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To investigate brain maintenance of deliberate deception the positron emission tomography and the event
related functional MRI studies were performed. We used an experimental paradigm that presupposed free
choices between equally beneficial deceptive or honest actions. Experimental task simulated the “Cheat” card
game which aims to defeat an opponent by sequential deceptive and honest claims. Results of both the PET
and the fMRI studies revealed that execution of both deliberately deceptive and honest claims is associated
with fronto-parietal brain network comprised of inferior andmiddle frontal gyri, precentral gyrus (BA 6), caudate
nucleus, and inferior parietal lobule. Direct comparison between those claims, balanced in terms of decision
making and action outcome (gain and losses), revealed activation of areas specifically associated with deception
execution: precentral gyrus (BA6), caudate nuclei, thalamus and inferior parietal lobule (BA39/40). The obtained
experimental data were discussed in relation to a possible role of an error detection system in processing delib-
erate deception.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

Deception is one of the most intriguing issues in modern neurosci-
ence. The question of how the brain is involved in the maintenance of
deception has been widely investigated with conventional neuroimag-
ingmethods such as electrophysiological (ERP) and functional tomogra-
phy (PET, fMRI) (Abe et al., 2005; Ganis et al., 2003; Ganis and Keenan,
2009; Johnson et al., 2007; Kozel et al., 2005; Langleben et al., 2002,
2005; Lui and Rosenfeld., 2008; Spence et al., 2001, 2004). However,
the basic brain mechanisms underlying deception remain unclear
(Ganis and Keenan, 2009; Sip et al., 2008).

Most likely, one of the main reasons for this gap is the difficulty in
creating an adequate experimental condition in a laboratory setting
that corresponds precisely enough to the real life circumstances during
which deception is involved. In real life, to deceive someone, a person
must resolve the trade-off between the possible desirable benefits of
the deception itself and the possible negative consequences of being
caught. In this sense, deception is a risky behaviour, and it is quite diffi-
cult to simulate in laboratory settings. In accordance with the definition
provided by Vrij (2008), p. 15, deception is “a successful or unsuccessful
deliberate attempt, without forewarning, to create in another a belief
that the communicator considers to be untrue”. Thus, two important as-
pects to deception follow from this definition. First is the manipulative
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nature of a lie, wherein for some purpose, a deceiver tries tomanipulate
an opponent's knowledge. This makes the deception important for so-
cial communication, and it is sometimes described as the social lubri-
cant, which highlights its role in social adaptation (Vrij, 2008). The
second aspect of deception is related to the willingness of the deceiver
in decision making. Therefore, the deception is a conscious and volun-
tary act. Both of these features can be attributed to any type of deception
in a wide range of real life situations. Unfortunately, the manipulative
nature and willingness to deceive are rarely considered in neuroimag-
ing studies of deception. In experimental paradigms, such as the mock
crime scenario (Kozel et al., 2009), the modified guilty knowledge test
(Lykken, 1960; Langleben et al., 2002, 2005; Phan et al., 2005), feigned
memory impairment (Lee et al., 2005), and lying about autobiographical
data (Lee et al., 2002; Nuñez et al., 2005) or recent events (Abe et al.,
2007; Kozel et al., 2005), participants are forced to implement fraudu-
lent responses or to deny well-known information. Therefore, in such
studies, the investigated deception was neither manipulative nor inten-
tional (Sip et al., 2008; Vrij, 2008).

At the same time, one of the classic exampleswherein deception is an
important part of behaviour is a card game like “Cheat” (or “I doubt it”).
In such settings, effective gaming assumes that both deception and true
actions are applied by an individual to cheat an opponent. Considering
this game, we developed an experimental paradigm that overcomes the
limitations of forced deception (Kireev et al., 2007, 2008). In accordance
with our experimental paradigm, participants played an analogue of the
“Cheat” card game with the computer, and the experimental task as-
sumed that participants were free in their decision to lie or to be truthful.
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In our previous study, event-related potentials (ERPs) were recorded
while participants tried to persuade the opponent (computer) to accept
deceptive claims and to reject honest ones. The main finding of that
study was that both deceptive and honest claims were associated with
a negative mid-frontal ERP component observed approximately 200ms
after the claim (by button pressing), i.e., honest or deceptive button
pressing (Kireev et al., 2007, 2008). The amplitude of this ERP component
was greater for deceptive claims compared with honest ones. Taking
into account the mid-frontal topography of the revealed ERP compo-
nents, which resemble the topography of the error-related negativity
(i.e., ERN) that is usually observed during responses to unintended con-
sciously recognised errors (Falkenstein, 1991, 2000; Ullsperger and von
Cramon, 2001), we hypothesised that the error detection mechanism
(Bechtereva et al., 1968, 1990, 1991, 2005) is involved in the processing
of deception. From this hypothesis, it follows that deliberately deceptive
claims could be categorised by the brain as an incompatible action or
an “error”, which, at the same time, is appropriate from an individual
perspective because such an action is intentionally used to achieve the
goal to win.

