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Previous research has highlighted the potential of fMRI in discriminating between truth and falsehood. However,
falsehoods may not necessarily represent a deliberate intention to deceive; they can be a result of false memory
too. It is important to show that fMRI can discriminate between deception and false memory, before it can be
applied in legal contexts for deception detection. To this end, we performed a meta-analytic comparison of brain
activation between deception and false memory. Activation likelihood estimation meta-analyses were conducted

separately on 49 deception (61 contrasts; Nioa = 991) and 28 false memory (32 contrasts; Ny, = 484) studies.
The contrasts obtained from these meta-analyses were entered into subsequent conjunction and contrast ana-
lyses. Deception and false memory tasks activated several frontoparietal regions. Both tasks activated the left
superior frontal gyrus. Deception, relative to false memory, was associated with increased activation in the right
superior temporal gyrus, right insula, left inferior parietal lobule and right superior frontal gyrus. These results
provide some evidence to suggest that fMRI can discriminate between deception and false memory.

1. Introduction

Deception is the deliberate act of providing misleading information
to convince others to believe falsehood as truth. The study of deception
detection has aroused considerable interest among researchers due to
its implications in law enforcement and national security contexts
(Haynes and Rees, 2006; Stromwall and Willén, 2011). With the advent
of functional magnetic resonance imaging (fMRI), there have been
several studies that have explored the possibility of using brain acti-
vation patterns to distinguish between falsehood and truth. Generally,
in these studies the increased deception related activation in various
brain regions are hypothesized to correspond to the increased cognitive
effort required to engage in deception. Relatedly, deception can be a
complex task that involves several cognitive mechanisms. To craft a lie,
the deceiver needs to hold and manipulate the truth in their working
memory (Mori et al., 2005). The deceiver also needs to assess if the lie is

convincing. That is, it had to be coherent with other pieces of in-
formation and appear believable to the deceived. The cross-checking of
the lie with other pieces of information would involve some reasoning
processes and require more information to be held in the working
memory (Ganis et al., 2003). The deceiver also needs to be in the shoes
of the deceived to assess how convincing the lie would be; this would
crucially involve theory of mind (Lisofsky et al., 2014). If the lie is
premeditated long before its execution, the deceiver would need to
retrieve it from their long term memory (Ganis et al., 2003). In ex-
ecuting the lie, the deceiver needs to hold the deception goal in his
working memory, inhibit the ‘truth’ set of responses and switch to a
different set of responses which are specific to the lying context (Priori
et al., 2007). In general, the conception and execution of a lie would
require high levels of executive control.

Several deception tasks were devised to contrast the brain activation
patterns between truthful responses to false responses. Most of these
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involve deceptive recognition in which participants would require to
falsely indicate one of the presented items as the truth. In such studies,
various types of information were manipulated to generate false re-
sponses. These include information learnt during the experiment, such
as stories or word lists (e.g., Abe et al. (2008)), or information not
learnt during the experiment such as those relating to autobiographical
memories (e.g., Nunez et al. (2005)) or daily activities (e.g., Spence
et al., 2001). A few other deception tasks involve deceptive recall.
Unlike deceptive recognition, participants were required to generate a
lie spontaneously on the spot (e.g., Ganis et al. (2003)) instead of se-
lecting one among multiple possible responses. Another group of de-
ception fMRI paradigms involves decision making (Lisofsky et al.,
2014). In these tasks, the subject would take the perspective of another
person, read their intentions and make a conscious and morally re-
prehensible decision to deceive that person.

A great deal of research on the topic has emerged in the past two
decades, culminating in two meta-analyses (Christ et al., 2009; Lisofsky
et al.,, 2014). These meta-analytical findings revealed that deceptive
responses were associated with increased brain activity in frontal re-
gions (e.g., bilateral dorsolateral prefrontal cortex, bilateral ven-
trolateral prefrontal cortex, left middle frontal gyrus (MFG), bilateral
anterior insula and right anterior cingulate cortex), parietal regions
(e.g., bilateral inferior parietal lobule (IPL) and bilateral posterior
parietal cortex (PPC)) and temporal regions (e.g., bilateral temporo-
parietal junction (TPJ) and bilateral temporal pole). Given that pre-
vious meta-analytical research have reported that executive control
tasks (Niendam et al., 2012) and theory of mind tasks (Schurz et al.,
2014) activated several frontoparietal regions and temporoparietal re-
gions. The increased activation in these regions would be consistent
with the high executive control and socio-cognitive demands of crafting
a deceptive response.

These findings were however not good enough to warrant the use of
fMRI for detecting deceptive responses in high stakes legal contexts. It is
not enough to simply identify falsehoods. One needs to understand why
these falsehoods were communicated. Falsehoods may not always be
used deceptively; they are also likely to arise from false memories.

