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We often mistake an unknown person for a familiar person because of the similarities in facial features. This
phenomenon, known as false memory, has been investigated mainly using words, pictures, and shapes. Pre-
vious neuroimaging studies on false memory have shown that both true and false memories trigger a similar
activation in the medial temporal lobe, suggesting that it plays a common role in both. However, no study to
date has investigated neural substrates of false memories for faces. In the present fMRI study, we applied a
modified version of the standard false memory paradigm, using morphed pictures of faces, to induce false
memory in an MRI environment. We found that activity in the amygdala and orbital cortices was associated
with the degree of familiarity of items. In particular, false responses to “lure” items evoked a level of activity
in the amygdala between that evoked for correct or incorrect responses to “true” items. This indicates a pos-
sible role of the amygdala in false memory. A specific region in the anterior cingulate cortex was involved in
false recognition; the activity being correlated to reaction times for the response types. These results suggest
that the amygdala is involved in determining the relevance of items; therefore, ambiguousness of lure items
in terms of familiarity and novelty may be related to decreased activity in the amygdala. The anterior cingu-
late activity in false memory may be caused not only by increased effort and motor demand but also by
higher mnemonic processing of lure items.

© 2012 Elsevier Inc. All rights reserved.

Introduction

Human memory is often inaccurate, particularly when a person's
available cognitive resources are reduced by other distracting fac-
tors, or when items lack salient features that would aid effective
encoding. In these situations, accurate memory formation can be dis-
turbed and is prone to various types of distortion (Schacter and
Slotnick, 2004). Numerous laboratory-based studies have investigat-
ed memory distortion by inducing false memory for items presented
either visually or audibly (Dodson et al., 2000; Roediger, 1996;
Schacter and Dodson, 2001). In these studies, false recognition was
defined as a condition in which subjects incorrectly identified
novel items during a recognition phase as being familiar from an
earlier encoding phase.

The occurrence of false memory is increased in a task developed
by Roediger and McDermott (1995), which is based on earlier work
by Deese (1959) (Deese–Roediger/McDermott paradigm, or DRM
paradigm). In the original DRM paradigm, subjects were presented
with lists of associated words (e.g., candy, sugar, and bitter) that

were all related by a critical but unpresented lure word (e.g., sweet).
In a subsequent recognition test, the proportion of old responses to
the lure item was significantly higher than that for unrelated and un-
studied items. A modified version of the DRM paradigm has also been
used in studies investigating false memory for pictorial materials
(Koutstaal et al., 1999). However, despite the commonly reported ex-
perience of false memory for faces, the DRM paradigm has rarely been
used in this context.

Similar kinds of memory distortion for face have been investi-
gated by using items constructed by combining the facial features
of separately studied items and are therefore composed of previ-
ously memorized components (Jones and Bartlett, 2009; Jones et
al., 2006; Reinitz et al., 1992). False alarm rates for these
combined-face stimuli were typically higher than those for
completely new faces and lower than the hit rates of studied
faces. In a study using natural face photographs, a conjunction
error rate (i.e., false alarms to items composed of studied items)
was almost equal to the feature error rate (i.e., false alarms to
items composed of half-studied and half-new components) (Jones
et al., 2006). In addition, false alarm rates for conjunctive face stim-
uli did not increase in senior subjects as compared to those in
young subjects (Searcy et al., 1999). These results suggest that
memory errors for the combined faces are mainly based on famil-
iarity processes in the absence of the precise recollection process
of episodic memory (Jones and Bartlett, 2009).
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Functional neuroimaging has been employed to elucidate neuro-
anatomical substrates of false memory for words (Abe et al., 2008;
Cabeza et al., 2001; Garoff-Eaton et al., 2007; Kim and Cabeza, 2007;
Schacter et al., 1996, 1997), pictures (Gonsalves et al., 2004; Okado
and Stark, 2003), and shapes (Garoff-Eaton et al., 2006; Slotnick and
Schacter, 2004). Major findings from these studies are as follows: i)
levels of neural activity in the medial temporal lobe were almost
equal for both true and false memories and ii) primary sensory
areas activated during the encoding phase are reactivated during
the retrieval phase for “true” items. We hypothesized that perceptual
similarity between faces gives rise to false memory for face as ob-
served in the previous behavioral studies (Jones and Bartlett, 2009;
Jones et al., 2006; Reinitz et al., 1992; Searcy et al., 1999), while
false memory for words is associated with conceptual similarity bet-
ween words. Therefore, in addition to visual sensory areas, regions in-
volved in detection of facial salience such as the amygdala would be
active during false memory paradigm for face.

The face conveys various information about a person such as identi-
ty, familiarity, and emotion and is also allows the evaluation of social di-
mensions such as trustworthiness and attractiveness (Todorov, 2008).
Neural responses in the amygdala to facial images have been shown
to be linearly or nonlinearly correlated with facial features, particularly
those within the social dimension (Said et al., 2010). Several neuro-
imaging studies have shown that both facial attractiveness (Winston
et al., 2007) and trustworthiness (Said et al., 2009; Todorov, 2008) are
related to nonlinear responses in the amygdala with greater activity
in response to stimuli at the extremes of each dimension as compared
to those at the middle of the continuum. Based on these previous re-
ports, we hypothesized that amygdala activation would correlate with
the familiarity of face (Jones and Bartlett, 2009). In addition, we
predicted that the activation would show a nonlinear pattern with ac-
tivities in response to stimuli at the 2 extremes, i.e., old responses to
studied items and new responses to unstudied items, being greater
than those to stimuli from the middle of the continuum, i.e., responses
to lure items. This is because a face that is either familiar or unfamiliar is
a more salient stimulus than one that is ambiguous regarding familia-
rity in ordinary situations.

