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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
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“lie-detector,, 4gs not real, and comprised t 4p mock electrodes
and a finger grip to imitate a poligraph test.

T rooms ygre used in the mock-theft stage. The rooms ygre
marked “red; and “blue, b ‘.rpieces of appropriatel \’golored paper
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to take the memor \Hstick rather than the earphones, claiming in
debriefing that the . found it more appealing; the fact that the
choice s not random confirms that the task qs engaging and
personalli releyant.

Eight of the 17 participants reported that thei had tried to
use strategies to ayoid detection. grategies included attempting

to control their breathing, focusing on something else, silenth,1

repeating in their heads I didn’t steal anything, or tr ‘.)i'ng to prolong
their response times (hen giving truthful ans grs in an attempt
to confuse the interrogator (e.g., one participant said “I would
delay giving a response when asked about the object I didn’t steal
to create confusion,, s

All the participants reported that thei found the interrogation
realistic (i.e., none of them suspected that the questions the  AfTe
asked (gre actuallwre—recorded 55 though unsurprisingl y some
of them noted that the - ,(,g)uld haye been more neryous if the
interrogation had not taken place in the conte { of an e_periment.
The majorit wf the participants (13 out of 17 freported that the:
founc.l it easier to lie (hen they ygre told that the lie-detector gs
inactiye.

BEHAVIORAL RESULTS

To e gmine (hether the belief that a “lie-detector, 4gs actiye
affected participants’ production of deceptiye responses,
e gmined reaction time (RT-data (pufe, et al, 2009 Abe
et al.,, 2007; I»tozel et al, 20057 RTs gre calculated as the
duration from the end of a question to the participant’s but-
ton response. A 2 (belief: “lie-detector, on, “lie-detector,
off - x 2 (question type: theft-related truth-eliciting, theft-
related falsehood-eliciting - repeated-measures A }JO g revealed
no main effects [belief: F(; 16y = 0.16% p=0.6% question
tipe: F1.16) = 0.00, p=0.%], and no interaction bet gen
belief and question type [F1, 16) = 2.881, p =0.143; see
Figure 2]. The similarit‘;ﬂbet wen the RTs eyoked by ques-
tions in the different conditions calls into question preyious
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FIGURE 2 | Mean RT under the different conditions. Separate means are
given for false, true and general responses with the lie-detector “on” and
"off” Error bars represent one standard error of the mean. Participants’
responses were slower for general questions than for theft-related
questions. RTs to truth- and falsehood-eliciting theft-related questions did
not differ, and RTs were not modulated by whether the lie-detector was
“on" or "off.”

Belief in lie-detection modulates deception

reports (e.g., Muile, et al., 2005; Abe et al., 2007; ko, el et al.,, 200 955
which suggested that RTs could be used to distinguish deceptive
and truthful behayior (but see the Afﬁcussion, where ¢ note the
limitations of using RTs in the present conte § =

Interestingl, e _gmination of the general questions indicated
that the, eyoked longer RTs than theft-related ones. Indeed,
including them in the statistical analysis, by running a » (belief:
“Lie-detector, on, “Lie-detector, off,-x $ (question type: theft-
related truth-eliciting, theft-related falsehood-eliciting, general
truth-eliciting -repeated-measures A 1{O & revealed a main effect
of question type [F(;,35) =101, p < 0.05], but no main effect
of belief [F(1, 16y = 0.71, p = 0.41] nor an interaction bet Wen
belief and question t\IRe [F5, 3, = 1.78,p = 0.1 (Figure 2= To
inyestigate the main effect further, post-hoc paired t-tests [cor-
rected for multiple comparisons using the sequential {gnferroni
method (Holm, 14 % Rice, 158 3~and collapsed across the belief
conditions, as there 4gs no main effect of belief] gre con-
ducted. The tests indicated that participants’ responses to general
questions gre slo gr than to either the theft-related falsehood-
eliciting [t(16) = 8.45, p < 0.03] or theft-related truth-eliciting
questions [t(j6) = .81, p < 0.05]. RTs to theft-related truth-
eliciting and theft-related falsehood-eliciting questions did not
differ [t(16) = 0.02, p = 0.93]. These findings suggest that the
increased arousal caused by being asked theft-related questions
ma \’bave increased the speed jth yhich participants responded
to such questions, but the specific content of the questions—
whether or not thei referred to the object the participant had
stolen—did not modulate response times. A different possibil-
it %that must be ackno ledged is that the pre-recorded theft-
related questions gre easier to discern phile the&“,@re still
being read out, leading to uniforml \’gaster responses than general
questions did.

