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INTRODUCTION

William Hazlitt (1778-1830), a British writer, once

asserted that, ‘‘life is the art of being deceived.’’

Human social relations are so steeped in deception

that it is impossible to imagine life without it. From

great drama sweeping one away momentarily to

interleaved complex romantic relationships, the

joining of humans is cemented in place by decep-

tion. The basis of who we are (or aren’t) in relation

to others is often predicated on falsification such

that all moral, legal, and ethical systems must take

account of this core feature of human nature. Some

researchers have gone so far as to postulate that

human brains are innately primed to deceive, since

deception is recorded in all societies, extending back

to the earliest written record, and it occurs early in

life in a predictable manner. Given the appropriate

abstract reasoning skills, along with basic social

abilities, human brains quickly discover that re-

wards outweigh the costs associated with deception.

It is therefore an important task of social neu-

roscience to reveal the inner workings of deception.
Deception can be defined in more than one way.

According to some definitions, the intentional

manipulation of the truth is not an essential feature

of deception. Such definitions would include, for

example, the behavior of animals that mimic or

blend into their background, in order to escape

detection by predators. Broader definitions

would include cases such as self-deception, where

the presence of another individual is not even
required.

For our purposes, we will define deception as a
social behavior in which an individual attempts to
persuade another to accept as true what the
deceiver believes to be untrue. Although in our
culture deception usually has negative connota-
tions, it is a fundamental and pervasive social
behavior with an important role in our daily life.
For example, research has shown that most of us lie
to others many times each day, usually for the
purpose of managing social relationships. Conver-
sely, most of us frequently attempt to determine
whether others are lying to us (e.g., DePaulo,
Kashy, Kirkendol, Wyer, & Epstein, 1996).

The simplest and most immediate way to try to
find out if someone is lying consists in looking at
their behavior. It is commonly believed, for
instance, that people tend to look more nervous
when they lie than when they tell the truth. This is
why, initially, the study of deception relied on the
observation of behavioral cues thought to accom-
pany the generation of deceptive responses. Such
cues were postulated to be caused by increased
physiological arousal due, for example, to fear of
getting caught or increased cognitive load when
generating deceptive responses. It has been
established that there are correlations between
deception and behavioral cues; for instance, liars
tend to fidget more than non-liars (DePaulo et al.,
2003), but these correlations are not strong and
cannot be used as diagnostic features of deception.
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Attempting to find better correlates of deception
by measuring arousal more directly, researchers
began monitoring peripheral psychophysiological
variables such as heart rate, breathing patterns, and
electrodermal activity, the main measures used by
the polygraph. Although peripheral psychophysio-
logical measures are still widely used to study and
to detect deception, the link between deception and
arousal has been questioned because individuals
can be aroused for reasons that have little to do
with deception, and because not all individuals are
aroused when they produce deceptive responses.

Because of these problems, researchers have
begun to study directly the brain, the organ that
produces the lies, with the goal of finding more
reliable correlates of deception than has been
possible with measures of arousal. During the last
two decades, cognitive neuroscience has provided
important tools required for this type of investiga-
tions. Since the late 1980s, researchers have used
event-related potentials (ERPs) to study deception.
For example, some investigators have exploited the
fact that recognition of infrequent and familiar
events (e.g., crime scene details) modulate brain
potentials such as the P300 (e.g., Rosenfeld et al.,
1988) or that response conflict (such as that created
by having to inhibit an honest response while
producing a deceptive one) modulates the ampli-
tude of medial frontal negativities (e.g., Johnson,
Barnhardt, & Zhu, 2004). In the past few years,
researchers have begun using functional magnetic
resonance imaging (fMRI) with variants of classic
deception paradigms to attempt to determine more
directly the neural correlates of deception (for brief
reviews see Greely & Illes, 2007; Spence et al.,
2004). At the same time, the relationship between
these neural measures and more traditional
measures of deception has begun to be explored.

This special issue provides a representative
sample of new laboratory research on the cognitive
and neural processes associated with the generation
of deceptive responses using a variety of paradigms,
techniques, and measures. Before summarizing the
contents of this issue, we will briefly outline a subset
of current topics in deception research.