Indeed, our memory is far from infallible; recall and recognition
errors can occur on a daily basis even among cognitively healthy po-
pulations (Carrigan and Barkus, 2016). False memories can be created
intentionally (by others) or unintentionally in many different ways,
such as via affective interferences (Kaplan et al., 2015), misleading
suggestions (Bruck and Ceci, 1999), the misinformation effect (Ayers
and Reder, 1998) and schemas (Webb et al., 2016). These false mem-
ories can be recalled vividly and confidently (Ceci and Loftus, 1994),
making it difficult to differentiate between true and false memories
behaviorally. A meta-analysis (Kurkela and Dennis, 2016) revealed that
false memory retrievals were associated with increased activity in the
IPL and several frontal regions such as the medial superior gyrus, bi-
lateral inferior frontal gyrus (IFG), left precentral gyrus, and ven-
tromedial prefrontal cortex. One could observe some overlap with the
regions reported in deception meta-analyses. Regardless, the involve-
ment of these regions was interpreted as the recruitment of top-down
cognitive control resources to monitor memory judgments as they be-
come less certain. Experimentally, false memories are typically elicited
as false recognition. In these experiments, participants would first ac-
quire some information (e.g., word lists, stories or visual stimuli) during
a learning phase. Subsequently in the test phase, the participant would
attempt to recognize this learnt information among other very similar
distractors. As a result, it becomes easy to falsely recognize one of the
distractors as the correct response.

Crucially, although both deceptive responses and false memories are
incongruent with the truth, false memories carry no intention to de-
ceive. This distinction is paramount in legal contexts. In the case of false
memory, while the individual may satisfy ‘actus reus’ (i.e., the objec-
tively incorrect information), he/she does not satisfy ‘mens rea’ (i.e.,
the ill-intention to deceive), consequently nullifying his/her criminal
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liability. The importance of this distinction can be vividly appreciated
from the controversy surrounding false childhood sexual abuse allega-
tions (Mikkelsen et al., 1992). These false allegations may have been
deliberately fabricated to harm the accused (Ney, 2013) or the result of
careless memory suggestions on the part of therapists (Pezdek and
Banks, 1996). In such situations, both false-negative (attributing to false
memories in the former) and false-positive (inferring malicious intent
on the latter) judgments can lead to serious miscarriages of justice.

Given these serious implications, critics have advocated the need for
fMRI paradigms to be able to discriminate between false memory and
deception, before deception-related fMRI applications are ready for
public use (Henry and Plemmons, 2012). To this end, there were only
two fMRI studies that directly compared between the neural correlates
of false memory and deception. In the first (Abe et al., 2008), partici-
pants were presented with semantically related word-lists during a
study phase and instructed to either tell the truth or lie when indicating
if the presented word was ‘old’ or ‘new’ in a subsequent test phase. The
authors reported that correctly lying that an ‘old’ word was ‘new’, as
compared to false recognition (truthfully indicated a ‘new’ word as
‘old’) and correct rejection (truthfully indicated a ‘new’ word as ‘new’)
was associated with increased activation in the left MFG and left su-
pramarginal frontal gyrus. In another study (Lee et al., 2009) with si-
milar study and test phases, participants’ responses were grouped as
correct (truthful hits and correction rejections), incorrect (truthful
misses and false rejections) and fake incorrect responses (correctly lying
that an incorrect response is correct and vice versa). It was found that
fake incorrect responses, relative to correct and incorrect responses
were associated with increased activation in the left inferior frontal
gyrus (IFG), right cingulate cortex, and left precuneus. Taken together,
these findings suggest that lying recruits significant frontal-parietal
resources to support response manipulation and this interpretation re-
mains true even if lying was compared to false memories. Although
these are certainly positive findings on the ability to differentiate be-
tween false memory and deception using fMRI paradigms, given the
limited studies and sample sizes, further research is required to verify
these findings.

Apart from carrying out experiments involving deception and false
memory tasks simultaneously, another way of differentiating between
the neural correlates of these tasks, albeit indirectly, is to carry out
meta-analyses on fMRI studies of both paradigms separately and then
compare the differences in their brain activation patterns. Although this
approach does not allow us to directly examine the within-subject dif-
ference in neural correlates between deception and false memory, it
would enable us to exploit the vast empirical evidence on both tasks
that have accumulated over the past two decades to infer the differ-
ences in brain activation patterns.