To examine this proposition and to reveal the spatial localisation of
functional brain activity associatedwith brain responses to intended de-
ception, we conducted the present PET and event-related functional
MRI study using the same experimental paradigm.

2. Materials and methods

2.1. Participants

Twelve healthy, right-handed male volunteers 21–30 years old
(23.8 ± 2.5) and twenty-four right-handed subjects 21–44 years old
(29.3±6.5) (14 women)without any history of neurological or psychi-
atric disorders or current medication intake participated in a PET study
and an fMRI study, respectively. Handedness was assessed with the Ed-
inburgh Handedness Inventory (Oldfield, 1971). All subjects gave their
written informed consent prior to the study. All procedures were in ac-
cordance with the declaration of Helsinki and were approved by the
Ethics Committee of the N.P. Bechtereva Institute of the Human Brain,
St. Petersburg, Russia.

2.2. Experimental paradigm

In both the PET and the fMRI studies, participants attempted tomake
a computer accept a deceptive claim or challenge an honest one (as it
implemented in the “Cheat”/“I doubt it” card game). Participants were
instructed initially that the computer does not know about an arrow
direction presented on the screen. After its presentation (upward or
downward arrow), participants were asked as quickly as possible to
Fig. 1. Design of th
make a claim about the direction of an arrow. Claims were made either
by left or right button pressing, corresponding to “upward arrow”/
“downward arrow” claims, and this button-response mapping was
kept constant. Participants were free in their decision to lie or to tell
the truth about the arrow orientation because there was no special in-
struction specifying whether the claim should be deceptive or truthful.

Participants were instructed that the computer used a specially de-
veloped computer algorithm for revealing whether their claims were
truthful or deceptive and that it acquires information about the real
arrow direction only after the presenting corresponding feedback stim-
ulus, i.e., the words “agree” or “disagree” (see Figs. 1, 2.) The aim of this
gamewas to defeat the computer. Participants won in those caseswhen
the computer “accepted” the deceptive claims or challenged the truthful
ones. Based upon participant's queries, they tried to manipulate the
computer's “decisions” about their use of honest and deceptive claims.

In actuality, participantsweremisled about the nature of the gamebe-
cause feedback stimuli were presented randomly. The word “agree”was
presented in 60% of trials. As we have shown previously in our ERP stud-
ies (Kireev et al., 2007, 2008) such a distribution of feedback provoked
subjects to cheat. The quantity of deceptive and honest claims did not dif-
fer at the group level, demonstrating the relative equivalence of the num-
bers of deceptive or honest claims. In the present study the quantity of
deceptive and truthful claimsduring PET and fMRI scanningwas analysed
by Wilcoxon matched pairs test using Statistica 7 software.

2.3. PET study design, data processing and statistical analysis

The experimental PET task consisted of 3200-ms-long trials with a
350± 100ms inter-trial interval. Trials consisted of a target stimulus,
a claimmade by the participants regarding the orientation of the target
stimulus (arrows), and feedback from an opponent (computer) in re-
sponse to the participants' claims (see Fig. 1.). White arrows were
presented for 400ms on a black background as target stimuli. Partici-
pants were instructed to freely make claims to the computer about
arrow direction by pressing the corresponding mouse buttons. The
feedback stimulus (i.e., the words “agree”, “disagree” or “accepted” in
the control PET condition)was presented 2800ms after the target stim-
ulus onset and was exposed for 400ms. All feedback words and stimuli
were printed in Russian in white and were presented on a black back-
ground and with the use of the PC-based “Psytask” software (http://
bio-medical.com/products/psytask.html).

There were two types of PET conditions, consisting of 30 consecutive-
ly presented trials with 15 randomly appearing upward and 15 down-
ward arrows. In the “Deception” condition, participants were allowed to
play with the computer. In the “Truthful control” condition, participants
were instructed to press the buttons in strict accordance with the direc-
tion of the presented arrows and the word “accepted” was presented as
e PET study.

http://bio-medical.com/products/psytask.html
http://bio-medical.com/products/psytask.html


Fig. 2. Schemes of trials presented in fMRI study.
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a control feedback stimulus. Every PET conditionwas repeated twice, and
their order was counterbalanced between subjects.

