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Previous functional magnetic resonance imaging (fMRI) studies have identified activation in the prefrontal–
parietal–sub-cortical circuit during feigned memory impairment when comparing with truthful telling.
Here, we used fMRI to determine whether neural activity can differentiate between answering correctly,
answering randomly, answering incorrectly, and feigned memory impairment. In this study, 12 healthy
subjects underwent block-design fMRI while they performed digit task of forced-choice format under four
conditions: answering correctly, answering randomly, answering incorrectly, and simulated feigned
memory impairment. There were three main results. First, six areas, including the left prefrontal cortex,
the left superior temporal lobe, the right postcentral gyrus, the right superior parietal cortex, the right
superior occipital cortex, and the right putamen, were significantly modulated by condition type. Second,
for some areas, including the right superior parietal cortex, the right postcentral gyrus, the right superior
occipital cortex, and the right putamen, brain activity was significantly greater in feigned memory
impairment than answering randomly. Third, for the areas including the left prefrontal cortex and the right
putamen, brain activity was significantly greater in feigned memory impairment than answering
incorrectly. In contrast, for the left superior temporal lobe, brain activity was significantly greater in
answering incorrectly than feigned memory impairment. The results suggest that neural correlates of
feigned memory impairment are distinguishable from answering randomly and answering incorrectly in
healthy subjects.

� 2012 Elsevier Inc. All rights reserved.
1. Introduction

Deception is a ubiquitous practice in human social interaction.
Among all deceptive acts, feigned memory impairment is espe-
cially common in forensic evaluations, because successfully malin-
gering memory impairment can gain some type of specific benefit
or avoid punishment (Spence et al., 2001). Given the obvious
importance of detecting deception, many methods for detecting
deception have been developed, such as polygraph (Pollina,
Dollins, Senter, Krapohl, & Ryan, 2004), neuropsychological assess-
ments (Delain, Stafford, & Ben-Porath, 2003; Green, Iverson, &
Allen, 1999), event-related potential (ERP) (Rosenfeld et al.,
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1999). However, even these methods are not ideal because of the
inherent limitations. For example, one major problem with poly-
graph is that the polygraph’s measurements of physiological reac-
tions are not unique to deception and can occur in other emotional
states (i.e. guilt, excitement, anger, fear and anxiety). Neuropsy-
chological assessments are not ideal, as mentioned by Lee et al.
(2002), because astute liars could fake testing behavior once
they understand the design of the measures (Bernard, Houston, &
Natoli, 1993). ERP is also difficult to interpret complex cognitive
processes of deception because of the limited spatial resolution.

In recent years, fMRI has been used to study the specific
cerebral activation associated with deception (e.g. Abe, Suzuki,
Mori, Itoh, & Fujii, 2007; Abe et al., 2006; Davatzikos et al., 2005;
Gamer, Bauermann, Stoeter, & Vossel, 2007; Ganis, Kosslyn, Stose,
Thompson, & Yurgelun-Todd, 2003; Kozel et al., 2005; Langleben
et al., 2002,2005; Lee et al., 2002,2005; Mohamed et al., 2006;
Nunez, Casey, Egner, Hare, & Hirsch, 2005; Phan et al., 2005;
Spence, Kaylor-Hughes, Farrow, & Wilkinson, 2008; Spence et al.,
2001). For example, Spence et al. (2001) utilized a computer-based
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interrogation and fMRI to probe the recent episodic memory of
participants. Participants answered specified questions both truth-
fully and with lies. The authors found lying was associated with
greater activity in bilateral ventrolateral prefrontal cortices. The
authors suggest that ventrolateral prefrontal cortex may be en-
gaged in generating lies or withholding the truth. In another study,
with a 4 Tesla scanner, Langleben et al. (2002) measured fMRI con-
trasts between deceptive and truthful responses in 18 participants
performing the Guilty Knowledge Test, and observed that in-
creased activity in the anterior cingulate cortex (ACC), the superior
frontal gyrus, and the left premotor, motor, and anterior parietal
cortex was specifically associated with deceptive responses. In a
study of feigned memory impairment (Lee et al., 2002), five healthy
volunteers underwent fMRI while performing forced-choice mem-
ory tasks involving simulated feigned memory impairment and
other conditions. The results indicated that the neural activity
associated with feigned memory impairment occurred in the pre-
frontal, left cingulate, parietal, and left caudate areas of the cortex.
To understand the stability and repeatability of the neural activity
of feigned memory impairment across forms of stimuli, genders,
and mother tongues, Lee et al. (2005) performed another fMRI
study, and their findings provided conclusive evidence of the exis-
tence of a prefrontal–parietal–sub-cortical (caudate and posterior
cingulate) circuit in feigned memory impairment when tested with
forced-choice memory tasks, regardless of the modalities of the
stimuli used, or the participants’ genders and mother tongues.
Moreover, using an event-related fMRI methodology for further
examination into the neural substrates of feigned cognitive impair-
ment, Browndyke et al. (2008) demonstrated the neural substrates
subserving feigned memory deficits are influenced by response de-
mand and error type. In a study of spontaneous vs. memorized lies,
Ganis et al. (2003) found that memorized lies elicited more activa-
tion in right anterior frontal cortices than spontaneous lies,
whereas the opposite pattern occurred in the ACC and in posterior
visual cortex. Both types of lies elicited more activation than telling
the truth in anterior prefrontal cortices, the parahippocampal
gyrus, the precuneus, and the cerebellum. An investigation (Nunez
et al., 2005) of autobiographical vs. non-autobiographical lies re-
vealed increased activation in the ACC, caudate and thalamic nu-
clei, and the dorsolateral prefrontal cortex when participants
were deceptive about autobiographical vs. non-autobiographical
responses. The authors discovered the amount of conflict and
cognitive control is greater when dealing with self-relevant infor-
mation. In spite of the numerous fMRI paradigms used to investi-
gate the neural signatures of deception, a general consensus is
that truthful response comprises a form of baseline, while decep-
tion demands some form of additional cognitive processing.
Spence et al. (2004) suggest that deception is associated with activ-
ity in the areas involved in response inhibition and executive func-
tions (particularly prefrontal cortex and ACC), while truthful
responding has not been shown to be associated with any areas
of increased activation. So far, to our knowledge, only Mohamed
et al. (2006) revealed increased activation in the frontal and tem-
poral lobes during truthful responding (relative to deception).