In the current study, we first carried out separate activation like-
lihood estimation (ALE) meta-analyses on deceptive responses vs.
truthful responses, and false memories vs. true memories. Following
which, we compared the ALE maps derived from these meta-analyses,
for regions of brain activations which were common to deception and
false memory, as well as those unique to deception or false memory.
Guided by previous findings (Abe et al., 2008; Lee et al., 2009), we
hypothesized that deceptive responses (relative to truthful responses)
and true memories (relative to false memories) are both associated with
increased activation in various regions of the prefrontal cortex and
parietal cortex, in their respective meta-analyses and a conjunction
analysis of both. As for the primary research question on the difference
in neural correlates between false memory and deceptive responses, we
hypothesized that deceptive responses relative to false memories are
associated with increased activation in various regions of the PFC and
parietal cortex, alluding to the increased recruitment of cognitive re-
sources for response manipulation on top of those required to monitor
uncertain memory judgments.
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Records identified through
database searching= 10,470

Additional records identified
through other sources=1

Records after duplicates
removed= 3771

Records screened=3771

Records excluded= 3640

Full-text articles excluded with

eligibility= 131

Full-text articles assessed for

reasons= 55

No Fmni= §

Inappropnate analysis=3

No relevant contrasts coordinates=16
Methods results unclear=5

<5 subjects=2

No healthy subjects=2
Conference abstractt=4
Encoding notretrieval=5

Studies included in quantitative
svnthesis (meta-analvsis) = 76

Age=$
NotEnglishlanguage =2

Fig. 1. Selection of studies.

2. Methods
2.1. Data sources and study selection

A search was carried out on PubMed and Web of Science for peer-
reviewed articles published prior to 1st March 2018, according to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (Moher et al., 2009). The following keywords
were used: [deception OR lying OR denial OR lie OR deceptive OR
conceal OR malingering OR dishonest OR cheating OR false memory
OR fake memory OR feigned memory] AND [fmri OR magnetic re-
sonance imaging]. The reference list of relevant reviews (Langleben and
Moriarty, 2013; Schauer, 2010; Spence, 2004; Wolpe et al., 2010) were
also manually searched for potential studies. All potential studies were
imported to EndNote X7. The titles and abstracts of potential studies
were screened for relevance, and the inclusion of these studies was
subsequently decided upon checking their full-texts. The detailed study
selection process is shown in Fig. 1.

Articles were included in the current meta-analyses if they 1) car-
ried out fMRI, 2) recruited healthy adult participants aged between
18-55, 3) reported relevant contrasts using conventional thresholds for
whole brain analysis, 4) reported coordinates of significant clusters of
activation in Montreal Neurological Institute (MNI) or Talairach space,
5) had a minimum of five participants in the final analyses and 6) had at
least one contrast that sought to establish the neural correlates of de-
ceptive vs. truthful responses or true vs. false recognition. Additionally,
for studies on true vs. false recognition, only experiments reporting the
neural correlates of retrieval-based processes (as opposed to encoding
processes) were included. In cases where a study included multiple
relevant and independent contrasts, all such contrasts were included. As
for studies that contained multiple dependent contrasts, only the most
relevant contrast was included. For instance in Ito et al. (2012), there
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were three relevant contrasts: a) Neutral lie > Neutral truth, b) Ne-
gative lie > Negative truth, and c) (Neutral lie + Negative lie) > (
Neutral truth + Negative truth); among them c) was deemed to be the
most relevant and thus included. Details of all included contrasts are
presented in Tables 1 and 2 in the supplementary materials.

2.2. Data synthesis

Activation likelihood estimation (ALE; Eickhoff et al., 2009; Laird
et al., 2005) meta-analyses were carried out using BrainMap GingerALE
2.3.6 (http://www.brainmap.org/ale/). Prior to carrying out the ALE
meta-analyses, foci coordinates which were not reported in MNI space
were transformed using Lancaster transformation (Lancaster et al.,
2007). Four separate meta-analyses, relevant to our primary objectives,
were carried out: 1) deceptive responses > truthful responses, 2) false
recognition > true recognition, 3) conjunction analysis of (deceptive
responses > truthful responses) and (false recognition > true re-
cognition) and 4) contrast analysis of (deceptive responses > truthful
responses) and (false recognition > true recognition). The meta-ana-
lyses of truthful responses > deceptive responses and true recogni-
tion > false recognition, which are of secondary importance to the
current study, were also carried out and reported in the supplementary
materials (See Table S1 in the supplementary materials).

For 1) and 2), these ALE meta-analyses identify regions consistently
activated across experiments by computing anatomical maps for each
experiment using the foci data. Specifically, it estimates activation
likelihood by placing the foci as centers for 3-D Gaussian probability
distributions and then calculating the union of these distributions to
create modeled activation (MA) maps for each experiment. To de-
termine the anatomical convergence across studies, the union of all MA
maps was computed voxel by voxel. This approach considers both
sample size and reproducibility by attributing greater weight to studies
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Table 2
Studies included for the false memory ALE meta-analysis.