The present functional magnetic resonance imaging (fMRI) study
uses a modified version of the DRM paradigmwith face pictures to in-
vestigate, for the first time to our knowledge, the neural correlates of
false memory for human faces. We created face pictures with similar
appearances by using computerized morphing techniques to provoke
false memories in the experimental setting. Neural activity was mea-
sured using event-related fMRI and correlated with the degree of fa-
miliarity. Specifically, we hypothesized that the difference in
amygdala activity between old- and new-response conditions would
be high for old items, middle for lure items, and low for new items.
Furthermore, to disentangle the results of correlation analysis, activi-
ty from fixation baseline was measured in each item and response
condition. The mean activity was plotted as a function of saliency;
i.e., old responses to old item and new responses to new item are
the 2 extremes of saliency. We predicted that the amygdala, which
is known to be involved in face processing (Haxby et al., 2000) and
detection of stimulus saliency (Phan et al., 2002), would show the
highest activity under high-saliency conditions and lower activity
under low-saliency conditions involving the lure items.

In addition, we sought to elucidate the functional role of the ante-
rior cingulate cortex (ACC) in false memory, which has been reported
but rarely focused on in previous neuroimaging studies (Okado and
Stark, 2003; von Zerssen et al., 2001). In these studies, the role of
the ACC is limited to the neural processing of effortful responses to
the lure items; however, there is no precise analysis of the relation-
ship between activation and reaction time. In the present study, we
conducted a correlation analysis between ACC activity and reaction
time differences under false and true memory conditions to elucidate
the possible role of ACC in mnemonic processing.

Materials and methods

Subjects

Twenty healthy volunteers with normal or corrected-to-normal
vision were recruited for this fMRI study. The subjects were under-
graduate or graduate students recruited from Nagoya University com-
munity. Subjects provided written informed consent for the
procedure. An investigator carefully checked their physical and
mental condition according to a standard institutional protocol. This
study was approved by the ethics committee of the National Institute
for Physiological Sciences. Data from 1 subject was excluded from the
analysis because the rate of old responses for lure items did not ex-
ceed that for new items (0.39 and 0.39, respectively), precluding an
interpretation of the subject's fMRI data. The results obtained using
the remaining 19 subjects (8 men and 11 women; right-handed;
mean age, 21.2±1.1 years) are presented in this study.

Experimental stimuli

We prepared 384 colored pictures of faces by morphing and aver-
aging original face pictures. The original face pictures were selected
from a Japanese database of face pictures provided by Softopia
Japan Foundation (http://www.softopia.or.jp/rd/facedb.html). The
database consisted of 150 photographs each of male and female
faces (age, 15–64 years); the photographs showed the front faces
with neutral expressions. The photographs were divided into 5-year
groups according to gender and age (15- to 19-year-old male faces,
20- to 24-year-old male faces, and so on); 20 groups of 15 face pic-
tures each were formed. Each of the 20 groups was further divided
into 2 subgroups of 7 or 8 face pictures, thus forming 40 subgroups
in total.

We randomly chose 2 face pictures in each subgroup for combi-
ning with the remaining 5 or 6 face pictures by using a face-
morphing software (Sqirlz Morph, http://www.xiberpix.net/
SqirlzMorph.html). These face pictures were cut in the shape of an
ellipse and showed the brows, eyes, nose, and mouth, with a black
background. Two sets of 5 morphed face pictures with similar facial
appearances were created from 1 subgroup (Fig. 1). One picture
from a set of 6 morphed face pictures was discarded to equate the
number of items between the sets. One of the 5 morphed faces was
used as a “LURE” item and shown only during the test session. The
remaining 4 faces were used as “STUDY” items and presented during
the study session. One of the “STUDY” items was used as an “OLD”
item and presented both in the study and test sessions. Thus, from
the 32 subgroups of face pictures, 256 STUDY items (64 of which
were used as OLD items) and 64 LURE items were created. From the
remaining 8 subgroups of face pictures, 64 NEW items were created
using the same morphing procedures. These NEW items were pre-
sented only during the test sessions and never during the study ses-
sion. These face pictures (256 STUDY, 64 LURE, and 64 NEW items)
were equally divided into 2 stimulus sets for 2 sessions of the fMRI
experiment.

Pilot study for the assessment of face similarity

Before the fMRI experiment, we conducted a pilot study to assess
the subjective similarity of the face pictures between the item types.
This pilot study included 80 native Japanese university students (48
men and 32 women; mean age [s.d.]=20.9 [2.2] years) who did not
participate in the fMRI experiment. The study was conducted in an or-
dinary classroom using a pencil-and-paper test. The test consisted of
24 questions, each consisting of 1 target face picture and 4 or 5 probe
face pictures that were compared with the target. There were 8 diffe-
rent patterns displayed on the test sheets, each showing 136 mor-
phed faces. All the 384 morphed faces created in the previous
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section were randomly sorted in these 8 patterns. Eighty subjects
were assigned a single pattern, with 10 subjects for each pattern.
The target face pictures were randomly chosen from the “OLD,”
“LURE,” or “NEW” items, with 8 faces for each item type. The probe
face pictures were chosen from the “STUDY” items. The subject
rated the similarity of the target and the probe faces by using the 7-
point Likert scale (from 1, for completely different persons, to 7, for
identical persons).