PET scans were performed on a Scanditronix PC2048-15B camera
(15 parallel slices with inter-slice distance of 6.5mm and in-plane spa-
tial resolution of 6.5mm FWHM in the centre of the FOW) with the use
of 15O-labelledwater as a tracer and the auto-radiographicmethod, fol-
lowing an intravenous bolus injection. A PET scanwas acquired approx-
imately 5–7 s after the bolus injection. The image reconstruction was
done with 7 mm Hanning filter and measured attenuation correction
(68Ge/68Ga 10-min transmission scan, performed prior to the study).
To keep the quasi-stable state during the scan, the experimental task
started 10 s before the start of PET data acquisition and finished after
the end of the scan.

PET data were pre-processed and analysed with the Statistical Para-
metric Mapping 8 software (SPM8, http://www.fil.ion.ucl.ac.uk/spm)
running in MATLAB (Mathworks Inc., Natick, MA, USA).

At the first stage of analysis, images of regional cerebral blood flow
(rCBF) from a single subject were realigned to correct scan-to-scan
head movements. After this step, images were spatially normalised
and smoothed with a Gaussian filter of 12 × 12 × 12mm width. Next,
the resulting activity data were normalised for differences in global
flow by voxel by voxel scaling to a global mean of 50ml/dl/min.

Statistical parametric maps were obtained using a voxel-wise, FDR-
corrected threshold of pb 0.05. Because the application of FDR correction
(Genovese et al., 2002) indicates that among all active voxels there are
less than 5% false positives,weused adjusted cluster thresholds (k) to con-
trol for false positive findings for particular comparisons. For example, if
1000 voxels survived after FDR correction, only clusters containing more
than 50 voxels were reported (i.e., k N 50). Statistical parametric maps of
the corresponding t-statistics, obtained from the results of condition con-
trasts (“Deception” N “Truthful control”). For the identification of cluster
localisations, we used the SPM Anatomy toolbox (Eickhoff et al., 2007).

2.4. Functional MRI study design, data processing and statistical analysis

The experimental task was divided into 2 runs of approximately
15 min each. Runs consisted of two types of randomly presented
trials: 1) 60 gaming trials in which the participant played with
the computer by making deceptive or honest claims about arrow
orientation — “DecClm” and “HonClm” trails, respectively; 2) 30
control trials in which the participant pressed the buttons in strict
accordance with the orientations of the presented arrow — “Catch”
trials. The type of presented arrow informed the participants about
the gaming condition (white solid arrow) or the presence of a
“Catch” trial (black arrow with white outline). The principle struc-
ture of the trial was the same as in the PET study but with slight dif-
ferences in timing and in feedback stimuli (see Fig. 2). B). Target
stimuli were presented for 500ms and were followed by participants'
truthful or deceptive claims. After 4000ms from target stimulus presen-
tation, participants' claimswere challenged or accepted by the comput-
er via the presentation of corresponding feedback stimuli for 500 ms.
Instantaneously, another feedback stimulus was presented for 500ms
to inform subjects about the monetary value of their gain or loss in
that particular trial in total payment for participation in the study
(1000 RUR). The introduction of an additional feedback stimulus was
done to control for the participants' motivation and involvement in
the experimental task. Feedback stimuli in Catch trials were followed
by information in the form of a signal regarding the accuracy of the re-
sponse by the presentation of a “*” in case of correct button pressing. In-
correct responseswere followed by amonetary penalty (“−2” in RUR.).

The total duration of each trial was 8500 ms, and the interval be-
tween trials varied from 500, 1000, 1500, 2000 to 2500 ms (mean
1500 ms). Stimulus administration, participants' responses and syn-
chronisation with the functional image acquisition in the fMRI study
were controlled by the In vivo Eloquence fMRI Systemand E-Prime soft-
ware (version 1.1, Psychology Software Tools Inc., Pittsburgh, PA, USA).

Magnetic resonance imaging was performed on a 3 Tesla Philips
Achieva. Structural images were acquired with a T1-weighted pulse se-
quence (T1W-3D-FFE; TR=2.5ms; TE=3.1ms; 30° flip angle)measuring
130 axial slices (field of view, FOV=240mm×240mm; 256×256 scan
matrix) of 0.94mm thickness. Functional images were obtained using an
echo planar imaging (EPI) sequence (TE= 35ms; 90° flip angle; FOV=
208mm× 208mm; 128 × 128 scan matrix). Thirty-two continuous 3.5-
mm-thick axial slices (voxel size=3mm×3mm×3.5mm), covering the
entire cerebrum andmost of the cerebellum, were orientedwith reference
to the structural image. The images were acquired using a repetition time
(TR) of 2000ms.