Neuroscience and Biobehavioral Reviews 104 (2019) 43-55

No. Reference General N  Foci Contrast (as named in paper) False memory Task Type Stimuli Type
1 Abe et al. (2013) TR > FR 29 6 True recognition > false recognition Remember-know-new Color photographs of “living” and
(Perceptual related) “non-living” objects
2 Abe et al. (2008) TR >FR 20 6 True recognition > False recognition Old/new Auditory (encoding)/ visual words
FR > TR 10 False recognition > Correct recognition (Semantically related) (retrieval)
3 Atkins and Reuter- FR > TR 19 9 Related lure false alarms > Unrelated lure Yes/No Visually presented words
Lorenz, (2011) TR > FR 6 correct rejection (Deese/Roediger-McDermott
4 Positive hit > Unrelated lure correct (Semantically related)
5 Recognition
Positive hit > Lure false alarm
Lure correct recognition > Lure false alarm
4 Cabeza et al. (2001) FR > TR 12 3 False-True Old/new Auditory presented words (via
TR > FR 2 True-False (Semantically related) videotape)
5 Carpenter et al. TR > FR 38 2 True memory > False memory Multiple choice questions Slideshows of victim or perpetrator as
(2016) (Associative memory) in-group/out-group member
6 Dennis et al. (2012) FR > TR 17 14 Remember false alarms > Know false alarms Remember-know-new Visually presented colour pictures of
TR > FR 17 Remember Hits > Know Hits (Perceptually related) objects
7 Dennis et al. (2014) FR > TR 18 12 False alarms > Correct rejection Remember-know-new Visually presented colour
TR > FR 10 False alarm > Hit (Associative memory) photographs of faces and scenes
28 Hit > False alarm
8 Garoff-Eaton et al. FR > TR 14 18 Conceptual false > conceptual true Remember-know-new (Semantic/  Visually presented words
(2007) 1 Perceptual false > perceptual true perceptual related)
9 Garoff-Eaton et al. FR > TR 11 4 Unrelated false recognition > (true Same-similar-new Visually presented 2D shapes
(2005) recognition + related 10false recognition) (Perceptually related)
10  Giovanello et al. TR > FR 15 12 Hits > Feature false alarm (younger adults) Old/new Visually presented compound words
(2009) (Associative memory)
11  Gutchess and FR>TR 9 12 False alarm > Hits Yes/No Visually presented pictures of single
Schacter, (2012) TR > FR 10 Hits > False alarm (Semantically related) objects
12  Heun et al. (2000) FR > TR 14 3 False alarm > Hits Target/distractor Visually presented list of words
(Semantic related)
13 Heun et al. (2004) FR>TR 15 1 False alarm > Correct Rejection Target/distractor Visually presented list of words
TR > FR 2 False alarm > Hits (Semantic related)
1 Hits > False alarm
14  Hofer et al. (2007) FR > TR 21 3 False alarm > Rest Previously seen/new Visually presented grayscale
5 Missed alarms > Rest (Perceptual related) photographs of unfamiliar faces
15 Iidakaetal. (2012) FR > TR 19 2 False alarm lure > Correct rejection lure Surely old/maybe old/surely new/ Visually presented color pictures of
164 False alarm new > Correct rejection new maybe new morphed faces
(Perceptually related)
16 lidakaetal. (2014) FR > TR 19 3 False alarm Lure > Hit Old Surely old/maybe old/surely new/ Visually presented color pictures of
maybe new morphed faces
Perceptually related
17  Kensinger and FR > TR 16 Word-picture misattributions (‘no picture’) > Yes (word & photo)/ No (new Visually presented pairs of words and
Schacter, (2006) TR > FR 12 word-picture correct attributions (‘picture’) words/words with no photos of objects or words alone
8 Word-only misattributions (‘picture’) > word-  corresponding photo)
5 only correct attributions (‘no picture’) (Reality monitoring)
Word-picture correct attributions (‘picture’) >
word-picture misattributions (‘no picture’)
Word-only correct attributions (‘no picture’) >
word-only misattributions (‘picture’)
18  Kensinger and FR>TR 19 1 False recognition > successful recognition New/Similar/Same Colored, negative/neutral photos of
Schacter, (2007) TR > FR 14 (negative items) (Perceptual related) objects
30 False recognition > successful recognition
32 (neutral items)
Successful recognition > false recognition
(negative items)
Successful recognition > false recognition
(neutral items)
19 Kim and Cabeza, FR>TR 11 6 False recognition > True recognition Sure old/Unsure old/Unsure new/ Visually presented word lists selected
(2007) TR > FR 3 True recognition > False recognition Sure new (Semantically related) from category norms
20  Kuehnel et al. FR>TR 12 6 Similars False alarm > Baseline Known/Unknown Visually presented mute film and sets
(2008) (Film paradigm) of pictures
21  Marchewka et al. FR > TR 16 6 False Recognition > Correct rejection Old/New Emotionally neutral and negative
(2008) 3 False Recognition > Correct rejection Associative memory/ (Divided- pictures
visual field paradigm)
22 Moritz et al. (2006) FR > TR 17 1 False memory > Hits Confident/Rather confident/ Visually presented word lists
TR > FR 4 Hits > False memory Guessing old or new
(Semantically related)
23 Paz-Alonso et al. FR > TR 16 11 Critical lure false alarms > Unrelated Lure Yes/No (Adapted Deese/ Auditorily presented words (encoding
(2008) TR > FR 13 correct rejection’s Roediger-McDermott (DRM false and retrieval)
Hits > Misses memory effect task)
(Semantically related)
24  Slotnick and FR > TR 12 11 False recognition > True recognition True Old-left/Old-right/New Visually presented shapes
Schacter, (2004) TR > FR 18 recognition > False recognition (Perceptual related)
25  Turney and Dennis, FR > TR 25 2 False > true Old/New Pictures of adult faces
(2017) TR > FR 3 True > false (Perceptually related)
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Table 2 (continued)

