9/10, left TPJ, and left caudate
regions were excluded, and for participant #14,

right lingual gyrus was excluded. All five exclu-
sions would otherwise have been considered hits.

Figure 1. An illustration of the signal detection process from a representative subject. The Lie�True group predictor map (top

left) was determined using 13 subjects’ data, and was used to mask the individual Lie�True map (bottom left). Both maps were

subjected to a voxelwise threshold of pB.01 with a minimum cluster size of 119 contiguous voxels as determined by a whole-brain

Monte Carlo simulation at aB.05. The overlap map was cluster-limited by another Monte Carlo simulation carried out in the

predictor map, resulting in a cluster minimum of 37 voxels.
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TABLE 1

Lie�Truth regions for the representative subject pictured in Figure 1: The top table shows the predictor ROIs; the bottom table shows detected overlap regions

Volume (ml) Hemisphere Region(s) TT atlas region(s) BA X Y Z Mean B-value

1 9104 R/L mPFC Superior frontal gyrus 6, 9, 10, 32 4 47 26 .904

R/L BA 9,10 Medial frontal gyrus

L Anterior cingulate Anterior cingulate

2 3544 L VLPFC Inferior frontal gyrus 47 �53 37 �18 .816

3 2552 L Temporoparietal Inferior parietal lobule 13, 40 �42 �36 26 .531

4 2120 R BA 9/10 Medial frontal gyrus 10 14 61 2 .503

R Anterior cingulate Anterior cingulate

5 2040 L DLPFC Middle frontal gyrus 6 �42 23 31 .654

6 1664 L Caudate Caudate 25, 47 �15 29 �14 .548

7 1520 R Temporoparietal Superior temporal gyrus 42 60 �33 17 .660

8 1296 R Middle temporal Middle temporal gyrus 20 53 �25 �18 .855

1 1120 R/L mPFC Medial frontal gyrus 32 2 37 32 *

2 728 L VLPFC Inferior frontal gyrus 47 �53 37 4 *

3 672 L BA 9/10 Superior frontal gyrus 9, 10 �24 68 7 *

4 480 L DLPFC Middle frontal gyrus 6 �22 27 38 *
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Figure 2. (Top panel) The number of hits and misses in each ROI at a significance threshold of pB.01 with a minimum overlap

cluster size of 37 voxels. The total bar height indicates the number of subjects for which a response was predicted in each region.

Some regions (R DLPFC, L MTG, R caudate, L and R lingual gyri, and medial cingulate) were predicted for only a fraction of

subjects. No false alarms (True�Lie in a region predicting Lie�True) were detected at this significance level. Some regions (R

DLPFC, L middle temporal, R caudate, L and R lingual, and cingulate gyrus) were significantly active in only a portion of subjects’

predictor maps. (Middle panel) The number of hits and misses in each ROI at a significance threshold of pB.05 with a minimum

overlap cluster size of 203 voxels. (Bottom panel) The number of hits, misses, and false alarms in each ROI at a significance threshold

of pB.05 after the application of the pseudo-ROI control region (see text for an explanation of pseudo-ROIs).
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DISCUSSION

Recent reports tout fMRI lie-detection as a
means to spot liars (Peplow, 2004), detect terror-
ists (Wild, 2005), and reveal secret intentions in
the brain (Haynes et al., 2007). Efforts to
privatize new deception detection technologies
have brought forth ethical concerns (Pearson,
2006), issues of personal privacy (Olson, 2005)
and legal concerns about fourth amendment
rights and personal liberty (Boire, 2005; Greely
& Illes, 2007). Forensic applications and reports
of effective ‘‘brain fingerprinting’’ (Farwell &
Smith, 2001) and fMRI (Spence et al., in press)
have been accompanied by efforts on the part of
private interests to apply brain imaging for
commercial gain. The present results raise several
questions about the claim that there is an
invariant neural locus unique to lying that is
sensitive, specific, and consistent across indivi-
duals.

First, using a variant of the GKT, lying and
truth-telling in the current study were associated
with differential activation in as many as 16
different brain regions in some template maps.
The classification of an individual as lying or not
based on ROIs specified by the template maps
proved to be well above chance, but no better
than the levels typically observed using tradi-
tional polygraphy (Committee to Review the
Scientific Evidence on the Polygraph, 2003). The
best classification accuracy found for any ROI
using a stringent classification threshold was 71%
(with no false positives), found using the mPFC.
Using a less stringent criterion for identifying
areas of brain activation led to more hits, with
activation in two ROIs in the frontal cortex
producing correct classifications in 78% of cases,
but false-alarm rates also increased across the
areas that were identified.

Even though activation of the mPFC provided
better than chance classification of individuals as
lying in the present study, it does not mean that
we detected a lie response per se. The mPFC has
been associated with various cognitive processes
including self-awareness and self-referent proces-
sing, mentalizing, executive functioning, and the-
ory of mind (e.g., Frith & Frith, 2003; Krendl &
Heatherton, in press; Saxe, Carey, & Kanwisher,
2004). Accurate classifications in the current
study could have resulted from one or more of
these cognitive processes occurring more often in
the lying than in the truthful response conditions.