The mean similarity score for comparison of the probe and target
faces within the same gender and age range was computed. The
first comparison was made between the LURE and STUDY items cre-
ated using the same original face. We anticipated that those faces
would be rated as highly similar to each other. The second compari-
son was made between the NEW and STUDY items created using dif-
ferent sets of faces with the same gender and age range; we
anticipated that these faces would be rated as less similar. The results
showed that the mean (s.d.) similarity score for the 2 comparisons
was 4.98 (1.05) and 3.71 (1.15), respectively (see supplementary
Fig. 1). A paired t-test showed a significant (pb0.01) difference in
the mean similarity score between the 2 comparisons. The results in-
dicate that the morphing and averaging procedures used in the pre-
sent study could create sets of faces that were highly similar to each
other.

Experimental procedure

Study sessions
A study session, not scanned by fMRI, was conducted inside the

scanner unit and consisted of 16 task blocks separated by 5-s rest pe-
riods. At the beginning of each block, a red fixation point was pres-
ented for 1 s as a start cue. Within each block, 8 morphed face
pictures were successively presented 1 at a time for 2 s with an inter-
stimulus interval of 1 s (see supplementary Fig. 2). The 8 faces were 6
STUDY items and 2 OLD items from a subgroup with the same gender
and age range as described in the previous section. The blocks were
presented in a fixed order, but the order of face pictures was random-
ized within the block. During the study session, the subjects were
presented with 128 face pictures (16 blocks by 8 faces), which they
were requested to memorize (Fig. 2). The results of a pilot behavioral
study have indicated that a single study session with morphed faces
was not sufficient to provoke false memory. Therefore, in the fMRI ex-
periment, the study session was immediately repeated with the pre-
sentation order randomized only within the block.

Test sessions
During the test sessions, the subjects were presented with 96

morphed face pictures, including 32 OLD items, 32 LURE items, and
32 NEW items (Fig. 2). After the presentation of a fixation point
with 1-s duration, the face pictures were presented for 2 s in a

Fig. 1. A schema showing the process of creation of morphed face pictures. A stimulus set consisted of 7 face pictures of persons of the same gender and age group. Two individual
faces (top row) were randomly chosen for combining with each of the remaining faces (middle row) to create 5 morphed face pictures with similar facial appearances (bottom
row). In the fMRI experiment, 1 of the 5 morphed faces was randomly selected as a “LURE” item and shown only during the test session. The other faces were used as “STUDY”
items and shown during the study session. One of the “STUDY” items was used as an “OLD” item and shown during both the study and test sessions. Another set of faces, created
in the same manner but never shown during the study session, was used as “NEW” items during the test session. Face pictures shown in this figure are not those used in the present
study due to copyright restrictions on the use of the photographs from the database.

Fig. 2. Top: During the study session, 128 morphed faces were presented 1 at a time, in
8×16 item blocks, and subjects were instructed to memorize these faces for the later
test session. During the test session, 32 OLD, 32 LURE, and 32 NEW faces were pres-
ented in a random order, and subjects provided a recognition judgment for each
item. The study/test session was repeated twice with different sets of morphed faces
used as memory items. See Materials and methods for details.Bottom: The mean (col-
umn) and s.d. (bar) of the proportion of old responses to OLD, LURE, and NEW items
during the recognition test are shown. One-way ANOVA showed a significant differ-
ence in the proportion of old response between the item types (pb0.001). The post-
hoc t-test showed a significant difference between the OLD and LURE (pb0.05) and be-
tween the LURE and NEW (pb0.01) items. The greater old response for the LURE than
for NEW items indicates the occurrence of false memory in the present experiment. As-
terisk indicates significance (*pb0.05, **pb0.01).

169T. Iidaka et al. / NeuroImage 62 (2012) 167–176



Author's personal copy

randomized order for each subject. A fixation point interleaved the
trials with jittering, ranging from 2 s to 10 s (mean, 6 s). The subjects
were asked to indicate whether the presented face picture had been
shown in the study session by pressing a corresponding button as
quickly as possible. The subjects made a 4-choice judgment with re-
gard to familiarity and confidence: surely old, maybe old, maybe
new, and surely new. The participants responded by pressing a but-
ton of 2, 2-button boxes, 1 held in each hand. Each of the 4 buttons
was assigned to surely old, maybe old, maybe new, and surely new
response, respectively. The subjects pressed the button by their
index and middle fingers of the both hands. The assignment of the re-
sponse buttons was counterbalanced across the subjects. Because the
mean number of “surely new” and “surely old” responses was small
(8.3 and 9.6 events per subject, respectively), responses were inte-
grated into “old” and “new” for image data analysis. The results for
the behavioral data are shown in Table 1 and the mean proportion
of old response is plotted in Fig. 2. The fMRI experiment consisted
of 2 sets of study/test sessions with different face pictures used for
each set. The total number of faces for which the recognition judg-
ment was made throughout the 2 test sessions was 64 for each item
type.