TOPICS IN DECEPTION RESEARCH

Producing a deceptive response is a complex
process that usually involves: (a) Deciding to lie,
after evaluating the full social and pragmatic
context of the situation; (b) retrieving information
associated with honest and potentially deceptive

responses from memory; (c) maintaining and
manipulating relevant retrieved information in
working memory (at least until a response is
made); (d) encoding into memory of the response
itself in order to maintain consistency over time;
(e) inhibiting alternative deceptive responses and
the corresponding honest response, coincidentally
retrieved. Recruiting these cognitive processes is
logically necessary to produce a deceptive re-
sponse, regardless of whether an individual is
anxious or feels guilty about lying, although the
strength of engagement may be modulated by
these factors. Most studies have focused on inter-
ference monitoring and resolution processes re-
quired to inhibit honest responses, conceptualized
as ‘‘prepotent’’ responses (Spence et al., 2004),
when producing deceptive ones. Understanding
the interplay between these processes and how
they relate to other cognitive processes is crucial
for any theory of deception.

Group versus single individual data

Historically, studies on deception have revolved
around two themes and have focused on two
partially interrelated goals. The first goal involves
understanding the cognitive and neural correlates
of deception and their relationship with other
processes, in order to develop general theories of
deception. To achieve this goal, one usually only
needs to demonstrate significant differences
between experimental conditions in group data.
The second goal, more applied, is about whether it is
possible to achieve reliable detection of deceptive
responses. To achieve this goal, it is necessary to be
able to discriminate between deceptive and honest
responses in single individuals and, ideally, in single
trials. This is an especially challenging task, because
the signal-to-noise ratio of the single individual data
during high-level cognitive tasks such as deception
is usually rather low. In order to increase the signal-
to-noise ratio, researchers have been trying to
combine measures, either from different modalities
(e.g., electrodermal and hemodynamic measures)
or from different channels within the same modality
(e.g., signals from different brain regions).

Different types of lies and individual
differences

Two sources of variability in deception research
are often acknowledged, but they have not been
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explored systematically, especially with neuroi-
maging. These sources of variability may account
for some of the puzzling inconsistencies among
different studies. For example, different parts of
medial frontal cortex have been found by con-
trasting deceptive and honest responses in differ-
ent neuroimaging studies. The first source of
variability derives from the fact that there are
different types of lies, which are likely to be
associated with different neural processes. For
instance, lies that are prepared in advance and
rehearsed engage brain networks that are par-
tially nonoverlapping with those engaged by
spontaneous lies that are generated on the fly
(Ganis et al., 2003). The second source of
variability comes from individual differences.
For example, it has been reported that individuals
who score high on the alienation subscale of the
Psychopathic Personality Inventory tend to show
stronger activation in medial frontal regions
during deception (Nunez, Casey, Egner, Hare, &
Hirsch, 2005). Understanding how these sources
of variability contribute to the cognitive and
neural correlates of deception is a critical area
of research.

Laboratory versus field studies of
deception

Mostly due to practical reasons, deception para-
digms used in laboratory settings, especially if
they involve neuroimaging measures, are impo-
verished compared to real-life situations (e.g.,
Greely & Illes, 2007; Sip, Roepstorff, McGregor,
& Frith, 2008), raising classic issues about the
relative merits of ecological versus laboratory
approaches (e.g., Banaji & Crowder, 1989; Neis-
ser, 1978). There is no a priori reason to believe
that laboratory studies of deception will be less
informative than they have been in other fields
(e.g., vision research, where, for example, partici-
pants fixate stimuli presented on computer
screens instead of freely viewing visual stimuli
in the real world). However, two issues are worth
discussing to place the contributions to this
special issue, all laboratory studies, in perspective.

First, in laboratory studies the motivation to lie
is generally low. On the one hand, typical
laboratory paradigms are based on lying about
events such as what playing card participants
hold. On the other hand, even with various
mock-crime and competitive game scenarios,
participants are generally aware that the situation

is artificial, and that there are no important
consequences (positive or negative) resulting
from their actions.