In the above-mentioned fMRI studies about feigned memory
impairment, the authors focused exclusively on the contrast be-
tween feigned memory impairment and truth telling. Subjects
were requested to answer questions under four conditions:
answering correctly, answering randomly, answering incorrectly
and feigned memory impairment. But Lee et al. (2002,2005) only
subtracted cerebral activity of answering correctly from feigned
memory impairment when analyzed fMRI data. The conditions
‘‘answering randomly’’ and ‘‘answering incorrectly’’ were included
in order to encourage the subjects to feign tactfully rather than
simply always providing random answers or choosing incorrect
responses. Here we think the data analysis on the basis of t-test
conducted by Lee et al. (2002,2005) was invalid and not informa-
tive. Presenting only pairwise comparisons on experimental para-
digm involving four conditions is inadequate as it fails to
consider the four-way relationship between correct, random,
incorrect, and feigning. In our opinion, instead of exclusively per-
forming pair-wise contrasts, it would be useful to show conjunc-
tion analyses (where do the conditions overlap?) as well as
ANOVA analyses that test for differences across all four conditions.
Following an omnibus ANOVA, post hoc analysis would give better
insight into the pattern of activation levels across all conditions.

Another limitation of above-mentioned fMRI studies is that the
participants were not as emotionally involved in deception as they
would be in real life. As we know, successfully malingering mem-
ory impairment in real life typically can gain a benefit or avoid
punishment. To some degree, feigned memory impairment in
real-life situations involves risky decision making, which may
heighten the motivation to avoid detection. However, rewards
and penalties did not occur in any of above-mentioned studies.

Feigned memory impairment might very much resemble the
conditions ‘‘answering randomly’’ and ‘‘answering incorrectly’’ be-
cause all the three conditions essentially consisted of a certain pro-
portion of incorrect responses. Previous study (Abe et al., 2008)
indicated that fMRI could detect the difference in brain activity be-
tween deception and false recognition, both of which conceal the
truth. Another study clearly indicated that brain activity associated
with intentional faked responses was different from unintentional
incorrect responses (Lee et al., 2009). So the question remains as
to whether neural activity can differentiate between answering ran-
domly, answering incorrectly, and feigned memory impairment. In
order to answer this question, we conducted a block-design fMRI
study in conjunction with forced-choice memory tasks. We not only
focused on the contrast between feigned memory impairment and
truth telling, but also considered the four-way relationship between
answering correctly, answering randomly, answering incorrectly,
and feigned memory impairment. Moreover, we promised partici-
pants RMB 200 Yuan (about 32 US dollars) apiece as encouragement
if they fake well enough to avoid detection. This is the first known
study to investigate the four-way relationship between correct,
random, incorrect, and feigning with money as encouragement.

2. Method

2.1. Subjects

Eight males and four females, between the ages of 24 and 27
(mean age 25.4), volunteered to participate in the study. The par-
ticipants were all strongly right-handed as indicated via the Lateral
Dominance Test (Spreen and Strauss, 1998). Participants were
screened with Digit Span Test (achieving a span of 7 digits), and
had a normal mental state during the experiment as measured
by Symptom Checklist-90. All participants were without antisocial
tendencies, as verified by the Psychopathy Checklist-SV (screening
version) and the DSM-IV (Diagnostic and Statistical Manual of the
American Psychiatric Association, 4th Revision). Participants with a
higher score than 5, as evaluated using the Psychopathy Checklist-
SV, were excluded from the study. None of the participants had a
history of drug, caffeine, nicotine use, or a history of neurological
or psychiatric illness. They all had normal or corrected-to-normal
vision. This study was conducted with the informed consent of
each participant and the approval of the Institutional Ethics Review
Board of Shantou University Medical College.

2.2. Experimental design and procedures

The experimental paradigm used in Lee et al.’s (2002) study was
modified and then used in this study. We performed a block-design



Table 1
Percentage accuracy and reaction time (mean ± standard deviation) for the four
experimental conditions.