fMRI acquisition and preprocessing

Functional images of the brain were obtained during the test ses-
sions in an axial-oblique position by using a 3-T MRI scanner (Allegra,
Siemens, Erlangen, Germany) equipped with single-shot echo planar
imaging (EPI; TR=2.3 s, TE=30 ms, flip angle=80°, 64×64 matrix,
36 slices, voxel size=3 mm×3 mm×3 mm) that was sensitive to
blood oxygen level-dependent contrast. A total of 384 images were
obtained in each test session. After discarding the first 4 images, the
successive images were subjected to analysis. A high-resolution ana-
tomical T1-weighted image was also acquired (MPRAGE; TR=2.5 s,
TE=4.38 ms, flip angle=8°, 256×256 matrix, 192 slices, voxel siz-
e=0.75 mm×0.75 mm×1 mm) for each subject. The data were ana-
lyzed using SPM8 (Wellcome Department of Imaging Neuroscience,
London, UK). First, the signal in each slice was temporally realigned
to that obtained in the middle slice by using sinc interpolation, and
all the volumes were spatially realigned to the mean volume. The
resliced volumes were then normalized to the standard Montreal
Neurological Institute (MNI) space by using a transformation matrix
obtained from the normalization process of the mean EPI image of
each subject to the EPI template image. The normalized images
were spatially smoothed using an 8-mm Gaussian kernel.

First-level analysis

After preprocessing, statistical analysis of the data obtained for
each subject was conducted by using a general linear model. At the
first level (a fixed-effects model), each event was modeled as a hemo-
dynamic response function. High-pass-frequency filters (128 s) were

applied to the time-series data. An autoregressive AR(1) model was
used to estimate the temporal autocorrelation. The images were
scaled to a grand mean of 100 overall voxels and scans within a ses-
sion. In the subsequent analysis, the following conditions were sepa-
rately modeled as regressors: 1, old response to OLD item; 2, new
response to OLD item; 3, old response to LURE item; 4, new response
to LURE item; 5, old response to NEW item; and 6, new response to
NEW item. In addition, 6 movement parameters obtained during the
realignment were entered as regressors. The parameter estimates
for each condition and for the differences between the conditions
were computed from the least mean square fit of the model to the
time-series data. Images of the parameter estimates representing
event-related activity at each voxel were created for each condition
and subject. Particularly, in the main analysis, we used the subtrac-
tion between the old and new responses for each of the 3 item condi-
tions because the activity indicated by the contrast images reflects the
neural correlates of successful retrieval (Schacter and Slotnick, 2004;
Spaniol et al., 2009). In addition, to measure neural activity from the
baseline fixation condition in each of the 6 experimental conditions
(i.e., old response to OLD item, old response to LURE item, old res-
ponse to NEW item, new response to OLD item, new response to
LURE item, and new response to NEW item), separate one-sample
t-tests were conducted for these conditions.

Second-level analysis

At the second level, the contrast images of each subject were en-
tered into a group analysis (a random-effects model). The contrast
images pertaining to the differences in activation between the old
and new responses were used for the group analysis. First, the brain
regions where activation was significantly greater for the old res-
ponses than for the new responses were investigated separately for
the OLD, LURE, and NEW items by using a one-sample t-test. The re-
sults are listed in Table 2 at the threshold of p=0.001, uncorrected,
and k=10 voxels. Second, we hypothesized that the sense of fami-
liarity, as indexed by the proportion of old response in each item con-
dition, would be associated with the neural correlates of familiarity as
measured by old minus new subtraction of the fMRI data. To test this,
we performed ANCOVA analysis of SPM8 by using the 3 item condi-
tions (OLD, LURE, and NEW) as factors and the degree of familiarity
as covariates (contrast value: 1 for OLD, 0 for LURE, and −1 for
NEW). A significant positive correlation between activity and these
values was computed. The statistical threshold was set at p=0.001,
uncorrected for multiple comparisons and k=10 voxels (Table 3,
Fig. 3 top).

The signal was extracted from the significant cluster (10-mm
spherical VOI at the peak voxel listed in Table 3) as identified by the

Table 1
Mean number of events and RT (s.d. in the parentheses) for each experimental
condition.

Item type

OLD LURE NEW

Response Old Event 37.7 (6.7) 32.0 (6.9) 20.6 (6.0)
RT 1713 (476) 1776 (513) 1779 (455)

New Event 25.5 (6.7) 31.1 (6.6) 42.3 (5.6)
RT 1861 (571) 1846 (565) 1778 (530)

Event; mean number of events, RT; reaction time in ms.
Total number of events for each item type was 64.

Table 2
The brain regions where activity was significantly greater for "old" responses than for
"new" responses for each item type.

Region name (BA) Hem T value p value x, y, z Voxels

OLD
Inferior frontal gyrus (44) Lt 4.81 0.001 −44, 16, 28 135
Orbital gyrus (11) Rt 4.36 0.001 28, 32, −22 15
Fusiform gyrus (36) Rt 4.29 0.001 38, −46, −26 18
Periamygdaloid cortex Lt 4.23 0.001 −22, 10, −28 12

LURE
Superior parietal lobule (7) Lt 4.72 0.001 −40, −62, 54 35
Inferior frontal gyrus (10) Lt 4.28 0.001 −44, 48, 4 15

NEW
Inferior parietal lobule (40) Lt 5.13 0.001 −34, −38, 46 19
Inferior frontal gyrus (45) Lt 5.00 0.001 −38, 24, 22 23
Cuneus (18) Lt 3.99 0.001 −8, −100, 14 14
Superior parietal lobule (7) Lt 3.95 0.001 −32, −72, 50 16