Three participants e plicitl stated in the post-scan question-
naire that the tried to slo y,their truthful responses in order to
mislead the interrogator. Ho Wiver, the behayioral data sho y,that
although these three participants made slo gr responses over-
all, the patterns of their RTs did not differ from the rest of the
group. —gspite their claims, their response times (gre actually
slightl faster for true compared to false claims. E_gluding these
participants did not alter the pattern or significance of an xA)f the
anal \ses reported.

Participants missed an ayerage of 3.6 trials (;g—5= 4.1,-out
of a total of 104 trials. One participant missed 14 trials and \qs
the onli_outlier in terms of missed responses (># standard deyi-
ations from the mean, This participant’s behayioral responses
ere other wise ‘(,ithin % standard deyiations from the mean on all
measures, and e gluding this participant did not alter the pattern
or significance of an ‘.)s)f the anal \ses reported.

IMAGING RESULTS

To e _gmine the effect of belief on the brain actiyity underl\;'
ing the production of deception, 4 e_gmined (L (yesponses
eyoked bi_questions in a factorial design jth the factors belief
(lie-detector on or off -and behayior (true or false responses =
Inyestigations comparing the neural actiyity_associated jth
true and false responses haye been carried out before, and
¢ epected to find increased actiyation for false (compared
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to true, responses in similar regions to those found in those
preyious studies (Ganis et al., 2008; Langleben et al., 2005;
Abe et al., 2007; —pumgartner et al.,, 200 Ltozel et al., 200%
agp et al, 20122 amigdala, IFG, and PCC. Our main ques-
tion, ho (gver, qs hether the difference bet ygen the neural
activation eyoked by false and true responses puld be mod-
ulated bi_participants’ beliefs about hether their deception
could betietected, and hether such modulation puld occur
in all or onl \.in a subset of the regions that process deception
production.

ggnificantl|_actiyated regions identified in the second leyel
anal x)§'is are detailed in Table 1. The tests reyealed a main effect of
response tipe, (hereb wroducing deceptiye responses 4gs asso-
ciated jth higher L qqctiyation, in the right amigdala and
IFG, and in the left PCC (Figure 3= There gre no regions in
ohich a main effect in the opposite direction (true > false,- (gs
observed, and no regions sho d a main effect of belief in either
direction (lie-detector on > off or off > on

In addition to the main effects reported above, 4g found a sig-
nificant interaction bet (gen belief and behayior in t 4 regions:
the right hippocampus/parahippocampal girus (Figures 4A,B -

)

and the left temporal pole (Figures 4C,D ;5 regions that haye both

been preyiously associated jth social processes such as theory ,

of mind and face recognition (Olson et al., 2007 5 and decep-
tiye decision-making (Ganis et al., 2008; _ghamed et al., 2006 =
E _gmination of the patterns of responses in these regions reyeals
that the interaction \gs due to greater actiyation hen producing
deceptiye, compared to truthful, responses (fen the lie-detector
s belieyed to be on, and a reyersed pattern (fen the lie-detector
s belieyed to be off.