Neuroscience and Biobehavioral Reviews 104 (2019) 43-55

No. Reference General N Foci Contrast (as named in paper) False memory Task Type Stimuli Type

26  Urgolites et al. TR > FR 18 4 True > False Definitely/Probably/Maybe new Color photos of indoor/outdoor
(2015) or old scenes

(Perceptual related)

27  Von Zerssen et al. FR > TR 10 10 (False alarm > Rest) > (Correct Old/New Auditorily and visually presented

(2001) rejection > Rest) (Semantically related) categories of words (encoding)/
Visually presented (retrieval)
28 Webbetal (2016) FR > TR 22 2 False > True (recollection) Remember-Know-New Visually presented colored images of
TR > FR 6 True > False (recollection (Perceptually related) schematic scenes

Note: FR, false recognition, TR, true recognition.

L. Inferior frontal gyrus

R

L. Medial frontal gyrus

R. Caudate

Fig. 2. Significant clusters of activation associated with deceptive responses > truthful responses.

with larger sample sizes and foci that converge across experiments. The
resulting ALE image was thresholded using uncorrected p < 0.001 and
a cluster-level inference threshold of p < 0.05 against a null-distribu-
tion generated by 5000 random permutation tests. The conjunction
analysis of 3) identifies voxels in which significant effects were present
in the ALE contrasts of deceptive responses > truthful responses and
false recognition > true recognition. To compute the conjunction be-
tween these contrasts, we applied the conservative minimum statistic,
which is equivalent to identifying the intersection between the two
corrected results. Finally, for the contrast analysis of 4), we examined
the distinct brain activations between deceptive responses > truthful
responses and false recognition > true recognition, we computed the
voxel-wise difference, in both directions, between both ALE contrasts.
These voxel-wise differences were then subjected to a label-exchange
permutation test (5000 times) and thresholded using a posterior prob-
ability of p < 0.05(Eickhoff et al., 2012). Surviving voxels represented
the significant effect of the ALE analysis for the minuend.
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2.3. Sensitivity analyses

Studies have indicated that the neural correlates of deception de-
pend on the task and the stimuli (Christ et al., 2009; Lisofsky et al.,
2014). To this end, we carry out sensitivity analyses on the different
task types and stimuli modality. For the former, we identified 21 con-
trasts (212 foci) from deceptive recognition tasks, and seven contrasts
(70 foci) from deceptive decision making tasks. As for the latter, we
divided the tasks between the modalities of visual (37 contrasts; 400
foci) and auditory presentation (10 contrasts; 78 foci). For these two
comparisons, we ran contrast analyses in a similar manner as described
in the previous section.

Given the unbalanced number of contrasts for deception (61 con-
trasts) and false memory (32 contrasts) included in the meta-analysis,
there is a possibility that it would a lot easier to obtain consistent areas
of activation in the former than the latter. To assess such a possibility
we randomly selected 32 deceptive responses > truthful responses
contrasts to match the 32 contrasts for false memory > true memory.
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We ran an ALE meta-analysis for the former. Then, similar to the main
analyses, using the ALE contrasts from the meta-analyses of the 32
deceptive responses > truthful responses contrasts and 32 false
memory > true memory contrasts, we examined the distinct and
common brain activations between deceptive responses > truthful
responses and false recognition > true recognition via contrast and
conjunction analyses.

3. Results
3.1. Deceptive responses > truthful responses meta-analysis

We included 49 studies to examine the brain activation associated
with deceptive responses > truthful responses. These studies (see
Table 1 for details) consisting of 61 contrasts and 583 foci, had a
combined sample of 991 participants. This meta-analysis revealed ten
significant clusters primarily in the bilateral frontoparietal regions such
as the IFG, superior frontal gyrus (SFG), MFG, insula, supramarginal
gyrus, IPL and caudate. The details of these clusters are presented in
Table 2 and Fig. 2.

3.2. False recognition > true recognition meta-analysis

We included 28 studies to examine the brain activation associated
with false recognition > true recognition. These studies (see Table 3
for details) included a total of 32 contrasts and 210 foci, and had a
combined sample of 484 participants. Four significant clusters were
identified in this meta-analysis. These included activations in the left
SFG, right MFG, left cingulate gyrus, left precuneus and left IPL (Table 4
and Fig. 3).