Image pre-processing and statistical analyses of the fMRI data were
performed using SPM8. Pre-processing procedures included spatial
image realignment and normalisation to a standard stereotactic MNI
template (MontrealNeurological Institute), aswell asGaussian smooth-
ing (8mm full-width at half-maximum).

http://www.fil.ion.ucl.ac.uk/spm
image of Fig.�2


Table 1
Brain areas of relative rCBF increase observed in PET study.

Brain region T-value Cluster size in voxels Peak MNI coordinates

x y z

Deception N truthful control (k N 290)
R. Middle frontal gyrus (BA 10) 5.75 2282 38 54 8
R. Inferior parietal lobule (BA 40) 5.22 1435 50 −46 40
L. Anterior cingulate cortex (BA 32/24) 4.73 960 −2 32 26
R. Superior/medial frontal gyrus (BA 6) 4.00 8 40 32
L. Inferior frontal gyrus (BA 44) 4.63 300 −40 12 26
L. Inferior parietal lobule (BA 40) 5.00 294 −40 −64 46

Truthful control N deception (k N 35)
L. Precuneus/posterior cingulate (BA 31/23) 5.45 354 −8 −74 22
L. Supra marginal gyrus (BA 40) 4.59 206 −54 −26 26
R. Superior temporal gyrus (BA 22) 4.85 54 54 −14 −4

Only significant voxels after FDR correction are presented. Denotations: BA, approximate Brodmann's area; L/R, left/right hemisphere; k, applied cluster size threshold.
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At the first stage of fMRI analysis, we used 6 regressors in a general
linear model (GLM): “HonClm”, “DecClm”, “Catch”, “Win Feedback”
(accepting subject's deceptive claim or rejecting subject's truthful
claim), “Defeat Feedback” (accepting subject's truthful claim or rejecting
subject's deceptive claim), and “Catch Feedback”. Feedback stimuli as
repressors were introduced to the GLM model to reveal parameters
describing BOLD changes caused by deceptive and honest claims and si-
multaneously to regress out BOLD changes associated with feedback
information processing. “HonClm”, “DecClm” and “Catch” events were
modelled beginning with the moment of button press. Feedback events
(i.e., “Win Feedback”, “Defeat Feedback” and “Catch Feedback”) were
modelled beginning with presentation of the value of monetary gain
(“Win Feedback”) or loss (“Defeat Feedback”). Each regressor was con-
volved with a canonical HRF (haemodynamic response function), and a
temporal high pass filter (cut-off: 128 s) was applied. Translations and
rotations in the x, y and z directions produced at the realignment stage
were also included in the GLM as confounding regressors to control for
residual head movement artefacts.

At the second stage of analysis, randomeffects analysis, contrasts of es-
timated beta maps calculated at the first level for each comparison and
subject, were analysed with one-sample t-tests between pair-wise con-
trasts of interest: HonClm N Catch, DecClm N Catch, DecClm N HonClm.
We applied an FDR corrected voxel-wise threshold (p b 0.005, k N 30).
Additionally, to evaluate the difference between the deceptive and the
honest claims we used pair wise comparisons DecClm N HonClm and
HonClm N DecClm with correction at voxel level FDR p b 0.025. The ana-
tomical location of revealed significant BOLD changes was identified by
the Anatomy toolbox (Eickhoff et al., 2007).

3. Results

3.1. PET study results

Behavioural data analysis revealed that the total amount of decep-
tive and truthful claims in the first (12.6 ± 3.3 deceptive and 13.4 ±
3.3 honest) and the second (13.2±3.7 deceptive and 12.8±3.7 honest)
“Deception” PET conditions did not significantly differ between subjects
(p b 0.68 and p b 0.69 respectively). Overall quantity of the deceptive
(25.7±5.6) and the honest (26.25±5.6) claims also did not statistically
differ (pb0.89). This result replicates our previousfindings (Kireev et al.,
2007, 2008), and it demonstrates the absence of bias towards a particu-
lar claim type.

To detect brain areas involved in the maintenance of deception, the
“Deception”N “Truthful control” contrast was analysed (Table 1, Fig. 3.).
Six clusters of rCBF increase were located in the right middle (MFG; BA
10) and left inferior frontal cortex (IFG; BA 44), left anterior cingulate
cortex (ACC, BA 32/24) and superior/medial frontal gyrus (BA 6/SMA),
as well as the right and the left parietal lobule (IPL, BA 40). Relative
decreases in activity during the “Deception” condition were detected
in the “Truthful control” N “Deception” contrast in the left precuneus/
posterior cingulate (BA 31/23), left supramarginal gyrus (BA 40) and
right temporal gyrus (BA 22).