Second, for experimental design reasons, par-
ticipants are instructed to lie (implicitly or ex-
plicitly), which, of course, is not the case in real-
life deception situations. The impact of these two
factors on deception processes remains to be
established by future studies, and it may be
different for the two research goals mentioned
earlier. On the one hand, it is possible that
realistic deception situations where people are
bound to lose social capital (e.g., being labeled as
untrustworthy) engage brain networks that are
recruited only weakly, or not at all, in laboratory
situations that involve lying to the experimenter
in a cooperative situation. Even if this were true,
however, numerous processes studied in the
laboratory are likely to be required also during
deception in real-life situations. For example,
when lying, one needs to inhibit honest responses
both in the laboratory and in real-life situations.
On the other hand, if it is still possible to detect
deception in single individuals under rather im-
poverished laboratory conditions, it is possible
that adding additional dimensions typical of real-
life situations could provide further dimensions
that can be used to better discriminate between
deceptive and honest responses.

The contributions to this special issue address
these topics to various degrees.

CONTENTS OF THE SPECIAL ISSUE

It may be convenient to categorize the studies in
this special issue according to two methodological
dimensions, the paradigm and dependent vari-
ables employed. Regarding the paradigms, a
subset of the studies used variants of the Guilty
Knowledge Test (GKT), also referred to as the
Concealed Knowledge Test (CIT). The basic
paradigm relies on the idea that the perpetrators
of a crime would exhibit signs of recognition
when they see an item from the crime scene
(usually referred to as ‘‘probe’’ item), even if they
lie and deny recognizing it, relative to other items
that could have plausibly been present at the
crime scene but were not (usually referred to as
‘‘irrelevant’’ items). In contrast, innocent indivi-
duals would respond equally to all items, includ-
ing the one from the crime scene, since they
are equally unfamiliar with all of them.
Besides providing a tool to investigate the neural
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correlates of some types of deception, this para-
digm is thought by prominent researchers in the
field to have the potential to become admissible
in criminal courts (e.g., Ben-Shakhar, Bar-Hillel,
& Kremnitzer, 2002). Note that the paradigms
used here are different from the traditional CIT
because people are instructed to lie on the probe
items, whereas in the traditional CIT items are
processed incidentally and participants are
simply told to indicate lack of recognition for all
items. A second subset of studies employed
variants of the differentiation of deception para-
digm (Furedy, Davis, & Gurevich, 1988), in which
participants are instructed to lie on half the items
and tell the truth on the other half, in some cases
with the same items used in both conditions for
comparison.

With regard to the dependent variables em-
ployed, one study used behavioral measures
alone, two studies used electrophysiological mea-
sures, three studies used blood-oxygen-level de-
pendent (BOLD) measures obtained with fMRI
(some in combination with behavioral measures),
one study used electrodermal and BOLD mea-
sures, and one study used a measure of motor
cortical excitability obtained with transcranial
magnetic stimulation (TMS). In these studies,
participants were instructed to deceive another
person, and they would usually gain money for
lying successfully.

Allen and Mertens used ERPs to address a
version of an important question in deception
research. Can we distinguish between deceptive
responses and honest responses that convey false
information because individuals falsely remember
the details of an event? Technically in this case,
people are not lying, based on the above defini-
tion of deception, because they are not intention-
ally trying to mislead another person. Specifically,
as mentioned earlier, GKT paradigms rely on the
logic that the perpetrator of a crime will recog-
nize details of the crime scene, and distinguish
them from other details that were not present in
the scene, whereas innocent individuals will not.
However, one assumption of this logic is that the
information in memory reflects closely the details
of the crime scene. Therefore, known memory
distortions may be especially problematic for
deception detection methods based on recogni-
tion. Two studies addressed this issue by deter-
mining whether ERPs can distinguish between
true and false recognition using the Deese-Roe-
diger-McDermott (DRM) paradigm to elicit false
memories. In this paradigm, studying a list of