Hem, hemisphere; Rt, right; Lt, left; BA, Brodmann area, p value is uncorrected for mul-
tiple comparisons, k=10 voxels.
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ANCOVA model that investigated the relationship between neural ac-
tivity and degree of familiarity. A principal eigenvariate of parameter
estimates in a given VOI was computed using a function implemented
in SPM8. The mean±s.e. of the value associated with old minus new
subtraction across subjects and for each item type were plotted
(Fig. 3, middle). The same value in each subject and condition was
plotted against the proportion of old responses (Fig. 3, bottom), and
a Pearson's correlation coefficient was computed (threshold at
pb0.05). Furthermore, to explore the relationship between amygdala
activity and experimental condition, activation from the baseline

fixation condition was extracted from the separate one-sample t-
tests for each of the 6 experimental conditions (10-mm spherical
VOI at x, y, z=−20, 4, −22, respectively) by using a VOI function
in SPM8. The mean value was plotted as a function of the experimen-
tal condition and curve fitted by using a quadric polynomial function
(Fig. 4).

In addition, to investigate the brain region that was specifically in-
volved in processing false memory for face, the LURE condition was
contrasted with each of the OLD or NEW conditions by using an
ANOVA model. The contrast images pertaining to the subtraction bet-
ween old and new responses for OLD, LURE, and NEW items were
used for the analysis. The statistical threshold was set at p=0.001,
uncorrected for multiple comparisons and k=10 voxels. The results
are listed in Table 4, and the significant cluster in the ACC is shown
in Fig. 5. The signal extracted from the ACC cluster (10-mm spherical
VOI) by using a VOI function in SPM8 was correlated with the diffe-
rence in reaction time (RT) between the old and new responses in
the LURE condition (Fig. 6). A Pearson's correlation coefficient bet-
ween ACC activity and RT was computed (threshold at pb0.05).

In previous neuroimaging studies of false memory, the medial
temporal lobe activity did not significantly differ between the false
and true memory conditions (Cabeza et al., 2001; Schacter et al.,
1996, 1997; Slotnick and Schacter, 2004). In addition, significantly

Table 3
The brain regions where activity significantly related with the proportion of old
responses.

Region name (BA) Hem T value p value x, y, z Voxels

Orbital gyrus (11) Rt 4.26 0.001 26, 28, −20 29
Orbital gyrus (11) Lt 4.25 0.001 −30, 30, −22 41
Amygdala* Lt 3.69 0.001 −20, 4, −22 17

Hem, hemisphere; Rt, right; Lt, left; BA, Brodmann area, p value is uncorrected for mul-
tiple comparisons, k=10 voxels.
An asterisk indicates significance of small volume correction at p=0.05 (FEW
correction) within the sphere of 8 mm radius at the peak voxel.

Fig. 3. Top: The results of fMRI data analysis by using an ANCOVA model show that activity in the left amygdala and bilateral orbital gyri is associated with the degree of conscious
memory across item types, i.e., high for OLD, middle for LURE, and low for NEW items. Brain activity in these regions was measured by subtracting new response from old response
for each item type. The detailed information from each cluster is shown in Table 3.Middle: The mean±s.e. activation extracted from the left amygdala, left orbital gyrus, and right
orbital gyrus are plotted for each item type (OLD, LURE, and NEW).Bottom: A significant correlation between the proportion of old responses (x-axis) and neural activity (y-axis) in
the left amygdala and the left and right orbital gyri is plotted. The neural activity on the y-axis indicates the difference in activity between old and new responses. Pearson's corre-
lation coefficients and statistical significance are also shown.
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greater responses in the primary visual areas were observed for old
items than for new items, indicating reactivation of the neural signa-
ture of previously observed items (Okado and Stark, 2003; Slotnick
and Schacter, 2004). To investigate whether these findings have
been replicated in the present study, activation from the baseline con-
dition was compared between the conditions using an ANCOVA
model (contrast value: OLD, 1; LURE, 1; NEW, -2). The contrast im-
ages involving old response to OLD items, old response to LURE
items, and new response to NEW items were used for the analysis.
The statistical threshold was set at p=0.001, uncorrected for multi-
ple comparisons and k=10voxels. The signal changes from the base-
line fixation condition were extracted from the 10-mm spherical VOI
at the right parahippocampal gyrus and the superior occipital gyrus,
and plotted for each condition (Fig. 7). Furthermore, the differences
in activity between the OLD and NEW conditions were computed
when the response type (old and new) was matched between the
conditions.

Results

Behavioral data

The mean proportion of old responses (s.d. in parentheses) for each
of the OLD, LURE, and NEW item sets was 0.60 (0.11), 0.51 (0.11), and
0.33 (0.09), respectively. The results of a one-way ANOVA showed that
the proportion of old responses significantly differed between each
type of memory item (F (2, 54)=34.2, pb0.001). Post-hoc t-tests with
Bonferroni correction for multiple comparisons revealed that the pro-
portion of old responses was significantly (pb0.05) higher for OLD

than for LURE, and more critically, for LURE than for NEW conditions
(pb0.01, Fig. 2). These results indicate that falsememorywas successful-
ly induced for the LURE items in the present study. There was sufficient
number of events to detect neural activity for old responses to the LURE
items (mean 32 events, Table 1). The mean number of “sure” and
“maybe” responses did not significantly differ between the item condi-
tions (sure, F (2, 54)=0.51, p=0.59; maybe, F (2, 54)=0.50,
p=0.61; see supplementary table 1). For the reaction time (RT,
Table 1), the effect of item type was not significant (F (1, 70)=1.75,
p=0.19) and the effect of response time was trending (F (1, 18)=4.2,
p=0.054) toward faster RTs for old responses than for new responses.
There was no significant item-by-response interaction effect on the RT
(F (1, 35)=3.1, p=0.08). The mean and s.d. of the RT for each item
type and response type (surely old, maybe old, surely new, and maybe
new) are shown in supplementary table 2 and supplementary Fig. 3.