3.2. Functional MRI study results

Behavioural data obtained from the fMRI study are in linewith those
observed in the PET study. In gaming trials, the group means of decep-
tive (55.9±12) and honest (61.04±10.8) claims did not significantly
differ between participants in the study (p b 0,93). Because fourteen
subjects executed more deceptive claims than honest claims, we addi-
tionally analysed the dependency between the amount of a particular
type of claim and the outcome in terms of gain or loss. For this purpose,
we applied a contingency table using a chi-squared method that re-
vealed the absence of any statistically significant dependency (p =
0.76): six “deceptive” and four “honest” subjects defeated the computer
(more overall gains than losses).

Imaging results also complemented and largely reproduced the find-
ings of the PET study (See Table. 2., Fig. 4.A–C). First, the comparison be-
tween deceptive and control trials revealed significant BOLD changes in
the right and left inferior frontal gyri (IFG), insula, precentral gyrus
(BA6, PrcG), anterior cingulate cortex, caudate nuclei, and inferior pari-
etal lobule (IPL). Second, a similar pattern of BOLDactivitywas observed
in the “HonClm”N “Catch” comparison, which demonstrated a common
neuroanatomical functional network involved in the processing of both
deliberately deceptive and honest claims in situations when both are
balanced in terms of behavioural value and are implemented formanip-
ulative purposes. The latter is supported by a conjunction analysis of the
gaming and control trials in “DecClm” N “Catch”, “HonClm” N “Catch”
(Fig. 4.C).

To investigate BOLD changes associated with deliberate deception
claims we additionally compared “DecClm” and “HonClm” trials and
identified six clusters of significant BOLD increase (Fig. 4.D) located in
the bilateral caudate nuclei, PrcG (BA6) and IPL (BA 39/40). Backwards
“HonClm” N “DecClm” comparison did not reveal significant changes in
functional brain activity reflecting the execution of honest claims.

4. Discussion

In the PET study, experimental conditions wherein participants de-
liberately made honest or deceptive claims (as compared with control
correct button presses) were associated with an increase in rCBF in
the bilateral prefrontal, right anterior cingulate and right parietal corti-
cal areas. Because the ACC is acknowledged to be the key brain node in
an error detection brain system (Carter et al., 1998; Ullsperger and von
Cramon, 2001), we believe it is possible that activation of the ACC re-
flects the involvement of an error detection mechanism (ED) in the



Fig. 3. Brain regions associated with processing of deception revealed in the PET study. Clusters of increased/decreased rCBF associated with “deception” condition, as compared with
“honest” condition, are projected onto brain template and denoted by red/blue colour. Right/left side of images corresponds to the right/left side of the brain template. Numbers at the
top of the brain template images denote crosshair coordinates (y,x,z— from left to right). Colour scales represent T-score value for presented statistical maps. Denotations: ACC, anterior
cingulate cortex; IFG, inferior frontal gyrus; IPL, inferior parietal lobule; MFG, medial frontal gyrus; and SG, supramarginal gyrus.
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brain processing of deliberate deception. From this point of view, decep-
tive actions are considered to be the wilful execution of an odd re-
sponse, which contradicts known information about the correct action.

The first experimental data exploring brain activity specifically
reflected in the reaction to unwilled erroneous performance were re-
ported in 1968 by N. Bechtereva and V. Gretchin. Furthermore, their
findings were obtainedwith the use of microelectrode recordings of tis-
sue oxygen tension in the basal ganglia and have been replicated in a
number of studies recording neuronal impulse activity (Bechtereva
et al., 1990, 1991) and electrical brain activity (Falkenstein et al.,
1991; Gehring et al., 1993). The general physiological principles and
purposes of ED functioning have been formulated in the following
way: “… an error which will lead to activation of this brain system
(i.e., sense of vague alarmorwrongness) is an incorrect (ill/odd) performance
of any element of stereotypic actions (for instance, light is not switched off at
leaving). It is themechanismwhich constantly compares a current condition,
a situation or activity with the corresponding standard in memory.
If there is a mismatch between a current situation and its model in
memory, then the system generates a signal of a mismatch which starts
the necessary reactions of a brain and an organism” (Bechtereva et al.,
2005). Thus, the ED mechanism is responsible for automatic control over
behaviour, that is, it is achieved by virtue of the comparison between the
current situation (action) and a memory trace for the “standard/relevant
one” (long- or short-term).