To further inyestigate the effects underliing the interaction,
anal wed the {PL _zesponses associated ‘(,&11 the simple effects of
deceptiye ys. truthful responses in each belief condition. For the
right hippocampus/parahippocampal g WTUS, 4§ found that hen
participants belieyed the lie-detector 4gs on, actiyation (hen
producing deceptive responses s significantly greater than
when producing truthful responses [t(16) = 5.8/, p < 0.001].
Ho (fver, ‘(,hen the lie-detector WS belieyed to be off both kinds
of response ygre reduced and gre not significantl b different
from each other [t(16) = 1.6, p = 0.14]. glief that lies could be
detected thus led to differential responses in this region. For the
left temporal pole, there s again significantl \ greater actiyation

Belief in lie-detection modulates deception

when producing deceptive (compared to truthful -responses in
the “lie-detector on, condition [t(16) = 2.%4, p < 0.05]. Ho (g ver,
this difference 4gs reversed in the “lie-detector off, condition,
in yhich truthful responses led to significantl \ greater responses
than deceptiye responses [f(16) = 8.64%, p < 0.01].

DISCUSSION

lig, conducted an f RI inyestigation to test ether beliefs
about ho 4, detectable deception s puld affect the neural
actiyit . inyolyed in producing it. @eciﬁcall‘% W studied the
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FIGURE 3 | The main effect of response (false > true). Panels on the left
show the activation cluster and panels on the right show mean parameter
estimates in the activation cluster in the right amygdala (A and B), right IFG
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(C and D), and left PCC (E and F). Deceptive responses in these regions
yielded higher BOLD activation than truthful ones, and this difference was not
significantly modulated by belief about whether the lie detector was on or off.

participants could haye decided (hat response to proyide before
the question s fully articulated. Ho (gver, the actual response
could onl be proyided after the question 4gs posed, so cal-
culating RTs as the elapsed time from the end of the question
s the onhh Wi, o ayoid additional assumptions regarding
the point in time at hich participants decided hat ans gr to
giye. This calculation also ayoided false-positiye difference in RTs
that might be caused bgﬂdifferences in the lengths of the posed
questions.

Our neuroimaging results demonstrate that the assumption
that the same brain regions (puld al Wi, be either actiye or inac-
tive hen one tells a lie or the truth, respectiyel ‘5'1( sthamed
et al., 2006,-is an oyersimplification. jleural actiyit \Hin various
regions, including the ACC, PFC, IFG, the caudate nucleus,
and the am\)gdala (e.g. I»tozel et al., 2003; —fumgartner et al,,
2005 Greene and Pa _fon, 200% .gp et al., 2010, 2013; Gamer
et al., 2013 ,-has been implicated in the production of decep-
tion. The present findings inyolye a smaller set of areas than
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Parameter estimates

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)

BLie
H Truth

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 preyious neuroimaging studies of deception [for a
reyie ysee gp etal. (:008a4. plike these preyious studies, ¢ did
not observe actiyation in dorsolateral prefrontal corte 71(46PFC 5
ACC, or the caudate nucleus. The fact that W found actiya-
tion in a smaller set of regions than preyiousl . reported could
be due to seyeral factors that are not substantiye to the issue of
deception, such as the specific statistical model and significance
thresholds emploied in different studies, specific characteristics
of the participant cohort, or the yisual and auditor stimuli used
in the course of the interrogation. \.¢ speculate, ho ygver, that
a substantiye factor—the realistic nature of the mock-theft sce-
nario used in the present stud\"—might also potentiall . be at
plai, .guch scenarios haye been sho (p preyiousli to reduce par-
ticipants’ ph \)s'iological arousal (indicated by skin conductance -
during interrogation, compared to more standard e perimental
procedures (though it must be noted that this 4gs observed in
the conte_f of a different method for lie-detection, and ma\ have
been modulated by reduced memor . for crime-related items;
Carmel et al., 2008 = Although negatiye findings (the absence of

actiyation in particular brain regions,-must al g S, be interpreted
with e freme caution, further prk mai benefit from attempting
to address the relation bet ygen ho y,realistic a mock-crime sce-
nario is and ho 4, yidespread neural actiyation across the brain is
during interrogation.