3.3. Common and distinct neural correlates of deceptive
responses > truthful responses and false recognition > true recognition

Next, to identify clusters of activation which were common to de-
ception and false memory, we carried out a conjunction analysis on the
contrasts of deceptive responses > truthful responses and false
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recognition > true recognition as obtained in the previous two ana-
lyses. The results of this analysis revealed a significant cluster in the left
SFG, which had commonly emerged in the deceptive responses >
truthful responses and false recognition > true recognition contrasts
(see Fig. 4 and Table 5).

To identify the clusters of activation which were unique to decep-
tion or false memory, a contrast analysis was carried out between the
previously obtained contrasts of deceptive responses > truthful re-
sponses and false recognition > true recognition. This analysis re-
vealed significant clusters in the right SFG, left IPL, right superior
temporal gyrus (STG) and right insula for the contrast of (deceptive
responses > truthful responses) > (false recognition > true recogni-
tion), as shown in Table 5 and Fig. 5; there were no significant clusters
in the reverse contrast (i.e., (deceptive responses > truthful re-
sponses) < (false recognition > true recognition)).

3.4. Sensitivity analyses

The contrast analyses of deceptive decision making, deceptive re-
cognition, visual and auditory presentation resulted in significant
clusters of activation in all but the last contrast. These results are re-
ported in table S4 and S5 in Supplementary. Importantly, the sub-
sequent contrast analyses of deceptive decision making vs. deceptive
recognition and visual vs. auditory presentation did not reveal any
significant activation in any direction.

Next, the results of the contrast analysis involving 32 deceptive
responses > truthful contrasts to match the 32 contrasts for false
memory > true memory are largely similar to the original analyses.
We found significant clusters of activation in the right SFG, left IPL, and
right insula for the contrast of (deceptive responses > truthful re-
sponses) > (false recognition > true recognition). There was no sig-
nificant clusters in the reverse contrast (i.e., (deceptive responses >
truthful responses) < (false recognition > true recognition)) (See
Table S6 in Supplementary).

Similar to the main analyses, we repeated the contrast and con-
junction analyses to determine the common and unique neural corre-
lates of deception and false memory within the context of this matched

Table 3
Results of deceptive responses > truthful responses meta-analysis
Cluster K Hemisphere Region BA MNI coordinates ALE (10%)
X Y Z

1 922 R Inferior Frontal Gyrus 47 46 24 -8 4.1
R Insula 13 46 20 -2 4

2 739 L Superior Frontal Gyrus 6 -8 14 58 3.8
R Superior Frontal Gyrus 6 6 14 60 2.9
L Superior Frontal Gyrus 6 -2 18 50 2.8
L Superior Frontal Gyrus 8 -6 38 50 2.4
L Cingulate Gyrus 32 -6 20 42 1.9
L Superior Frontal Gyrus 8 -4 42 42 1.9
L Medial Frontal Gyrus 32 -12 20 42 1.7

3 574 L Inferior Frontal Gyrus 47 —48 20 -2 2.8
L Insula 13 -36 22 -4 2.7
L Insula 13 —-32 32 6 2.2

4 456 R Inferior Parietal Lobule 40 54 —44 42 2.6
R Supramarginal Gyrus 40 58 —48 30 2.4
R Supramarginal Gyrus 40 42 —44 36 2.3

5 362 L Middle Frontal Gyrus 6 -40 14 46 2.9
L Middle Frontal Gyrus 8 -36 26 40 1.8

6 298 R Middle Frontal Gyrus 10 36 52 12 3
R Superior Frontal Gyrus 10 32 52 18 2.8

7 297 L Superior Temporal Gyrus 39 —54 —-56 34 3.6

8 256 L Inferior Parietal Lobule 40 -46 —54 48 2.7

9 212 L Superior Frontal Gyrus 10 —-28 52 20 2.7
L Superior Frontal Gyrus 10 -36 54 16 2.5

10 105 R Caudate 16 -2 18 2.6

Note. voxel size 2 X 2 X 2 mm>L = Left hemisphere; R = Right hemisphere; BA =

K= number of voxels.
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Table 4
Results of the false recognition > true recognition meta-analysis
Cluster K Hemisphere Region BA MNI coordinates ALE (10%)
X Y Z
1 388 L Superior Frontal Gyrus 8 -6 22 48 1.9
L Medial Frontal Gyrus 6 -6 38 32 1.8
L Medial Frontal Gyrus 8 -4 34 38 1.6
L Cingulate Gyrus 32 -8 30 36 1.5
2 122 L Precuneus 19 —-32 —66 48 1.6
3 121 L Inferior Parietal Lobule 40 -32 -36 46 1.5
L Inferior Parietal Lobule 40 -32 -28 40 1.5
4 108 R Medial Frontal Gyrus 11 4 34 —22 2
R Medial Frontal Gyrus 11 -6 32 -18 1.3

Note. voxel size 2 X 2 x 2 mm>.L = Left hemisphere; R = Right hemisphere; BA = Brodmann area.

