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Does the brain activity underlying the production of deception differ depending on whether
or not one believes their deception can be detected? To address this question, we had
participants commit a mock theft in a laboratory setting, and then interrogated them
while they underwent functional MRI (fMRI) scanning. Crucially, during some parts of the
interrogation participants believed a lie-detector was activated, whereas in other parts they
were told it was switched-off. We were thus able to examine the neural activity associated
with the contrast between producing true vs. false claims, as well as the independent
contrast between believing that deception could and could not be detected. We found
increased activation in the right amygdala and inferior frontal gyrus (IFG), as well as the
left posterior cingulate cortex (PCC), during the production of false (compared to true)
claims. Importantly, there was a significant interaction between the effects of deception
and belief in the left temporal pole and right hippocampus/parahippocampal gyrus, where
activity increased during the production of deception when participants believed their false
claims could be detected, but not when they believed the lie-detector was switched-off. As
these regions are associated with binding socially complex perceptual input and memory
retrieval, we conclude that producing deceptive behavior in a context in which one believes
this deception can be detected is associated with a cognitively taxing effort to reconcile
contradictions between one’s actions and recollections.
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INTRODUCTION
Deception is inherently social. Deceptive behavior involves not
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“lie-detector” was not real, and comprised two mock electrodes
and a finger grip to imitate a polygraph test.

Two rooms were used in the mock-theft stage. The rooms were
marked “red” and “blue” by pieces of appropriately colored paper
placed on the inside and outside of each door. Each room con-
tained typical office furniture and items, among which were a pair
of earphones and a USB memory stick. The earphones and mem-
ory sticks were placed out of immediate view, in specific locations
known to the researchers.

Each participant was escorted by the experimenter (author
KES) to the corridor outside the red and blue rooms. Participants
were informed that they had the right to refrain from taking part
in the study, if it conflicted with their morals, and they would still
be paid for participation. No participant took this option.

The participants were asked to enter each room and search it
carefully in order to locate the earphones and the USB memory
stick. They were asked to select one room and “steal” a single
object from it. Participants could enter the rooms as many times
as they wanted, but were asked to go into each room at least once
in order to become familiar with both rooms and locate all the
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the task. Participants were informed both auditory and with
written text each time the “lie-detector” was supposedly turned
on or off.

Participants were not explicitly instructed to produce false
statements, but merely motivated to try and keep the object they
took. The questions used during the interrogation fell into several
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to true) responses in similar regions to those found in those
previous studies (Ganis et al., 2003; Langleben et al., 2005;
Abe et al., 2007; Baumgartner et al., 2009; Kozel et al., 2009;
Sip et al., 2012): amygdala, IFG, and PCC. Our main ques-
tion, however, was whether the difference between the neural
activation evoked by false and true responses would be mod-
ulated by participants’ beliefs about whether their deception
could be detected, and whether such modulation would occur
in all or only in a subset of the regions that process deception
production.

Significantly activated regions identified in the second level
analysis are detailed in Table 1. The tests revealed a main effect of
response type, whereby producing deceptive responses was asso-
ciated with higher BOLD activation, in the right amygdala and
IFG, and in the left PCC (Figure 3). There were no regions in
which a main effect in the opposite direction (true > false) was
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FIGURE 4 | The interaction between response type (true or false) and

belief about the lie-detector (on or off). Panels on the left show the
activation cluster and panels on the right show parameter estimates in the
activation cluster in the right hippocampus/parahippocampal gyrus (A and B)

and left temporal pole (C and D). In these loci, the difference between the
BOLD activation caused by false vs. true responses was abolished (and for
the hippocampus/parahippocampal gyrus, reversed) when participants
believed the lie detector was off.

reported in previous neuroimaging studies of deception [for a
review see Sip et al. (2008a)]. Unlike these previous studies, we did
not observe activation in dorsolateral prefrontal cortex (DLPFC),
ACC, or the caudate nucleus. The fact that we found activa-
tion in a smaller set of regions than previously reported could
be due to several factors that are not substantive to the issue of
deception, such as the specific statistical model and significance
thresholds employed in different studies, specific characteristics
of the participant cohort, or the visual and auditory stimuli used
in the course of the interrogation. We speculate, however, that
a substantive factor—the realistic nature of the mock-theft sce-
nario used in the present study—might also potentially be at
play. Such scenarios have been shown previously to reduce par-
ticipants’ physiological arousal (indicated by skin conductance)
during interrogation, compared to more standard experimental
procedures (though it must be noted that this was observed in
the context of a different method for lie-detection, and may have
been modulated by reduced memory for crime-related items;
Carmel et al., 2003). Although negative findings (the absence of

activation in particular brain regions) must always be interpreted
with extreme caution, further work may benefit from attempting
to address the relation between how realistic a mock-crime sce-
nario is and how widespread neural activation across the brain is
during interrogation.

MAIN EFFECTS: DECEPTIVE vs. TRUTHFUL RESPONSES
Deceptive responses produced greater BOLD responses than
truthful responses, regardless of the belief condition, in three
regions: the right amygdala, right IFG, and left PCC. The amyg-
dala and IFG have been implicated in recent ecologically valid
examinations of deception (Abe et al., 2007; Baumgartner et al.,
2009; Sip et al., 2012). Here, the observed activation in the
amygdala, which is known to be involved in processing emotion-
ally relevant information [for a review see Dolan (2007); Olson
et al. (2007)], suggests that participants experienced an emo-
tional conflict resulting from making false claims while risking
a potential confrontation, and that this occurred regardless the
believed status of the lie-detector device. Abe et al. (2007) were the
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first to report amygdala involvement in producing verbal decep-
tion, employing a realistic scenario in which participants under-
went interrogation. They speculated that emotional processing,
reflected in the increased amygdala activation they observed, was
associated with attempts to deceive the interrogator. In a dif-
ferent study, Baumgartner et al. (2009) showed that breaking a
previously expressed promise and consequently deceiving oth-
ers in a social context appears to create anxiety associated with
social consequences of the act rather than with producing false
claims per se.

In previous studies, the PCC has been implicated in process-
ing the emotional aspects of context and in integrating emotion-
and memory-related processes (Mohamed et al., 2006). Here we
observe increased activation for producing false vs. true claims,
suggesting that the cognitive load associated with deception
places demands on emotional processing. This specific process-
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decision-making. They showed that the hippocampus not only
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