words (e.g., bed, rest, blanket) that are strongly
associated with a critical item that is never
presented (e.g., sleep), results in high rates of
false recognition of the critical item in subsequent
recognition tests. Thus, one can compare ERPs to
falsely and correctly recognized items. The results
indicated that ERPs, in particular P300 amplitude
and latency, could not distinguish between true
and false memories during the recognition test.
This suggests that in some cases, both true and
false memories elicit similar ERPs that index
recognition processes. Although it remains to be
seen whether these results hold with more realis-
tic scenarios, the findings show the type of
difficulties that need to be overcome before one
can use these methods in real-life situations.

A different reason why the neural processes
associated with deceptive responses may look like
those associated with honest responses is due to
the use of countermeasures. Countermeasures are
defined as behaviors used by participants to try to
defy deception detection. The extent to which
countermeasures can alter the signatures of
deceptive responses, making them look like
honest responses, is a key issue for potential
applications of deception research. It has been
shown that cognitive countermeasures can dra-
matically reduce the classification accuracy
based on ERP measures during GKT tasks (e.g.,
Rosenfeld, Soskins, Bosh, & Ryan, 2004). For
example, explicitly associating covert actions
(e.g., imagined movements of a specific finger)
with irrelevant items during a GKT task can
increase the salience of these stimuli and make
the amplitude of the P300 they elicit virtually
indistinguishable from that elicited by the probe
items. However, most ERP studies on the topic
have investigated only the amplitude of the P300
to carry out the discrimination. Lui, Rosenfeld
and Ryan investigated whether there are features
in the spatial distribution of the P300 over many
recording sites (variance of P300 amplitude over
recording sites) that can be used to discriminate
deceptive from honest responses in a GKT task.
The basic idea is that differences in the spatial
distribution of the P300 may be more robust than
simple P300 peak amplitude to countermeasures.
The results showed that P300 distribution var-
iance methods contain information that can be
used to discriminate deceptive and honest re-
sponses, independently of peak amplitude. In
principle, this kind of information could be
employed to distinguish deceptive and honest
responses in the presence of countermeasures.

468 GANIS AND KEENAN

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
H
a
r
v
a
r
d
 
U
n
i
v
e
r
s
i
t
y
 
L
i
b
r
a
r
y
]
 
A
t
:
 
0
0
:
1
7
 
2
5
 
S
e
p
t
e
m
b
e
r
 
2
0
0
9



These types of analyses are an example of the use
of multidimensional measures to attempt to
capture more complex aspects of deception
processes and to achieve more robust discrimina-
tion between deceptive and honest responses.

The use of fMRI, with the intrinsic multi-
dimensionality of neuroimaging datasets, as well
as the combination of data from various techni-
ques, goes further in this direction. Kozel and
collaborators followed up on their fMRI research
which showed that they could discriminate de-
ceptive from honest participants in more than
90% of the cases by using brain activation from 3
regions of interest (right orbitofrontal, right
middle frontal, and right anterior cingulate cor-
tex) defined in a separate group of participants.
They used the electrodermal measures that were
collected simultaneously with fMRI in their
original study, in order to compare peripheral
measures of arousal with brain-related measures
of deception. The results showed that the electro-
dermal responses correlated with activation in
orbitofrontal and anterior cingulate cortex, con-
sistent with prior work suggesting a role for these
regions in interfacing cognitive and autonomic
systems. Furthermore, these regions were differ-
ent from those found in the contrasts between
deceptive and honest responses, indicating that
BOLD and electrodermal measures tap into
different aspects of deception processes, at least
in paradigms with low stakes and fast rates of
stimulus presentation. Importantly, including the
electrodermal activity data as a further dimension
in the discrimination analyses did not appear to
increase the accuracy rates, relative to BOLD
measures alone. More studies such as this one are
required to compare multiple dependent mea-
sures of deception and to understand their
dependence on the details of the deception
paradigms. For instance, electrodermal measures
may work better with more realistic situations
and higher stakes, as suggested by polygraphic
studies.