K= number of voxels.

analysis. The results were largely similar to the original results. A sig-
nificant cluster in the left SFG had commonly emerged in the deceptive
responses > truthful responses and false recognition > true recogni-
tion contrasts. As for the contrast analyses, significant clusters in the
right SFG, left IPL, and right insula emerged in the contrast of (de-
ceptive responses > truthful responses) > (false recognition > true
recognition), but there were no significant clusters in the reverse con-
trast (i.e., (deceptive responses > truthful responses) < (false re-
cognition > true recognition)) (See Table S7 in Supplementary). Taken
together, these findings suggest that it is unlikely that the task type,
stimuli modality or unbalanced number of deception and false memory
contrasts would have a significant influence on the results.Discussion

Pooling together the results of 76 fMRI studies on deception and
false memory, we sought to determine if fMRI data can distinguish

between deception and false memory. This research goal was accom-
plished in a few steps. First, we carried out ALE meta-analyses on de-
ception and false memory studies separately to obtain the ALE contrasts
needed for subsequent analyses. These meta-analyses replicated pre-
vious meta-analyses in showing that both deception and false memory
were largely associated with increased activation in the frontoparietal
regions (Christ et al., 2009; Kurkela and Dennis, 2016). Then, using the
contrasts obtained from these analyses, we put both sets of studies to-
gether to analyze the common and distinct clusters of activation. We
found that both types of task paradigms had commonly activated a
cluster in the left SFG. Furthermore, deception relative to false memory,
was associated with increased activation in the right STG, right insula,
bilateral IPL and right SFG. These results provide some evidence to
suggest that fMRI can discriminate between deception and false

Fig. 3. Significant clusters of activation associated with false recognition > true recognition.
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Medial frontal gvrus. L

Fig. 4. Common neural correlates of deceptive responses > truthful responses
and false recognition > true recognition.

memory.

As our contrast analyses have revealed, deception relative to false
memory significantly activates several frontoparietal regions. This
meta-analytic result is also generally consistent with within-study in-
vestigation of deception and false memory (Abe et al., 2008; Lee et al.,
2009). These differences in activation may be explained by the differ-
ences in cognitive processes involved in both tasks. In most fMRI cue-
deception paradigms, increased cognitive effort was required for the
participants to inhibit the dominant ‘truth’ set of responses and switch
to the ‘false’ set of responses as the cue changes from truth to lying,
(Christ et al., 2009). Such increased inhibition and set-switching de-
mands are perhaps absent in retrieving false memories. Consistent with
this interpretation, the right SFG which was activated in the (deceptive
responses > truthful responses) > (false recognition > true recogni-
tion) contrast, have been reported to be involved in inhibition (Hu
et al., 2016) and task switching (Cutini et al., 2008). Furthermore,
socio-cognitive processes are also engaged to craft deceptive responses
(Lisofsky et al., 2014)— one has to be able to imagine others believing
their false responses as truthful. It is thus not surprising that tempor-
oparietal regions, previously found to be associated with theory of mind
tasks, such as the IPL and STG (Schurz et al., 2017), were activated in
deception responses, relative to false memory. This does not mean that
these regions are not be involved in false memory retrievals, but that
deception tasks may activate these areas more so than false memory
retrievals. Relatedly, a more anterior and medial region of the left IPL

Neuroscience and Biobehavioral Reviews 104 (2019) 43-55

was activated in the false recognition > true recognition contrast.
Such activation was unlikely to be related to theory of mind processing;
instead this IPL activity may occur within context of the parietal
memory network, which relates to the familiarity of the recalled
memories (McDermott et al., 2017). Relatedly, the conjunction analysis
revealed that the brain activation patterns of both tasks only over-
lapped to a minor extent— only the left SFG was commonly activated.
Given that previous research has associated the SFG with working
memory-related processes (Boisgueheneuc et al., 2006), this common
activation may allude to the common working memory demands of
both tasks —the need to hold certain pieces of information online while
manipulating such information. In deception tasks, this would mean
keeping the truth in mind while crafting a false response; in false
memory retrieval tasks, this would mean keeping the retrieved memory
in mind while evaluating its accuracy. Nevertheless, it should be noted
that SFG activity has also been associated with several other cognitive
processes apart from working memory, such as response inhibition
(Zhang et al., 2017), task switching (Cutini et al., 2008), visual atten-
tion (Salo et al., 2017) and theory of mind (Mossad et al., 2016). Hence,
it is also likely that this common activation derived from the two tasks
may relate to very different cognitive processes. For instance, the SFG
activation in the deception task could be associated with inhibiting the
truth set of responses, whereas in false memory tasks, such activation
could be associated with holding the retrieved memory in the working
memory.