Condition Accuracy (%)a RTs (ms)b

Answering correctly 100.00 ± 0.00 1147.11 ± 442.54
Answering randomly 53.98 ± 0.14 798.28 ± 482.70
Answering incorrectly 0.00 ± 0.00 1215.48 ± 434.33
Feigned memory impairment 39.49 ± 0.49 1862.98 ± 753.04

a Accuracy (%), percentage of correct responses.
b RTs (ms), reaction times in millisecond.
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fMRI study employing digit tasks of a forced-choice format. There
were four experimental conditions in this study: (1) the ‘‘answer-
ing correctly condition’’, requiring the participants to make their
best effort and give accurate responses; (2) the ‘‘answering ran-
domly condition’’, requiring the participants to make random re-
sponses. Of course we couldn’t provide the participants a
measure of the randomness using a Markovian analysis or some-
thing similar. We just told the participants to feel free to give re-
sponses, no matter right or wrong; (3) the ‘‘answering incorrectly
condition’’, during which the participants had to always make
incorrect responses; (4) the ‘‘feigned memory impairment condi-
tion’’, during which the participants had to intentionally fake their
memory impairment. The current study was to have subjects feign
a partial but not complete deficit, because in real life, astute malin-
gerers tend not to perform ‘‘too badly’’ all the time, in case this
would provoke suspicion. The conditions ‘‘answering randomly’’
and ‘‘answering incorrectly’’ were included in order to encourage
the participants to really try to fake with a strategy rather than
simply always providing random or stereotyped responses. To
motivate the participants to fake with a strategy, we adopted the
following instructions: ‘‘Imagine a situation, in which your mem-
ory problem will lead to attractive sum of money as compensation
for the treatments and financial support you will require due to the
head injury you sustained in a traffic accident. You should fake
skillfully to avoid detection’’. Besides, we promised participants
RMB 200 Yuan (about 32 US dollars) apiece as encouragement if
they fake well enough to avoid detection. In fact, all the partici-
pants were paid RMB 200 Yuan apiece as monetary compensation
for their participation after completion of the experiment.

Digit memory tasks of a forced-choice format was utilized dur-
ing fMRI scanning. Each subject was presented with a 5-digit num-
ber for 3 s, followed by visual fixation on a cross hair for 1 s. Then
the correct choice and a foil (both the correct choice and the foil
were 5-digit numbers) was projected and each participant was re-
quested to identify the correct answer by pressing the ‘‘right’’ or
‘‘left’’ button, this lasted for 5 s. The 5-digit numbers would disap-
pear if no response was detected within 5 s. Finally the feedback
(‘‘You have given a correct answer/incorrect answer’’) appeared
for 1 s. Subjects were requested to answer the questions under four
conditions (correctly/randomly/incorrectly or malingering mem-
ory impairment). The experiment consisted of four runs, with each
run for each condition. The participants were prompted for the re-
sponses that they were required to make at the beginning of each
run. All participants experienced all the four conditions in se-
quence. The sequence of the presentation of the conditions was
counterbalanced among participants according to the Latin-square
randomization. Each run contained four blocks. Each block con-
sisted of eight questions. Altogether sixteen blocks of fMRI scan-
ning were performed with each block 80 s in duration. There was
17 s of rest between each two blocks.

The experimental paradigm was delivered via EPrime software
version 1.1 (Psychology Software Tools Inc.), and the stimuli
contents were shown through a goggle display system (Resonance
Technology Inc., Northridge, CA, USA) during fMRI scanning. The
overall accuracy rates and average reaction time (RT) were
recorded for all the four conditions via EPrime. During the post-
experimental debriefing, subjects were asked to indicate the
cognitive strategies they adopted during each experimental
condition.

2.3. Image acquisition

The fMRI scan was performed on a 1.5-T fMRI system (Philips
Gyroscan Intera, Netherlands) at the First Affiliated Hospital of
Shantou University Medical College. A T2�-weighted gradient-echo,
echo-planar imaging (EPI) sequence was used for the fMRI scan with
the following parameters: TR = 2 s, TE = 45 ms, FOV = 230 mm �
230 mm, acquisition matrix = 64 � 64, flip angle = 90�, number of
slices = 20, slice thickness = 6 mm, and gap = 0 mm. For each slice,
189 images were procured with a total scan time of 378 s. Anatom-
ical MRI was obtained with a three-dimensional T1-weighted se-
quence (TR = 30 ms, TE = 3.0 ms, FOV = 256 mm � 256 mm, voxel
size = 1 mm � 1 mm � 1 mm).

2.4. Data analysis

The functional imaging data were preprocessed and analyzed
with the Statistical Parametric Mapping (SPM2) software (Well-
come Department of Cognitive Neurology, London, UK). Standard
preprocessing was performed on each participant’s functional data.
First, images were motion-corrected, normalized to the SPM EPI
template, resliced into 4-mm isotropic voxels, spatially smoothed
by convolution with a three-dimensional Gaussian kernel
(FWHM = 8 mm). Then high-pass temporal filtering (with 128 s)
and scaling using mean-based intensity normalization were per-
formed on the images before they were entered into a regression
analysis using the general linear model for block designs in SPM.

Data were analyzed by modeling the experimental conditions
using boxcar functions convolved with a hemodynamic response
function in SPM2. Regressors were constructed for the four types
of blocks (answering correctly, answering randomly, answering
incorrectly and feigned memory impairment), with each block
modeled with a square-waved epoch. Conjunction analysis based
on the direct contrast between all the tasks (including the
‘‘answering correctly’’, ‘‘answering randomly’’, ‘‘answering incor-
rectly’’ and ‘‘feigned memory impairment’’ block) and resting base-
line was then carried out to show the overlap of activation
between the four conditions (P < 0.01, cluster size = 10 voxels).

To assess condition-specific activations, the data were subjected
to a one-way analysis of variance (ANOVA within subjects). The
ANOVA was to identify regions of interest (ROI) across the whole
brain in which the BOLD responses were modulated by the condi-
tion factor. The significance level of ANOVA was set at a voxel-wise
threshold of P < 0.01 and a minimal contiguous volume of 10 vox-
els (640 mm3). For each ROI identified from ANOVA, the condition-
related responses from all voxels in that ROI were averaged. The
ROI data of the four conditions were then subjected to post hoc
analysis to confirm the response pattern in each ROI. The threshold
for the post hoc tests was set at P < 0.05.