It is obvious that knowing that lying leads to a
skin conductance response does not logically
mean that a skin conductance response indicates
a person is lying, because lying is not the only
process that produces a skin conductance re-
sponse. Similarly, knowledge that lying leads to
regional brain activation (e.g., mPFC) does not
imply logically that activation of that region
marks a person who is lying.

Brain imaging is a more direct index of
cognition than the traditional polygraph, but it
may be subject to many of the same caveats. For
instance, we found that adopting a more lenient
threshold increased hits, but at the expense of
increasing false positives, just as has been found
in studies of traditional polygraphy. False posi-
tives can be particularly pernicious in legal and
employment applications, and even low false
positive rates can lead to large numbers of
truthful individuals being classified as lying
when the base rate for lying is low. For instance,
if the fMRI detection procedure has an accuracy
index of .90 in a hypothetical population of 10,000
examinees that includes 10 liars, a detection
threshold set to detect 80% of the liars will miss
2 of the 10 liars and will falsely classify 1,598
truth-telling individuals as lying (Committee to
Review the Scientific Evidence on the Polygraph,
2003).

Second, our experimental paradigm made it
possible to know when participants were telling
the truth or lying, thereby making it possible to
determine regions of brain activation that differ-
entiated lying and truth-telling (i.e., a template).
Typically, it is not possible to know whether a
participant is telling the truth or lying. The
intersubject variability in brain response to lying
observed in the current study means that the
template identified using a nomothetic approach
may fail to characterize accurately many indivi-
duals’ brain response to lying. This was evident in
the present study, where nomothetic maps per-
mitted lies to be accurately classified in the case
of most but not all individuals. Templates de-
signed at the idiographic rather than the nomo-
thetic level may be worth investigating to
discriminate lying from truth-telling, but the
merit of such an approach has yet to be proven.
To develop such a template, for instance, indivi-
duals would need to lie and to tell the truth in
known sequences in response to multiple ques-
tions. This procedure may be limited if partici-
pants are not cooperative or if different kinds of
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lies are associated with different patterns of brain
activation.

Third, the empirical support to date has raised
questions about the notion that there is an
invariant neural signature for lying. The card
version of the GKT is a simple task that may
limit individual variability in type of lie that is
emitted. Although a card-based guilty knowledge
test serves as a model for lying, it may be an
overly simplified paradigm for testing legitimate
lie-detection, and does not address the issue of
differences in response according to different
types of lie or the type of information involved.
Thus, any level of success of lie classification
based on this paradigm is but an early step
towards more ecologically valid scenarios. In-
deed, the research by Ganis et al. (2003) suggests
that different types of lies may be associated with
completely different patterns of brain activation.
This seems plausible, as different types of lies are
the product of one or more distinguishable
component processes, which should be reflected
in differences in neural activation.

Fourth, the brain imaging research on lying to
date has not considered what detection problems
might be introduced by participants who use
physical or mental countermeasures. If a partici-
pant were to perform serial subtraction or to
focus on suppressing an irrelevant response when
responding truthfully and lying, for instance,
would the pattern of neural activation that
differentiates lying from truth-telling still be
evident? Or, in light of the nomothetic template
found in the present study, would thinking about
the mental state of the examiner and oneself as
the object of interrogation when responding
truthfully act as a cognitive countermeasure to
the detection of deception? Such questions will be
important to address before the applied value of
lie detection using fMRI can be determined.

Finally, social, cultural, and linguistic differ-
ences across participants in the understanding of
questions and the meaning and appropriateness
of deception may contribute to differences in
regional activation patterns observed during lying
versus truth-telling. In the absence of an invariant
neural signature for lying, successful detection of
deception using fMRI may require a better
appreciation of possible sociocultural effects.

In sum, fMRI as a method for the detection of
deception should carry the same burden of proof
as demanded of any other method. As in prior
studies, fMRI analyses permitted the differentia-
tion of deceptive and truthful responding at the

group level. The classification of lying based on
contrast maps, however, was better than chance
but far from perfect. Two different reasons for
misclassifications were identified. In some cases,
the activation of a predicted ROI did not reflect
specific activation in this region but instead
reflected activation of a very large area that
included part of the predicted ROI. The use of
pseudo-ROIs proved useful in identifying such
cases. The second and more common reason for
misclassifications was that one or more of the
regions found to differentiate lying from truthful
responding in the template map were not asso-
ciated with significant differences in activation in
the test participant. Using more lenient thresh-
olds for detecting activation only nominally im-
proved classification accuracy and came at the
expense of increased false alarm rates. Closer
inspection of these individuals’ contrast maps (lie
� true) suggested that a few subjects showed lying
associated with very different regions of activa-
tion than most individuals. Although this is
speculative, lying for these individuals may have
been achieved by equally atypical means. To-
gether, these results suggest that, although fMRI
may permit investigation of the neural correlates
of lying, at the moment it does not appear to
provide a very accurate marker of lying that can
be generalized across individuals or even perhaps
across types of lies by the same individuals.
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