Another interesting and important takeaway from our results would
be the fact that significant clusters of activation had emerged in the
(deceptive responses > truthful responses) > (false recognition >
true recognition) contrast, but not the reverse contrast. This may sug-
gest quantitative differences, in addition to qualitative differences in
the cognitive processes employed in both tasks. It is possible that the
deception tasks were much more cognitively demanding than those of
false memory retrievals, hence the brain activation patterns of decep-
tion may have possibly overshadowed those of false memory retrievals
but not vice versa (i.e., significant activation were observed only in one
contrast but not the other). This raises some pertinent questions — how
much of the differences in brain activation between both tasks relate to
the differences in task difficulty rather than in the nature of the tasks? Is
it possible to decrease and increase the difficulty of deception and false
memory retrieval tasks respectively, to obtain null or even opposite
results (i.e., significant frontoparietal activations only in the (deceptive
responses > truthful responses) < (false recognition > true recogni-
tion) contrast)?

Across different individuals and real-world situations, conceiving a
lie and recalling a false memory may vary tremendously in term of the
level of difficulty, and consequently, the amount of cognitive effort
required. More importantly, it has been shown that with repeated
practice, individuals with high psychopathic tendencies can sig-
nificantly decrease the difficulty of carrying out deceptive acts and
reduce their lying-related neural signals (Shao and Lee, 2017). That

Table 5
Results of the conjunction and contrast analyses between deceptive responses > truthful responses and false recognition > true recognition.
Cluster K Hemisphere Region BA MNI coordinates Z value
X Y VA
Conjunction analysis: (deceptive responses > truthful responses)n (false recognition > true recognition)
1 70 L Superior frontal gyrus 8 -4 22 48 1.9
Contrast analysis: (deceptive responses > truthful responses) > (false recognition > true recognition)
1 86 R Superior temporal gyrus 22 57 14 0 3.72
R Insula 13 53 14 -6 3.54
2 75 L Inferior parietal lobule 40 -50 -50 48 3.72
L Inferior parietal lobule 40 —46 -53 44 3.54
3 50 R Superior frontal gyrus 9 33 50 24 3.24

Note. voxel size 2 X 2 X 2 mm>L = Left hemisphere; R = Right hemisphere; BA = Brodmann area.

K= number of voxels.
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Fig. 5. Significant clusters of activation associated with (deceptive responses > truthful responses) > (false recognition > true recognition).

being said, if the differentiation between deception and false memory
rests solely on the brain activation relating to the amount of cognitive
effort, then criminals can easily fool such detection mechanism with
repeated practice. Hence, from the standpoint of discriminating be-
tween deception and false memory, it is imperative to show that fMRI is
sensitive to the qualitative differences, rather than quantitative differ-
ences, in the cognitive effort associated with performing the two dif-
ferent tasks. Unfortunately, this could not be adequately supported in
the current work and literature. To this end, future research not only
needs to execute both deception and false memory tasks within-study,
but they should go one step further to vary the difficulty of both tasks
systematically using parametric modulation designs.

Aside from this, there are other concerns that need to be addressed
before such fMRI differentiation of deception and false memory can be
implemented in the legal context. First, while the current study has
shown that fMRI can differentiate deception from false memories at the
meta-analytic level and studies have shown that both can be differ-
entiated at the group level (Abe et al., 2008; Lee et al., 2009), it remains
to be known if such fMRI differentiation can be reliably and accurately
achieved at the single subject level. In this regard, there is a need for
future studies to carry out multivoxel pattern analyses to classify re-
sponses as deceptive or false memories. Furthermore, in most of the
deception studies included in this meta-analysis, deceptive responses
were elicited via cues rather than spontaneously. It remains unclear
how such fMRI differentiation would fare in real life legal contexts,
where deceptive acts are driven by self-interest or the intention to
harm, rather than in response to a cue.

The current meta-analytic comparison of deception and false
memory is limited by the fact that both task paradigms were compared
between studies rather than within studies. Thus, one cannot rule out
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the possibility that between-study differences in MRI acquisition- and
participant-related variables might have had a confounding influence
on the results.

The current work sought to investigate if deception and false
memory can be differentiated using fMRI. First, we replicated previous
meta-analyses in showing that both deception and false memory tasks
were associated with increased activation in several frontoparietal re-
gions. Then, we compared the contrasts obtained from these meta-
analyses to identify common and unique neural correlates of both tasks.
The left SFG was found to be activated in both tasks. Additionally,
deception relative to false memory, was associated with increased ac-
tivation in the right STG, right insula, left IPL, and right SFG. This in-
creased activation could possibly be explained by the differences in the
nature of both tasks and their task difficulty. These findings do support
the notion that fMRI can discriminate between deception and false
memory. Nevertheless, future work is needed to clarify that the basis of
this differentiation lies with differences in the nature of the tasks rather
than task difficulty, before we can advance the use of fMRI for detecting
deception in high stakes legal contexts.
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