fMRI data

Significantly greater activity was observed mainly in the prefron-
tal and parietal cortices for old responses than for new responses
for each item type (Table 2). The results of ANCOVA using the 3
item types as factors and the degree of familiarity as covariates reveal
a significant positive relationship between familiarity and neural ac-
tivity in the left amygdala and the bilateral orbital cortices (Fig. 3,
top, middle, Table 3). The significant activation of the left amygdala
persisted following a small volume correction at p=0.05 (FWE cor-
rection) within a spherical ROI with 8 mm radius at the peak voxel.

Fig. 4. The mean (column) and one s. e. (bar) of the activation levels in the left amyg-
dala (y-axis) are plotted as a function of item and response types (x-axis). The amyg-
dala activity represents the increase in activity from the baseline fixation condition,
which was extracted from the separate one-sample t-test for each item and response
type. The mean value of each condition was fitted using a quadric polynomial function.
The expression and r-square value are shown.

Table 4
The brain regions specifically related to false memory condition.

Region name (BA) Hem T value p value x, y, z Voxels

LURE minus OLD
Anterior cingulate
cortex (24)

Rt 3.97 0.001 4, 14, 34 64

LURE minus NEW
Fusiform gyrus (37) Lt 4.08 0.001 −52, −54, −22 14
Middle frontal gyrus (10) Rt 3.53 0.001 26, 52, −6 11

Hem, hemisphere; Rt, right; Lt, left; BA, Brodmann area,
The signal difference between old and new responses was compared between the LURE
and other item conditions, p value is uncorrected for multiple comparisons, k=10
voxels.

Fig. 5. A single cluster in the anterior cingulate cortex (ACC) was predominantly in-
volved in the processing of lure items when the LURE condition was contrasted with
the OLD condition. Detailed information of the cluster is shown in Table 4.

Fig. 6. A significant correlation between ACC activity (y-axis) and the RT difference for
the LURE item condition (x-axis) is plotted. The ACC activity was extracted from the old
minus new responses subtraction for the LURE items. The RT difference was computed
by subtracting the RT for the new response from the RT for old response in the LURE
condition. The correlation coefficient and statistical significance are also shown.
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The signals extracted from these regions were significantly positively
correlated with the proportion of old responses across the 3 item
types (Fig. 3, bottom, left amygdala, r=0.30, pb0.05, left orbital
gyrus, r=0.47, pb0.01, right orbital gyrus, r=0.27, pb0.05).

To illustrate the relationship between the neural activity and each
condition, the activation in the amygdala relative to the baseline fixa-
tion condition (measured by a separate one-sample t-test) was plot-
ted against the 6 experimental conditions. This revealed a U-shaped
relationship between the amygdala activity and the experimental
condition, with the quadric polynomial function explaining 98% of
the variance (Fig. 4). This indicates that activity was the highest
under correct conditions (i.e., old response to OLD item or new res-
ponse to NEW item) and lowest under incorrect conditions (i.e.,
new response to OLD item or old response to NEW item), and the
level of amygdala activity measured during the experimentally in-
duced false memory condition (i.e., old response to LURE item) fell
in between.

To investigate the brain region specifically involved in processing
false memory for faces, the LURE condition was compared with both
the OLD and NEW conditions (Table 4). The comparison between
the LURE and OLD conditions showed that a single cluster in the
ACC had greater activity in the LURE condition than in the OLD condi-
tion (Fig. 5). The signal extracted from the ACC cluster had a signifi-
cant positive correlation with the difference in the RT between the
old and new responses for LURE items (r=0.64, pb0.01, Fig. 6).
There was no significant correlation between the ACC activity and
the RT for either the OLD (r=−0.25, n.s.) or NEW (r=−0.15, n.s.)
conditions. The comparison between the LURE and NEW conditions
showed significant differences in the activation of the fusiform
gyrus and the lateral prefrontal cortex (Table 4).

Previous studies have shown that activity levels in the medial
temporal lobe are similar for both true and false memories, and sig-
nificant activity occurs in primary sensory areas for true memories
during retrieval (Schacter et al., 1996; Slotnick and Schacter, 2004).
To investigate whether these findings hold true for memory for
faces, activation under the baseline condition was compared to the

experimental conditions using an ANCOVA module. In line with the
previous studies described, the right parahippocampal gyrus (x, y,
z=20, −38, −6, T=3.51, p=0.001, uncorrected, k=26 voxels)
had significantly greater activation levels for both OLD and LURE
items than for NEW items (Fig. 7, top). Both OLD and LURE items
evoked greater activity in the occipital visual area (x, y, z=−10,
−86, 28, T=4.24, p=0.001, uncorrected, k=48 voxels) than NEW
items did (Fig. 7, bottom). Furthermore, there was a significantly
greater activity in the same region in the occipital visual area (x, y,
z=−12, −84, 28, p=0.001, uncorrected, k=182 voxels) for old re-
sponses to the OLD items than for old response to the NEW items. A
similar result was obtained in the contrast between new responses
to the OLD items and new responses to the New items (x, y, z=
−12, −86, 28, p=0.001, uncorrected, k=42 voxels).