3. Results

3.1. Behavioral results

A summary of accuracy rates and average RT is given in Table 1.
Subjects performed the task perfectly under the answering cor-
rectly condition and answering incorrectly condition. Under the
condition of feigned memory impairment, the average response
accuracy was 39.49%, much lower than the condition of random
responding (53.98%). An ANOVA yielded a significant effect of
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condition type in accuracy (F3,44 = 249.95, P < 0.01). A post hoc test
revealed significant differences of response accuracy between each
of the four conditions (P < 0.05). An ANOVA for RTs also showed a
significant effect of condition type (F3,44 = 23.53, P < 0.01). Post hoc
comparisons indicated that the average RT of the answering cor-
rectly condition was not different from the answering incorrectly
condition (1147 ms vs. 1215 ms, P P 0.05). But the average RT of
the feigned memory impairment condition was significantly longer
than that found in the other three conditions (P < 0.01), and the
average RT in the answering randomly condition was significantly
shorter than that found in the other three conditions (P < 0.01).

During the post-experimental debriefing, participants did not
report any difficulty understanding the task procedure and per-
forming each of the tasks. The participants reported, they would
make their best effort to memorize the correct choice and give
honest responses during answering correctly condition. They
would also make their best effort to memorize the correct choice
but make incorrect responses completely during answering incor-
rectly condition. To make random responses, while some partici-
pants reported that they would press the ‘‘right’’ and ‘‘left’’
buttons in turns, others said they would close their eyes when
the 5-digit correct numbers were projected (to ignore the correct
numbers) and just press the ‘‘right’’ and ‘‘left’’ buttons at will. Par-
ticipants made a denial of a real memory deficit during feigned
memory impairment condition although they showed delayed RT
and increased error rate. Participants reported they did not have
any difficulty memorizing the correct numbers, however, to
achieve the purpose of malingering, they would answer most of
them incorrectly. Participants were proved without real memory
deficit by the facts that they all achieved a span of 7 digits as tested
by the Digit Span Test and they manifested 100.00% accuracy rate
during answering correctly condition.
3.2. Imaging results

Table 2 illustrates a common cortical network showing signifi-
cant brain activations for direct contrast between all the four tasks
and resting baseline, including left inferior temporal lobe (BA 20/
21), left cerebellum, right supplementary motor area (BA 6), and
right postcentral gyrus (BA 3).

Fig. 1 and Table 3 shows the brain areas where the BOLD signal
was significantly modulated by condition type, as identified with
the ANOVA program in SPM. There were six areas, including the
left prefrontal cortex (BA 10/46), the left superior temporal lobe
(BA 21), the right postcentral gyrus (BA 3/4), the right superior
parietal cortex (BA 7/40), the right superior occipital cortex (BA
19), and the right putamen.

As to results of post hoc analysis, firstly we noted the significant
pairwise differences involving feigned memory impairment condi-
tion (see Fig. 1 and Table 4). A number of regions were activated
more strongly by feigned memory impairment compared to
Table 2
Brain regions associated with significant BOLD signal increases under contrast of all
the tasks vs. resting baseline (from conjunction analysis).

Anatomical regionsa BA (Coordinates x, y,
z)b

Vol
(mm3)c

t-
Values

L cerebellum (�4, �36, �12) 17600 14.35
L inferior temporal lobe 20/21 (�52, �24, �24) 2496 5.63
R supplementary motor

area
6 (�12, �28, 56) 896 4.17

R postcentral gyrus 3 (68, �16, 20) 1600 6.29

a R for right cerebral hemisphere and L for left cerebral hemisphere.
b BA for Brodmann’s area. The x, y, z coordinates are in the MNI coordinates.
c Vol for activation volume.
answering correctly: the right superior parietal cortex (BA 7/40),
the left prefrontal cortex (BA 10/46), and the right putamen. For
some areas, including the right superior parietal cortex (BA 7/40),
the right postcentral gyrus (BA 3/4), the right superior occipital
cortex (BA 19), and the right putamen, brain activity was signifi-
cantly greater in feigned memory impairment than in answering
randomly. For the areas including the left prefrontal cortex (BA
10/46) and the right putamen, brain activity was significantly
greater in feigned memory impairment than in answering incor-
rectly. In contrast, for the left superior temporal lobe (BA 21), brain
activity was significantly greater in answering incorrectly than in
feigned memory impairment.

Furthermore, since ANOVA results were reported, other signifi-
cant pairwise differences were noted, in addition to those involving
the feigned memory impairment conditions. These results could be
summarized as follows: (1) For three areas, including the left BA
21, the right BA 3/4, and the right BA 19, brain activity was signif-
icantly greater in answering correctly than in answering randomly.
The answering randomly minus answering correctly analysis
showed significant activation in the left BA 10/46 and the right
BA 7/40. (2) A number of regions were activated more strongly
by answering incorrectly compared to the answering randomly:
the right BA 3/4, the left BA 21, the right BA 19, and the right BA
7/40. The answering randomly minus answering incorrectly analy-
sis revealed significant activation in the left BA 10/46. (3) Three re-
gions were activated more strongly by answering incorrectly
compared to answering correctly: the right BA 19, the right BA 7/
40 and the right putamen.
4. Discussion

Accurate and reliable detection of feigned memory impairment
poses an interesting challenge to many scientific disciplines. We
conducted an fMRI study utilizing block design activation para-
digms. The goal of our study was to determine whether neural
activity can differentiate between answering correctly, answering
randomly, answering incorrectly, and feigned memory impair-
ment. Our data provided an affirmative verification of the different
neurocognitive processes involved in the four conditions.