Considering this principle, we believe that in the present experi-
mental settings, the brain ED detects the incompatibility of executed
deceptive claims with respect to known correct stimulus–response
mappings. This could explain the observed greater amplitudes of the
mid-frontal negativity associated with deceptive claims that we dem-
onstrated in our earlier ERP study (Kireev et al., 2007, 2008). Such a sug-
gestion, regarding the impact of ED in deception, is also in line with the
proposition that the deception may be described as a conflict between
the information known to the deceiver as true (Johnson et al., 2003)
and the verbal response produced by the deceiver. In spite of some dif-
ferences between the PET and ERP, including the time resolution of the
recorded physiological process (minutes vs. milliseconds), ACC activity
revealed in the present PET study can be considered to be the possible
origin of the previously observed ERP phenomenon and involvement
of the ED in deception processing.

The involvement of the ACC in deception was reported earlier in a
number of studies (Ganis et al., 2003; Ganis and Keenan, 2009; Ganis
et al., 2010; Abe et al., 2007; Langleben et al., 2002; Nuñez et al., 2005;
Lee at al., 2005), and it was considered to be a part of a distributed
brain network responsible for deception. However, an increase in ACC
activity is also associated with correct responses executed during con-
flict situations (Debener et al., 2005; Yeung et al., 2004). This makes
the account of conflict monitoring an equally reasonable explanation
for the observed ACC activation. Indeed, both the conflict monitoring
theory (Botvinick et al., 2001; Yeung et al., 2004) and the conception
of the brain error detector suggested by Bechtereva et al. (2005) assume
the same general principle of the monitoring of ongoing activity for
response conflict or mismatch.

In the present study, ACC activation may also represent a general
purpose brainmechanism responsible for cognitive control during deci-
sions between truthful or deceptive claims and/or outcome processing.
In accordance with the notion that truth and deception are conflicting
entities (Johnson et al., 2003), deceiving others will require cognitive
control, and therefore, the brain's ability to detect the conflict between
both alternatives (deception and truth) will play an important role.

One limitation of our PET study is intrinsic to themethodological pe-
culiarities of PET data collection because it was impossible to create a
long enough experimental condition with only deceptive or honest

image of Fig.�3


Table 2
Brain regions showing activation in deceptive and honest claims.

Brain region T-value Cluster size in voxels Peak MNI coordinates

x y z

DecClm N Catch (FDR p b 0.005)
Left precentral gyrus (BA6) 8.47 2163 −45 −1 49
Left inferior frontal gyrus (p. Opercularis, BA 44) 8.28 −51 14 22
Left inferior frontal gyrus (p. Triangularis, BA 45) 8.24 −54 17 4
Right caudate nucleus 8.01 9 8 7
Left insula lobe 7.73 −33 20 1
Right middle frontal gyrus 8.58 979 48 20 40
Right inferior frontal gyrus (p. Triangularis, BA 45) 7.17 42 23 28
Right insula lobe 5.62 33 23 −5
Right middle frontal gyrus (BA 44) 5.34 45 8 52
Right middle frontal gyrus (BA6) 5.21 39 2 52
Right superior medial gyrus (BA 6) 9.67 806 6 29 46
Left superior medial gyrus 9.63 3 32 43
Left SMA (BA 6) 7.19 −3 17 61
Left anterior cingulate cortex (BA 32) 4.49 3 41 22
Left inferior parietal lobule (BA40) 8.27 607 −42 −46 37
Left inferior parietal lobule (BA 7A) 7.63 −33 −61 52
Left middle occipital gyrus 6.67 −30 −70 28
Left inferior parietal lobule (BA 39) 6.53 −33 −58 40
Right inferior parietal lobule (BA 40) 7.80 491 42 −55 46
Right middle occipital gyrus 7.78 36 −49 40
Right angular gyrus (BA 39) 5.40 33 −70 28
Right angular gyrus (BA 7A) 5.24 54 −52 34
Left middle orbital gyrus (BA 10) 5.54 274 −36 53 −2
Left middle frontal gyrus (BA 10) 5.54 −39 47 1
Left inferior frontal gyrus (p. Orbitalis, BA 45) 5.53 −48 41 −8
Left inferior frontal gyrus (p. Triangularis, BA 45) 4.83 −45 41 −2
Left middle orbital gyrus (BA 10) 4.75 −45 50 −8