Discussion

The present study demonstrates 3 major findings concerning be-
havior and neuroanatomical substrates of false memory in normal
human subjects. First, our procedure using a modified DRM paradigm
with morphed faces successfully evoked false memory for faces in the
fMRI environment. There have been many behavioral (Dodson et al.,
2000; Jones and Bartlett, 2009; Jones et al., 2006; Reinitz et al.,
1992; Roediger, 1996; Schacter and Dodson, 2001; Schacter and
Slotnick, 2004; Searcy et al., 1999) and neuroimaging studies that
have investigated false memory for words (Abe et al., 2008; Cabeza
et al., 2001; Dennis et al., 2008; Garoff-Eaton et al., 2007; Heun et
al., 2004; Kim and Cabeza, 2007; Paz-Alonso et al., 2008; Schacter et
al., 1996, 1997; von Zerssen et al., 2001), pictures (Gonsalves et al.,
2004; Okado and Stark, 2003), and shapes (Garoff-Eaton et al.,
2006; Slotnick and Schacter, 2004); however, this is the first fMRI
study to use the modified DRM paradigm and morphed face pictures
to investigate false memory for faces in healthy subjects. The beha-
vioral results of the present study clearly demonstrate that the pro-
portion of old responses to the lure face stimuli (which had similar
appearances to the previously presented, studied faces) was

Fig. 7. Top: There were significantly higher levels of activation during old responses to both the OLD and LURE items, than during new responses to the NEW items in the right
parahippocampal gyrus. The mean and s.e. of signal changes from the baseline fixation condition are plotted.Bottom: There were significantly higher levels of activation during
old responses to both the OLD and LURE items than during new responses to the NEW items in the superior occipital gyrus. The mean and s.e. of signal changes from the baseline
fixation condition are plotted.Resp., response type of the subject. See results section for details of the significant clusters.
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significantly higher than that of the unstudied faces; these results
confirm the occurrence of false recognition for the morphed faces.

Second, activity in the left amygdala and the bilateral orbital gyri,
recorded during the recognition test, was significantly associated
with the sense of familiarity with test items across the item condi-
tions. Specifically, activity levels in the left amygdala were greatest
when subject's responses were correct, lowest when responses
were incorrect, and activity related with false memory fell some-
where in between. The finding that both old responses to the OLD
items and new responses to NEW items (i.e., correct responses) elic-
ited significant activation in the amygdala may relate to the notion
that the amygdala plays a critical role in detecting the saliency
(Phan et al., 2002) and the relevance (Ousdal et al., 2008) of a stimu-
lus. Both the old and new correct conditions are salient and relevant
to subjects in terms of mnemonic processing; the former involves fa-
miliarity and the latter novelty. It is perhaps noteworthy that the
level of amygdala activity in the experimentally induced false memo-
ry condition (that evoked ambiguous and combined feelings with re-
gard to familiarity and novelty) fell between the 2 extremes. This
indicates that activation of the amygdala could partially differentiate
between true and false memories, in contrast to parahippocampal ac-
tivation that could not distinguish between these memories.

Predominant involvement of the amygdala in the detection of
stimulus saliency has been previously reported in studies that used
tasks in other domains of mental processing. Several reviews have
shown that the human amygdala is activated in response to both pos-
itive and negative emotional stimuli (Costafreda et al., 2008; Fusar-
Poli et al., 2009; Phan et al., 2002; Wager et al., 2003); similar pat-
terns have also been observed in the primate amygdala (Paton et
al., 2006). In other studies using fMRI and an evaluation task of face
trustworthiness, both extremely trustworthy and untrustworthy
faces elicited significant activation in the amygdala (Said et al.,
2009; Todorov, 2008; Todorov et al., 2011). Furthermore, the amyg-
dala activation is elicited by a threatening avoidance cue, as well as
by a rewarding cue that predicts monetary loss or gain (Schlund
and Cataldo, 2010). The amygdala activity in the present study may
be enhanced in the 2 extremes of familiarity, i.e., old responses to
old items and new responses to new items, because whether or not
a person is familiar to the subject is important information in ordi-
nary situations. The distribution of face stimuli including the 2 ex-
tremes and the middle of the continuum may be critical for
observing such nonlinear amygdala responses. Therefore, it is be-
lieved that the amygdala plays a role in detecting salient stimuli fea-
tures in several fields of human emotion and cognition, including face
evaluation, reward, and memory.

The left and right orbital gyri have shown similar activation patterns
to the amygdala; these results could be predicted from the dense ana-
tomical connectivity evident between the amygdala and orbital cortex
(Ghashghaei et al., 2007). A lesion study in humans showed that pa-
tients with damage to the orbito-frontal cortex (OFC) made more
false positive responses to pictures in a memory task than those with
damage outside the OFC (Schnider and Ptak, 1999). A positron emission
tomography study on healthy humans also demonstrated that the OFC
is significantly activated when subjects were presented with both rele-
vant and irrelevant pictures, and suppressed the response to the irrele-
vant pictures (Schnider et al., 2000). These results indicate that the OFC
is predominantly involved in a mechanism that selects memories of
current relevance by suppressing irrelevant memories. Thus, the OFC
activity measured in the present study may reflect successful memory
processing associated with the suppression of irrelevant items during
the false memory paradigm.