4.1. Feigned memory impairment vs. answering correctly

Using digit tasks of forced-choice format, we observed feigned
memory impairment was associated with significantly greater acti-
vation in the parietal, prefrontal, and sub-cortical regions, relative
to making accurate recall. Our findings are consistent with previ-
ous neuroimaging studies suggesting that brain activities of the
frontal and parietal lobes are associated with deception, relative
to making accurate recall (Ganis et al., 2003; Langleben et al.,
2002,2005). Moreover, our findings are in line with previous
feigned memory impairment research (Browndyke et al., 2008;
Lee et al., 2002,2005), indicating the neurocognitive processes
underlying feigned memory impairment are very much the same
and reproducible in healthy volunteers.

4.2. Feigned memory impairment vs. answering randomly

Feigned memory impairment might very much resemble
answering randomly because both of them essentially consisted
of a certain proportion of incorrect responses when performing
forced-choice memory tasks. However, the behavioral data with
feigned memory impairment and answering randomly could still
be differentiable. In our study, the average response accuracy
was 39.49% under the condition of feigned memory impairment,
significantly lower than the condition of random responding



Fig. 1. Percent signal changes computed for each condition type in each ROI. The underlying color-code map shows voxels significant in the ANOVA. The signal changes of the
following 6 ROIs are depicted (error bars represent SEM). (A) Left superior temporal lobe (�56, 4, �12), (B) right putamen, (C) left prefrontal cortex (�44, 44, 12), (D) right
superior occipital cortex (24, �80, 20), (E) right superior parietal cortex (32, �56, 56), (F) right postcentral gyrus (36, �36, 60). Blue represents answering correctly condition
(C), white: answering randomly condition (R), red: answering incorrectly condition (I), green: malingering memory impairment (M). The asterisks below the C, R or I bars (or
on the inside of the R bar for the last bar graph) indicate the significant contrasts between C and M, R and M, or I and M. The asterisks between the C and R bars indicate the
significant contrasts between C and R. The asterisks between the R and I bars indicate the significant contrasts between R and I. The asterisks above the line from C to I
indicate the significant contrasts between C and I. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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(53.98%). Moreover, the average RT of the feigned memory impair-
ment condition was significantly longer than that found in the con-
dition of random responding (1862.98 ms vs. 798.28 ms, P < 0.01).
The longer RT that was observed under feigned memory impair-
ment condition confirmed the claim that most fakers show longer
latency when responding to recall questions (Slick, Hopp, Strauss,
Hunter, & Pinch, 1994). Malingering is a cognitively loaded task
that requires conscious analysis of the situation and suppression
of a proportion of correct responses. This series of cognitive pro-
cesses could lead to the increased RT observed here.

For feigned memory impairment minus answering randomly
analysis, post hoc analysis revealed significant activation in the
right superior parietal cortex (BA 7/40), the right postcentral gyrus
(BA 3/4), the right superior occipital cortex (BA 19), and the right
putamen. However, no significant activation was observed for
answering randomly versus feigned memory impairment contrast.

Firstly, the significantly greater activation of the parietal region
(including BA 7/40 and BA 3/4) observed and reported here is largely
consistent with the findings of previous research (Lee et al.,
2002,2005). The role of the parietal region in feigned memory
impairment has been much discussed. It was evident that the most
popular strategy adopted in feigned memory impairment was to
calculate the proportion of right and wrong answers. Thus, some
studies suggested that the parietal region was activated by the de-
mands of working memory as well as mental calculation (Crottaz-
Herbette, Anagnoson, & Menon, 2004). Moreover, significantly



Table 3
Brain regions where the BOLD signal was significantly modulated by condition type
from ANOVA analysis.

Anatomical regionsa BA (Coordinates x, y,
z)b

Vol
(mm3)c

Peak F
valued

L superior temporal
lobe

21 (�56, 4, �12) 768 7.34

L prefrontal cortex 10/46 (�44, 44, 12) 704 6.46
R superior parietal

cortex
7/40 (32, �56, 56) 1600 9.95

R postcentral gyrus 3/4 (36, �36, 60) 1088 6.64
R superior occipital

cortex
19 (24, �80, 20) 896 6.21

R putamen (20, 12 ,4) 704 10.64

a R for right cerebral hemisphere and L for left cerebral hemisphere.
b BA for Brodmann’s area. The x, y, z coordinates are in the MNI coordinates.
c Vol for activation volume.
d Degrees of freedom for the F values were df1 = 3, df2 = 44.
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greater activation of the basal ganglia was also observed in our
study as well as some published fMRI researches on deception
(Abe et al., 2008; Ganis et al., 2003). Previous studies suggested an
important role for the basal ganglia in the inhibition of usual re-
sponse and in the monitoring of error performance during feigned
memory impairment. Moreover, some studies showed the associa-
tion between basal ganglia structures and reward components of
the tasks (Ambroggi, Ishikawa, Fields, & Nicola, 2008; Sesack &
Grace, 2010). In our study, monetary rewards were given for good
malingering. This can make the task a reward-based one. So activa-
tion of basal ganglia reported here might belong to reward process-
ing. Significantly greater activation of occipital region (BA 19) here
may be specific to the visual stimulation used in our experiment.
In normally-sighted humans, BA 19 is a visual association area, with
feature-extracting, shape recognition, attentional and multimodal
integrating functions.