In an attempt to create a more realistic
deception situation, Hakun and colleagues con-
ducted a single case study with fMRI, using a
variant of the GKT, referred to as the Resume
Query Test (RQT). In this paradigm, the partici-
pant (a Washington Post reporter, who volun-
teered for the study) was instructed to pretend to
be applying for a job as a science writer and to
employ ‘‘whatever means necessary to be hired.’’

These instructions were meant to encourage the
participant to falsify some items on his resumé,
without instructing him explicitly to lie. During
the fMRI session, the participant was asked
questions and shown pictures about three resumé
items that could be easily verified (known truth)
and about three items that could not be easily
verified (unknown, which the participant con-
firmed were lies, after the study). Comparing
activation to each unknown item with the com-
bined known truth items showed differences in a
number of regions that had been revealed in
previous studies, including the inferior frontal and
medial frontal gyrus. However, the results varied
by item. For example, deceptive responses to the
question ‘‘Did you serve in the military?’’ showed
activation in the medial temporal lobe, which was
not seen for the other deceptive responses.
Although replication of this single case study is
needed, these results highlight the substantial
item-to-item variability present in complex tasks
such as deception and the need to devise analytic
techniques to capture such variability, for both
theoretical and applied reasons.

A related issue, with theoretical and practical
implications, is the extent to which the networks
of areas engaged by deception vary from person
to person. Monteleone and collaborators fol-
lowed up on their neuroimaging work and ad-
dressed one version of the individual variability
question by determining how well they could
discriminate deceptive and honest responses in
single individuals by using regions of interest
defined by group results. In their study, they
used a jackknife method in which the results of
the group analyses including N�1 participants
were employed to detect deception in the left-out,
Nth, individual. The findings indicate that no
single region could discriminate deceptive and
honest responses accurately in all individuals. The
region with the best discrimination rates across
individuals was a portion of the medial prefrontal
cortex, possibly reflecting response inhibition
processes, which could correctly classify 71% of
individuals as lying, without false alarms. These
results suggest that analyses taking into account
individual differences may be required to better
characterize deception processes and, potentially,
to improve classification accuracy.

Ganis, Morris, and Kosslyn extended their
previous fMRI work on the neural correlates of
different types of lies by investigating individual
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differences as a function of type of lie. Partici-
pants produced two types of deceptive responses,
lies about oneself (self-related) and lies about
other individuals (other-related), in addition to
the corresponding honest responses. Trial types
were randomly intermixed, and participants were
instructed whether to lie or not by means of a
brief cue, presented at the beginning of each trial.
The effect of individual variability was assessed
by introducing the notion of rate-limiting process.
Rate-limiting processes for a task act as perfor-
mance bottlenecks for this task. Using a simple
analogy to illustrate, finger strength is a rate-
limiting process for the task of opening jars, since
people with stronger fingers tend to perform this
task faster and more accurately than people with
weaker fingers. However, finger strength is not a
rate-limiting process for other tasks, such as
typing on a computer. Brain regions that imple-
ment rate-limiting processes for the deception
tasks used in the study were uncovered by finding
brain regions in which activation predicted per-
formance. One prediction was that a cingulate-
insular-prefrontal network, thought to be rate
limiting for interference tasks, would also be
involved in deception because of the interference
produced by the prepotent honest response when
producing a deceptive response. The main finding
confirmed this prediction and also showed an
intriguing pattern of dissociations between the
two types of lies. First, partially non-overlapping
sets of rate-limiting regions were found for self-
and other-related lies. Second, similar cingulate-
insular-prefrontal networks were found for both
types of lies; however, the correlation between
brain activation and response times was positive
for self-related lies but negative for other-related
lies. This pattern of dissociation was interpreted
in terms of different characteristics of self- and
other-related lies.