HonClm N Catch (FDR p b 0.005)
Left superior medial gyrus (BA 8) 10.24 429 3 35 43
Right superior medial gyrus (BA 6) 9.43 3 26 52
Right SMA (BA 6) 4.80 12 14 58
Left inferior parietal lobule (BA 7A) 6.36 225 −36 −61 52
Left angular gyrus (BA 39) 6.28 −39 −58 46
Left inferior parietal lobule (BA 40) 6.00 −42 −49 40
Left inferior frontal gyrus (p. Opercularis, BA 44/45) 5.82 187 −51 14 22
Left precentral gyrus (BA 6) 5.56 −39 −1 40
Left precentral gyrus (BA 44) 5.55 −45 5 34
Left inferior frontal gyrus (p. Triangularis, BA 44) 4.55 −36 23 22
Right middle frontal gyrus (BA 9) 7.45 163 45 23 34
Right middle frontal gyrus (BA 8) 7.11 48 20 40
Right precentral gyrus (BA 44) 4.65 42 −2 39
Right inferior parietal lobule (BA 40) 6.44 104 39 −52 43
Left caudate nucleus 5.71 79 −6 8 1
Left thalamus 4.95 −6 −10 −2
Left insula lobe 6.01 59 −36 20 1

Conjunction DecClm N Catch and HonClm N catch (FDR p b 0.005)
Left SMA (BA 6) 9.08 603 3 23 55
Right superior medial gyrus (BA8) 8.20 6 38 40
Left precentral gyrus (BA 6) 6.33 468 −42 −1 52
Left precentral gyrus (BA 44) 6.11 −45 5 34
Left inferior frontal gyrus (p. Opercularis, BA 44) 5.65 −45 17 22
Left inferior parietal lobule (BA 7) 6.21 327 −39 −58 49
Left inferior parietal lobule (BA 40) 6.12 −45 −49 46
Right middle frontal gyrus (BA 9) 7.35 326 45 20 37
Right precentral gyrus (BA 44) 5.16 42 2 34
Right middle frontal gyrus (BA 44) 4.42 45 11 49
Right inferior parietal lobule (BA 40) 6.81 246 39 −52 46
Right angular gyrus (BA 39) 4.21 54 −52 34
Left caudate nucleus 6.73 174 −9 5 1
Left thalamus 4.39 −9 −13 4
Left insula lobe 6.11 112 −33 23 −2
Left inferior frontal gyrus (p. Opercularis, BA 44/45) 3.92 −48 14 7
Right inferior frontal gyrus (p. Triangularis, BA 45) 5.24 92 42 20 10
Right insula lobe 4.88 33 23 −2
Left middle frontal gyrus (BA 10) 4.48 71 −39 53 1

DecClm NHonClm (FDR p b 0.025, k N 30)
Right caudate nucleus 6.92 300 15 −10 19
Right thalamus 5.73 9 −13 16
Left thalamus 4.45 −6 −22 1
Left middle occipital gyrus 5.42 130 −33 −67 28
Left inferior parietal lobule (BA 40) 4.65 −39 −37 37
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Table 2 (continued)

Brain region T-value Cluster size in voxels Peak MNI coordinates

x y z

Left supra marginal gyrus (BA 40) 4.50 −45 −46 34
Left angular gyrus (BA 39) 4.48 −30 −55 34
Left putamen 5.26 123 −9 8 −5
Left caudate nucleus 4.90 −12 11 16
Left insula lobe 3.71 −27 13 −3
Cerebellar Vermis 5.34 106 0 −64 −8
Right Cerebellum 4.02 12 −61 −11
Left Precentral Gyrus (BA 6) 6.86 103 −36 −1 58
Left Middle Frontal Gyrus (BA 6) 5.39 −33 8 52
Left Superior Frontal Gyrus (BA 6) 4.69 −27 −4 64
Right Middle Frontal Gyrus (BA 6) 6.75 102 36 5 55
Right Superior Frontal Gyrus (BA 6) 5.16 33 −4 58
Right Precentral Gyrus (BA 6) 4.25 45 −4 49
Right Angular Gyrus (BA 40) 5.84 70 42 −43 34
Right Inferior Parietal Lobule (BA 7) 3.96 39 −49 49
Right Supra Marginal Gyrus (BA 40) 3.81 54 −40 37