Thirdly, false memory for faces specifically involved activation of
the ACC that significantly and positively correlates with the difference
in RT observed for the LURE items. A number of studies have shown a
significant relationship between activity in the ACC and false memory
for words (Garoff-Eaton et al., 2007; Kim and Cabeza, 2007; von

Zerssen et al., 2001), shapes (Slotnick and Schacter, 2004), faces
(Hofer et al., 2007), and pictures (Duarte et al., 2010; Okado and
Stark, 2003); however, these findings have generally been regarded
as of little importance. The anterior cingulate activity observed during
false memory of words was interpreted as an association between
performance monitoring and response conflict (von Zerssen et al.,
2001). In another study that used pictures as memory items, the au-
thors showed that the longer RT and higher ACC activity are associat-
ed under false memory conditions (Okado and Stark, 2003).

Several reviews of the literature have shown the ACC to be in-
volved in handling increasing cognitive demands and RT differences
when subjects were monitoring conflicts between competing repre-
sentations (Barch et al., 2001; Carter and van Veen, 2007). Greater
cingulate cortex activity associated with the memory paradigm has
been reported in an fMRI study that evoked a tip-of-tongue state in
the subjects (Maril et al., 2001). The authors of this study concluded
that ACC activation may reflect the difficulty of the response decision.
In another study that investigated the neural correlates of retrieval-
related forgetting, the change in ACC activation was coupled with a
conflict between competing mnemonic representations (Kuhl et al.,
2007). In line with these findings, the present study has revealed
that the ACC is specifically engaged in the false recognition of LURE
items that have a perceptual resemblance to the OLD items, thus
causing a response conflict between the items.

Another important point is that the engagement of ACC in false
memory for faces is associated with a difference in RT between the
old and new responses only for LURE items. The mean RT was signif-
icantly shorter for old than for new responses (pb0.02, post-hoc
paired t-test) only for OLD items; these results present a trend for
the LURE (p=0.08) and are not significant for the NEW items
(p=0.99). Therefore, it could be assumed that the greater the differ-
ence in the old minus new response RT, the more the subjects had a
sense of familiarity for items. In the correlation analysis, the negative
RT difference value, which could be a reflection of familiarity for the
LURE items, correlated with less conflict for the LURE items as inde-
xed by the ACC activity. This may suggest that ACC engagement in
false memory is not only caused by an increasing effort and conflict
but is also associated with higher mnemonic processing of the lure
items. No significant difference was observed in the mean number
of “sure” and “maybe” responses between the item types. Similar pat-
terns of RT were observed in the OLD and LURE conditions when the
response type was further divided into “sure” and “maybe” responses
(see supplementary materials). Therefore, it is unlikely that specific
involvement of the ACC in the LURE condition is caused by the diffe-
rence in the RT between the item type conditions.

We partially replicated findings observed in previous neuroimag-
ing studies on false memory. In our investigation, the para-
hippocampal gyrus was significantly activated under both true and
false memory conditions. These results are in line with those of previ-
ous studies (Cabeza et al., 2001; Schacter et al., 1996, 1997; Slotnick
and Schacter, 2004) indicating that involvement of the medial tempo-
ral lobe is common to both true and false memories. In addition, in
the present study, both the OLD and LURE items evoked significantly
greater activation than the NEW items in the occipital cortex during
the test phase, presumably reflecting the fact that there were sub-
stantial physical and perceptual similarities between the OLD and
LURE items. Activation in the occipital visual area was greater for
the OLD items than for the NEW items when the response type was
matched (i.e., both "old" and both "new"). This partially replicates a
sensory reactivation hypothesis suggested by the previous studies
(Okado and Stark, 2003; Schacter and Slotnick, 2004). In a study by
Slotnick et al., prototypes and their exemplars of abstract shapes
were created as non-verbal memory items (Slotnick and Schacter,
2004). During the test phase, neural activity measured in the occipital
cortex was almost equivalent between previously seen shapes and
related but novel shapes.
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There are several limitations in the present study. First, although
we considered that items with similar appearance would not be pres-
ented as NEW items in the test session, there was a single item for
each NEW item that was created from the same original face due to
the limited number of pictures in the face image database. This may
confound the behavioral and neuroimaging results for the NEW con-
dition. Second, in the behavioral data, the number of “surely old” and
“surely new” responses was small, indicating a weak confidence level
of responses during the recognition test. The subtraction between the
old and new responses to each item type yielded significant activa-
tion in the prefrontal and parietal cortices (Table2), a finding which
was similar to that reported in previous studies (Duarte et al., 2010;
Hofer et al., 2007). However, the activated regions associated with
the old responses were relatively small, probably due to a weak con-
fidence level during the task.

In conclusion, the present study has shown that false memory for
faces could be successfully evoked in the fMRI experimental setting
by using a modified DRM paradigm and morphed face pictures. The
neural correlates for false memory for face were partially overlapping
with those for true memories in terms of localization of the brain
structures, namely, the left amygdala and the bilateral orbital cortices.
However, levels of neural activity associated with false memory were
between the memories that recognized the items correctly and incor-
rectly as either old or new. In contrast, activity in a specific region of
the ACC may represent some aspects of response conflict and mne-
monic processing of falsely recognized memory items as the activity
level is significantly related with the performance speed.
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