A similar logic to exploit individual variability,
but using behavioral measures, was employed by
Morgan, Lasage and Kosslyn. In this study, a
battery of cognitive tasks was administered to all
participants performing the deception tasks used
in previous work. The general logic of this study
was to determine whether performance on differ-
ent subsets of cognitive tasks predicted perfor-
mance on different types of lies. Specifically, if a
subset of the cognitive tasks tap into processes
that are rate-limiting for some of the deception
tasks, then performance on these cognitive tasks

should correlate with performance on the decep-

tion tasks, across individuals. Prior work has

shown that the production of spontaneous lies

engages the anterior cingulate and adjacent

medial prefrontal cortex, compared to honest

responses, but the production of rehearsed lies

does not. This suggests that spontaneous lies

recruit interference monitoring and resolution

processes more strongly than rehearsed lies.

Accordingly, one interesting prediction of the

study was that performance on tasks thought to

recruit interference monitoring and resolution

processes (for example, variants of the Stroop

task) should predict performance on the produc-

tion of spontaneous but not rehearsed lies. The

results confirmed this prediction, indicating that

this methodology may be promising in breaking

down deception processes into subcategories.
Finally, Kelly and collaborators investigated

interference resolution and response inhibition

processes during deception by recording motor

evoked potentials induced by TMS to measure

motor cortical excitability. In a clever deception

paradigm, sport fans were shown pictures of their

preferred team as well as of the opposing team

and they were asked to respond deceptively or

honestly about which team they preferred. The

main question addressed in this study was

whether there would be consistent differences in

cortical excitability (in left and right motor

cortex) between deceptive and honest responses.

The results indicated a dissociation in which the

excitability of the left motor cortex is increased

during deception, whereas that of right motor

cortex is decreased. These results complement

neuroimaging data showing increased left motor

cortex activation during deception, and show the

promise of this kind of technique in the study of

deception.

FUTURE DIRECTIONS IN DECEPTION
RESEARCH

On both theoretical and practical levels, the study

of the neural correlates of deception examined

here represents only a small sampling of what the

field of the future will look like. The contributions

to this special issue raise a number of questions

and suggest some future directions for deception

research.
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First, a key question is whether deception
processes are special in any way, or whether
they rely on a set of general-purpose processes.
As discussed, a number of studies have postulated
a connection between interference monitoring
and resolution processes and the production of
at least some types of deceptive responses. Yet
there has not been conclusive evidence on
whether deception relies on a special kind of
interference monitoring and resolution processes,
perhaps specialized for managing the type of
social negotiations usually required by deception.
More research will be needed to answer this
theoretically important question.

Second, given the broad range of paradigms
and techniques used to study deception, another
important question is how these methods relate to
each other and how they can be integrated. Do
different measures tap into different aspects of
deception processes? Are they affected by differ-
ent factors? For example, stakes may affect
electrodermal measures more than they affect
hemodynamic or electrophysiological measures.
Similarly, factors that affect the amplitude of the
P300 may not affect the amplitude of hemody-
namic responses observed with the same para-
digms. Progress in this direction is likely to have
important theoretical and practical consequences.

Third, it is clear that deception is not a unitary
phenomenon and that much of the future work,
both theoretical and empirical, will involve de-
termining more systematically the dependence of
deception processes on key variables, including
the type of lie and the social and pragmatic
context in which lying takes place. On the one
hand, this will enable researchers to fine-tune
theories of deception. On the other hand, this will
be important for applied deception research
because one could develop more accurate decep-
tion detection methods that are optimized for
specific domains. Creating a collection of such
methods may be more productive than attempt-
ing to devise a general-purpose deception detec-
tion procedure.

Fourth, although it may be nearly impossible to
study real-life situations with neuroimaging, at
least currently, efforts towards designing para-
digms that approach such situations are impor-
tant. It may turn out that the main results of
laboratory studies are not very different from
those of ecological studies, but a complete theory
of deception should be able to handle factors that

may come into play only in real-life situations, for
example the fact that in real-life situations people
typically decide when to lie.

The rapidly growing field of social neu-
roscience will clearly move in unknown directions
in the future. However, given the importance of
deception in our social lives, it is likely that
deception will receive greater attention in the
upcoming years. Establishing the brain correlates
of deceptive behaviour will be a difficult task, but
already we have seen great strides. We are excited
to see what comes next.
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