MAIN EFFECTS: DECEPTIVE vs. TRUTHFUL RESPONSES

—freptive responses produced greater (9L jresponses than
truthful responses, regardless of the belief condition, in three
regions: the right am \)gdala, right IFG, and left PCC. The am W
dala and IFG haye been implicated in recent ecologicall . valid
e_gminations of deception (Abe et al., 2007; —fumgartner et al.,
200% .gp et al, 2012, Here, the observed actiyation in the
amigdala, hich is kno 4 to be inyolyed in processing emotion-
ally_releyant information [for a reyie y,see ﬂlan (2007 5+ Olson
et al. (2007 4, suggests that participants e _perienced an emo-
tional conflict resulting from making false claims phile risking
a potential confrontation, and that this occurred regardless the
belieyed status of the lie-detector deyice. Abe et al. (2007 - were the
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first to report am x)gdala inyolyement in producing verbal decep-
tion, emplo ;ang a realistic scenario in hich participants under-
Went interrogation. Thei speculated that emotional processing,
reflected in the increased amgdala actiyation the. observed, WS
associated jth attempts to deceive the interrogator. In a dif-
ferent stud ‘%Agumgartner et al. (005-sho 4gd that breaking a
preyiousl Sﬂe_‘pressed promise and consequentl Sﬂdeceiving oth-
ers in a social conte § appears to create an jety associated jth
social consequences of the act rather than jth producing false
claims per se.

In preyious studies, the PCC has been implicated in process-
ing the emotional aspects of conte § and in integrating emotion-
and memor x;'related processes (ghamed et al., 2006,- Here
obserye increased actiyation for producing false ys. true claims,
suggesting that the cognitive load associated jth deception
places demands on emotional processing. This specific process-

ing, ho ygver, qs not modulated by belief in lie-detectability,

indicating that it is largel ‘Hindependglt of those processes that
mediate the emotion and an _jet ‘hengendered b\"the conte_f of
such belief. Preyious studies haye also sho p right TFG inyolye-
ment in deception (Gamer et al., 20075 p et al., 2015 -as (gl
as in response inhibition (
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decision-making. The\ sho ¢d that the hippocampus not onh
encodes re yqrd yalue but also spreads it across items that wre
not preyiousl ;gonsuiered re yqrding. In light of the present find-
ings, 4% propose that the neural connectiyit &'bet ween the hip-
pocampus/parahippocampal girus and amigdala (Phelps, 2004;
Jgmith et al., 2006, mahfaahtate a similar role for the hip-
pocampus/parahippocampal girus in conte §-dependent social
interactions, here social yalue must be fle_jbl '.Pevtssigned.

Interestingl\}'although actiyity in the amigdala ,gs signifi-
cantli modulated by response (deceptiye ys. truthful 5 this mod-
ulation did not interact jth belief about the status of the
lie-detector. Our original h\}iothesis that the amigdala puld
be a prime candidate for belief-related modulation 4gs therefore
notborne out. Importantl g’plrewlous studies reporting deception-
related am\gdala actiyation (Abe et al., 2007; —fumgartner et al.,
200 9~ did not haye the immediate confrontation element that
@S present in the interrogation scenario of the current stud,
The absence of a significant interaction in the amigdala could
thus be due either to belief modulating other functions than the
emotional processes associated jth am \)gdala actiyity, or to a ceil-
ing effect—the interrogation conte § mai haye been sufficient to
induce differential deception-related actiyit . regardless of belief
about lie-detectabilit %,
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CONCLUSIONS

Opyerall, our findings suggest that belief in lie-detection efficac\
modulates a subset of the processes inyolyed in producing decep-
tion. Cognitiye processes inyolying reasoning and theor ‘;»Qf mind,
mediated by the IFG and PCC, as wll as emotional processes
mediated by the amigdala, are inyolyed in the production of
deception—but the absence of modulation bi_belief in these
regions suggests that the processes thei mediate are function-
all \, separate from those inyolying belief. Ho ygver, belief about
the detectabilit. of lies does modulate actiyit . in the tempo-
ral pole and hippocampus/parahippocampal girus, suggesting
that the social conte § and memor x;'related processing kno 4 to
be mediated by these regions are the aspects of deception that
are affected b\ belief. \,e, therefore, conclude that belief in the
efficacy of a lie-detection device matters, emphasi, ing the impor-
tance of such beliefs in both basic research and applied (forensic -
settings.
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