This study represents the first attempt to examine if the brain
activity associated with feigned memory impairment and answer-
ing randomly is differentiable. The significantly greater activation
during feigned memory impairment, relative to answering ran-
domly, suggests that making an intentional faked response de-
mands a higher level of working memory, mental calculation,
self-monitoring, and visual attention.

4.3. Feigned memory impairment vs. answering incorrectly

Answering incorrectly sometimes would be confused with
feigned memory impairment because both of them require making
more incorrect responses than other conditions when testing with
forced-choice memory tasks. Answering incorrectly is to answer all
of the items incorrectly. However, astute malingerers tend to feign
a partial but not complete deficit. Both answering incorrectly and
feigned memory impairment require the cognitive processes of
accurate recall followed by conscious manipulation of the recalled
Table 4
Mean percent signal changes for all four conditions in all regions of activation.

Anatomical regionsa Correctb Random Incorrect

L superior temporal lobe 0.05 (0.02) �0.23 (0.01) 0.16 (0.0
L prefrontal cortex 0.12 (0.02) 0.28 (0.02) 0.06 (0.0
R superior parietal cortex 0.19 (0.02) 0.07 (0.03) 0.31 (0.0
R postcentral gyrus 0.15 (0.01) �0.09 (0.02) 0.21 (0.0
R superior occipital cortex 0.30 (0.02) 0.16 (0.02) 0.42 (0.0
R putamen 0.10 (0.01) 0.05 (0.01) 0.16 (0.0

a R for right cerebral hemisphere and L for left cerebral hemisphere.
b Standard errors in brackets.
c Correct (C) for answering correctly condition; Random (R) for answering randomly

feigned memory impairment condition. The asterisks indicate significant contrasts with
information. The cognitive processes of inhibition, which refer to
the refusal of usual response and self-monitoring of error perfor-
mance, are essential for both answering incorrectly and feigned
memory impairment. The frontal and cingulate regions, which play
important roles in response inhibition in humans, were reported to
be engaged in both incorrect answering condition and feigned
memory impairment (Lee et al., 2001,2002).

Behavioral data demonstrated that subjects performed differ-
ently during the two conditions. Subjects had significantly higher
accuracies (39.49% vs. 0.00%, P < 0.01) and longer RTs (1862.98
vs. 1215.48 ms, P < 0.01) during feigned memory impairment than
the condition of answering incorrectly.

In our study, the left prefrontal cortex (BA 10/46) and the right
putamen were significantly more strongly activated during feigned
memory impairment than during answering incorrectly. In con-
trast, for the left superior temporal lobe (BA 21), brain activity
was significantly greater in answering incorrectly than in feigned
memory impairment. The role of the prefrontal cortex in deceptive
responses has been much discussed (Abe et al., 2006; Nunez et al.,
2005; Phan et al., 2005). It is well known that prefrontal cortex
plays an important role in anticipation of performance, informa-
tion manipulation and integration, programming strategies, con-
trol of executive functions, response inhibition, error checking,
self-monitoring of performance, and regulation of motivated re-
sponses (Happaney, Zelazo, & Stuss, 2004; Koechlin, Basso, Pietrini,
Panzer, & Grafman, 1999; Menon, Adleman, White, Glover, & Reiss,
2001; Prabhakaran, Narayanan, Zhao, & Gabrieli, 2000). The func-
tional roles of the prefrontal cortex are essential to the neurocog-
nitive processes of feigned memory impairment. One surprising
result was that the left superior temporal lobe was significantly
more active during answering incorrectly than during feigned
memory impairment. Although it is difficult to explain this finding
from the available data, there is a possibility that the greater acti-
vation of left superior temporal lobe is primarily linked to the
requirement to make more incorrect responses during answering
incorrectly condition. Answering incorrectly is a task for which a
large number of errors are made. Response inhibitions are essential
to the neurocognitive processes of incorrect responses. A cortico-
subcortical circuit has been proposed as possible neural correlates
of response inhibition (Buchkremer-Ratzmann & Witte, 1997). We
further speculate that the greater activation of left superior tempo-
ral lobe may be involved in the demand of a higher level of re-
sponse inhibition in answering incorrectly condition. In general,
these results show that the brain activation of feigned memory
impairment is distinct from that of answering incorrectly, which
could be distinguished by fMRI.
4.4. Other significant pairwise differences

In addition to the contrasts involving the feigned memory
impairment condition, other significant pairwise differences were
Malingering Post-hocc

M > C M > R M > I I > M

2) �0.08 (0.02) �

1) 0.35 (0.02) �

2) 0.31 (0.03) � �

1) 0.11 (0.02) �

2) 0.37 (0.02) �

2) 0.19 (0.01) � � �

condition; Incorrect (I) for answering incorrectly condition; Malingering (M) for
in the corresponding ROI (P < 0.05, uncorrected).
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also observed. For example, three regions were activated more
strongly by answering correctly condition compared to answering
randomly condition. Previous work always used truthful respond-
ing as the baseline in studies of deception (e.g., Ganis et al., 2003;
Langleben et al., 2002; Spence et al., 2001,2004), as if truth telling
was not a complex cognitive operation. Our findings suggest that
truth telling is also a complex cognitive operation arising from dif-
ferent neural systems. In fact, truth telling is also sophisticated be-
cause it has to overcome all the earlier-evoked neural activities
that are devoted to concealing or distorting the truth. Our study re-
vealed the four conditions were associated with overlap of activa-
tion as well as difference in brain activities. It cannot be inferred
from our findings that either truth telling or making random or
incorrect responses are not complex. The issue we intend to
emphasize by our study is the differentiability of the four condi-
tions, which has been clearly shown by our fMRI and behavioral
data, at least in the lab for one task.
5. Conclusion