Results of event related fMRI data revealing both common and distinct BOLD signal changes associated with deceptive and honest claims. Denotations: Catch— trials with correct button
pressing; DecClm— trials with deceptive claims; HonClm — trials with honest claims; BA, approximate Brodmann's area; k, applied cluster size threshold; SMA— supplementary motor
area; FDR — false discovery rate; and FWE — family wise error.
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claims without special instruction. The “Deception” condition differs
from the “Truthful control” not only in terms of deceptive behaviour but
also in a number of psychological processes such as decision making and
feedback stimuli evaluation that may also impact the observed rCBF
changes (Marco-Pallarés et al., 2007; Rosenfeld et al., 2012). It is known
that theACC is also responsible for feedbackprocessing andoutcome eval-
uation (Nieuwenhuis et al., 2005). To overcome this limitation, an event-
related fMRI study was also conducted to reveal changes in functional
brain activity specifically linked to deceptive and honest responding.
Fig. 4. Brain regions associatedwith deceptive and honest claims revealed in the fMRI study. Clu
(A) and in HonClm N Catch comparison (B). Common brain network of brain areas involved in
Brain areas specifically associatedwith deception claims (D). Colour scales represent T-score va
frontal gyrus; IPL, inferior parietal lobule; MFG, medial frontal gyrus; and PrcG, precentral gyru
The results of the fMRI study reproduced the PET findings and impli-
cated a network composed of the IFG (BA 44/5), ACC, PrcG (BA 6),
caudate nuclei and IPL in deception processing. In particular, fMRI data
show that the ACC activity revealed in the PET study specifically reflects
the execution of deceptive claims.

On the other hand, comparable patterns of BOLD changes were ob-
served when subjects made honest claims. This finding indicates that
processing of both deceptive and honest claims share a common neural
network (see Fig. 4.C).
sters of increased BOLD signal associatedwith DecClm trails as comparedwith Catch trials
execution deceptive and honest claims (C, conjunction DecClm N Catch, HonClm N Catch).
lue for presented statistical maps. Denotations: ACC, anterior cingulate cortex; IFG, inferior
s.

image of Fig.�4
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Similar to our results, BOLD changes associated with honest claims
have also been reported in a number of studies with the use of ecologi-
cally valid experimental tasks assuming free decision-making. For ex-
ample, in the K. Sip et al.'s (2010) study, honest claims in game
settings (in comparison with control responses) were associated with
an increased activity in a left prefrontal area (BA 10). The authors
explained this result as the manipulative nature of their honest claims
(as in our study). In another study (Greene and Paxton, 2009), a refrain
from lying was compared with deceptive actions in dishonest persons
andwas associatedwith activity within a fronto-parietal brain network,
which was similar to that revealed in our study. Activations within this
network can be ascribed to brain systems responsible for the mainte-
nance of a wide range of brain processes related to deception: genera-
tion of novel (deceptive) responses, making the decision to lie or not,
inhibition of proponent truthful responding and general executive pro-
cesses (Spence et al., 2004; Spence, 2009; Christ et al., 2009). It is highly
probable that these processes are not uniquely related to deception, but
rather that they exhibit “general purpose” brain mechanisms responsi-
ble for monitoring and regulation of the other various types of human
behaviour.

In our fMRI study, a brain network specifically involved in deliberate
deception processing was revealed that included the following: bilater-
al activation of the caudate nuclei (NC), PrcG (BA 6) and IPL (39/40).
These regions were detected during direct comparison between decep-
tive and honest claims. We did not find in the literature any data
reporting NC involvement in a freely chosen deception. An association
of functional activity in the NCwith deceptionwas reported in six stud-
ies with instructed lies (Lee et al., 2002; Abe et al., 2008; Kozel et al.,
2005; Harada et al., 2009; Nuñez et al., 2005). This activity has been
interpreted either in terms of increased cognitive demands for falsifying
information (Nuñez et al., 2005) or has been discussed from the posi-
tion of an application of the usual response inhibition and monitoring
of error performance (Lee et al., 2002). The former proposition corre-
sponds to the functional role of the NC as a part of the cognitive control
brain network in conflicting conditions (for example, in a dichotic sylla-
ble listening task (Kompus et al., 2012) or sentence comprehension set-
tings (Mestres-Missé et al., 2012)). The latter interpretation is in
accordance with the known fact that the NC is involved in response
inhibition and selection (Menon et al., 2001; Wager et al., 2005). In-
triguingly, the first brain region in which activity was demonstrated in
response to erroneous performance was the NC (Bechtereva and
Gretchin, 1968). Thus, the observed activation of the NC detected in
our study is in linewith the hypothesis regarding ED involvement in de-
liberate deception. It was recently shown that the NC is functionally in-
tegrated with the ACC, prefrontal cortex and SMA during detection of
conflict in tasks assuming response execution during conflict processing
(Fan et al., 2008).

5. Conclusion

In the present study, we have shown that a fronto-parietal brain net-
work is involved in both freely chosen deceptive and honest actions.We
suggest that the functional role of the ACC within this network consists
of performance monitoring by virtue of an error detection brain mech-
anism.We found that activity in the caudal nuclei is associated with de-
liberate deception, executed in a condition of free choice between
honesty and lying that is in line with the suggestion of a possible role
for error detection in the brain processing of deception.
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