In summary, our results has successfully demonstrated that the
behavioral data and neural activations involved in feigned memory
impairment and answering correctly/randomly/incorrectly are dif-
ferentiable. There were overlapping and specific areas of involve-
ment underlying these four conditions. For some areas, including
the right parietal, occipital, sub-cortical, and left prefrontal regions,
brain activity was significantly greater in the feigned memory
impairment condition, relative to other conditions. In contrast,
for the left superior temporal lobe, brain activity was significantly
greater in answering incorrectly condition than in feigned memory
impairment condition. The pattern of greater brain activities asso-
ciated with feigned memory impairment observed here is largely
in accordance with the review of the literature presented in the
Introduction. Our findings are not only consistent with the litera-
ture, but also go beyond the previously obtained results by firstly
considering the four-way relationship between correct, random,
incorrect, and feigning.

It is important to note that the activation patterns of feigned
memory impairment reported in the current study are not different
from those involved in other complex cognitive processes, such as
planning, inhibition, working memory, error monitoring, response
selection, target detection, and emotion. It’s suggested that decep-
tion is not a single mental activity, but rather a complex one com-
posed of various cognitive functions. Moreover, it is speculated by
most of the fMRI studies that the identified areas are associated with
performing cognitive tasks underlying deception other than decep-
tion per se. In our study, we also adopted such a hypothetical model
of deception by claiming none of identified areas are specialized for
malingering per se; rather, the combinations of different neurocog-
nitive processes may provide some neural signatures for detection
of feigned memory impairment.

Acknowledgments

This work was supported by the National Key Technology R&D
Program of China (No. 2012BAK16B03), Science and Technology
Projects of Guangdong Province, China (2007B031301007). We
thank Qiu-Lin Wu and Lin-Fa Wu for their constant support and
insightful comments. We declare no conflicts of interest.

References

Abe, N., Suzuki, M., Tsukiura, T., Mori, E., Yamaguchi, K., Itoh, M., et al. (2006).
Dissociable roles of prefrontal and anterior cingulate cortices in deception.
Cerebral Cortex, 16, 192–199.
Abe, N., Suzuki, M., Mori, E., Itoh, M., & Fujii, T. (2007). Deceiving others: Distinct
neural responses of the prefrontal cortex and amygdala in simple fabrication
and deception with social interactions. Journal of Cognitive Neuroscience, 19,
287–295.

Abe, N., Okuda, J., Suzuki, M., Sasaki, H., Matsuda, T., Mori, E., et al. (2008). Neural
correlates of true memory, false memory, and deception. Cerebral Cortex, 18,
2811–2819.

Ambroggi, F., Ishikawa, A., Fields, H. L., & Nicola, S. M. (2008). Basolateral amygdala
neurons facilitate reward-seeking behavior by exciting nucleus accumbens
neurons. Neuron, 59, 648–661.

Bernard, L. C., Houston, W., & Natoli, L. (1993). Malingering on neuropsychological
memory tests: Potential objective indicators. Journal of Clinical Psychology, 49,
45–53.

Browndyke, J. N., Paskavitz, J., Sweet, L. H., Cohen, R. A., Tucker, K. A., Welsh-
Bohmer, K. A., et al. (2008). Neuroanatomical correlates of malingered memory
impairment: Event-related fMRI of deception on a recognition memory task.
Brain Injury, 22, 481–489.

Buchkremer-Ratzmann, I., & Witte, O. W. (1997). Extended brain disinhibition
following small photothrombotic lesions in rat frontal cortex. NeuroReport, 8,
519–522.

Crottaz-Herbette, S., Anagnoson, R. T., & Menon, V. (2004). Modality effects in verbal
working memory: Differential prefrontal and parietal responses to auditory and
visual stimuli. NeuroImage., 21, 340–351.

Davatzikos, C., Ruparel, K., Fan, Y., Shen, D. G., Acharyya, M., Loughead, J. W., et al.
(2005). Classifying spatial patterns of brain activity with machine learning
methods: Application to lie detection. NeuroImage., 28, 663–668.

Delain, S. L., Stafford, K. P., & Ben-Porath, Y. S. (2003). Use of the TOMM in a criminal
court forensic assessment setting. Assessment, 19, 370–381.

Gamer, M., Bauermann, T., Stoeter, P., & Vossel, G. (2007). Covariations among fMRI,
skin conductance, and behavioural data during processing of concealed
information. Human Brain Mapping, 28, 1287–1301.

Ganis, G., Kosslyn, S. M., Stose, S., Thompson, W. L., & Yurgelun-Todd, D. A. (2003).
Neural correlates of different types of deception: An fMRI investigation. Cerebral
Cortex, 13, 830–836.

Green, P., Iverson, G. L., & Allen, L. (1999). Detecting malingering in head injury
litigation with the Word Memory Test. Brain Injury, 13, 813–819.

Happaney, K., Zelazo, P. D., & Stuss, D. T. (2004). Development of orbitofrontal
function: Current themes and future directions. Brain and Cognition, 55,
1–10.

Koechlin, E., Basso, G., Pietrini, P., Panzer, S., & Grafman, J. (1999). The role of the
anterior prefrontal cortex in human cognition. Nature, 399, 148–151.

Kozel, F. A., Johnson, K. A., Mu, Q., Grenesko, E. L., Laken, S. J., & George, M. S. (2005).
Detecting deception using functional magnetic resonance imaging. Biological
Psychiatry, 58, 605–613.

Langleben, D. D., Schroeder, L., Maldjian, J. A., Gur, R. C., McDonald, S., Ragland, J. D.,
et al. (2002). Brain activity during simulated deception: an event-related
functional magnetic resonance study. NeuroImage, 15, 727–732.

Langleben, D. D., Loughead, J. W., Bilker, W. B., Ruparel, K., Childress, A. R., Busch, S.
I., et al. (2005). Telling truth from lie in individual subjects with fast event-
related fMRI. Human Brain Mapping, 26, 262–272.

Lee, T. M., Liu, H. L., Feng, C. M., Hou, J., Mahankali, S., Fox, P. T., et al. (2001).
Neural correlates of response inhibition for behavioral regulation in humans
assessed by functional magnetic resonance imaging. Neuroscience Letters, 309,
109–112.

Lee, T. M., Liu, H. L., Tan, L. H., Chan, C. C., Mahankali, S., Feng, C. M., et al. (2002). Lie
detection by functional magnetic resonance imaging. Human Brain Mapping, 15,
157–164.

Lee, T. M., Liu, H. L., Chan, C. C., Ng, Y. B., Fox, P. T., & Gao, J. H. (2005). Neural
correlates of feigned memory impairment. NeuroImage, 28, 305–313.

Lee, T. M., Au, R. K., Liu, H. L., Ting, K. H., Huang, C. M., & Chan, C. C. (2009). Are errors
differentiable from deceptive responses when feigning memory impairment?
An fMRI study Brain and Cognition, 69, 406–412.

Menon, V., Adleman, N. E., White, C. D., Glover, G. H., & Reiss, A. L. (2001). Error-
related brain activation during a Go/NoGo response inhibition task. Human
Brain Mapping, 12, 131–143.

Mohamed, F. B., Faro, S. H., Gordon, N. J., Platek, S. M., Ahmad, H., & Williams, J. M.
(2006). Brain mapping of deception and truth telling about an ecologically valid
situation: Functional MR imaging and polygraph investigation-initial
experience. Radiology, 238, 679–688.

Nunez, J. M., Casey, B. J., Egner, T., Hare, T., & Hirsch, J. (2005). Intentional false
responding shares neural substrates with response conflict and cognitive
control. NeuroImage, 25, 267–277.

Phan, K. L., Magalhaes, A., Ziemlewicz, T. J., Fitzgerald, D. A., Green, C., & Smith, W.
(2005). Neural correlates of telling lies: A functional magnetic resonance
imaging study at 4 Tesla. Academic Radiology, 12, 164–172.

Pollina, D. A., Dollins, A. B., Senter, S. M., Krapohl, D. J., & Ryan, A. H. (2004).
Comparison of polygraph data obtained from individuals involved in mock
crime and actual criminal investigations. Journal of Applied Psychology, 89,
1099–1105.

Prabhakaran, V., Narayanan, K., Zhao, Z., & Gabrieli, J. D. (2000). Integration of
diverse information in working memory within the frontal lobe. Nature
Neuroscience, 3, 85–90.

Rosenfeld, J. P., Ellwanger, J. W., Nolan, K., Wu, S., Bermann, R. G., & Sweet, J. (1999).
P300 scalp amplitude distribution as an index of deception in a simulated
cognitive deficit model. International Journal of Psychophysiology, 33, 3–19.



C.-Y. Liang et al. / Brain and Cognition 79 (2012) 70–77 77
Sesack, S. R., & Grace, A. A. (2010). Cortico-Basal Ganglia reward network:
Microcircuitry. Neuropsychopharmacology, 35, 27–47.

Slick, D., Hopp, G., Strauss, E., Hunter, M., & Pinch, D. (1994). Detecting
dissimulation: Profiles of simulated malingerers, traumatic brain-injury
patients, and normal controls on a revised version of Hiscock and Hiscock’s
Forced-Choice Memory Test. Journal of Clinical and Experimental
Neuropsychology, 16, 472–481.

Spence, S. A., Farrow, T. F. D., Herford, A. E., Wilkinson, I. D., Zheng, Y., & Woodruff, P.
W. (2001). Behavioral and functional anatomical correlates of deception in
humans. NeuroReport, 12, 2849–2853.
Spence, S. A., Hunter, M. D., Farrow, T. F. D., Green, R. D., Leung, D. H., Hughes, C. J.,
et al. (2004). A cognitive neurobiological account of deception: Evidence from
functional neuroimaging. Philosophical Transactions of the Royal Society of
London. Series B: Biological Sciences, 359, 1755–1762.

Spence, S. A., Kaylor-Hughes, C. J., Farrow, T. F. D., & Wilkinson, I. D. (2008). Speaking
of secrets and lies: The contribution of ventrolateral prefrontal cortex to vocal
deception. NeuroImage, 40, 1411–1418.

Spreen, O., & Strauss, E. (1998). A compendium of neuropsychological tests (2nd ed.).
Oxford: Oxford University Press.


	Neural correlates of feigned memory impairment are distinguishable from  answering randomly and answering incorrectly: An fMRI and behavioral study
	1 Introduction
	2 Method
	2.1 Subjects
	2.2 Experimental design and procedures
	2.3 Image acquisition
	2.4 Data analysis

	3 Results
	3.1 Behavioral results
	3.2 Imaging results

	4 Discussion
	4.1 Feigned memory impairment vs. answering correctly
	4.2 Feigned memory impairment vs. answering randomly
	4.3 Feigned memory impairment vs. answering incorrectly
	4.4 Other significant pairwise differences

	5 Conclusion
	Acknowledgments
	References


