
Researchers have long used memory failure as a means 
to study the capabilities and mechanisms of long-term 
memory. Indeed, much of our understanding of memory 
comes from comparing successful memory formation, 
storage, and retrieval with memory failures of varying de-
grees, from everyday forgetting to dense amnesia (Cohen 
& Eichenbaum, 1993; Eichenbaum & Cohen, 2001; John-
son & Raye, 1981; Schacter, 1996, 2001; Wixted, 2004). 
Failures of memory, however, are not restricted to normal 
or pathological forgetting, in that memory failures may 
involve misremembering events (i.e., source confusions 
or false memories).

Such false memories have been extensively studied be-
haviorally (for reviews of behavioral results, see Loftus, 
2005; Mitchell & Johnson, 2000; for reviews of neuroim-
aging results, see Mitchell & Johnson, 2009; Schacter & 
Slotnick, 2004). One way false memories may arise is 
when events that occur between initial encoding and later 
retrieval distort memory for the original event. For ex-
ample, Loftus, Miller, and Burns (1978) presented partici-
pants with photographs (depicting an original event) and 
later introduced verbal information that was inconsistent 
(misinformation) with what was depicted in some of those 
photographs. Results from subsequent queries about the 
content of the photographs showed that misinformation 
could lead to misremembering of the original event.

Okado and Stark (2005) were, to our knowledge, the 
only group to investigate the misinformation effect with 

functional neuroimaging. They used a modification of 
the misinformation procedure in combination with a sub-
sequent memory analysis, in which brain activity dur-
ing encoding was sorted on the basis of later memory 
outcome. In an original event phase (OEP), participants 
were shown photographs depicting an original event, and 
in a misinformation phase (MP), they were shown photo-
graphs of what was ostensibly the same event but in fact 
included some modified photographs. Behaviorally, par-
ticipants showed reliable false memory formation, often 
mistakenly reporting the source of the misinformation 
as the original event. Region-of-interest (ROI) analyses 
showed two main patterns within the medial temporal 
lobes (MTLs): One set of regions, the left hippocam-
pus tail and left perirhinal cortex, showed more activity 
during the phase of encoding that would subsequently 
be remembered (either the OEP or the MP). Another set 
of regions, including the right hippocampus head and 
body, left hippocampus body, and left parahippocampal 
cortex, showed less activity during the phase that would 
subsequently be remembered (Okado & Stark, 2005). 
Importantly, these results suggested that the brain net-
works that are engaged during encoding of an event play 
a role in determining the later memory outcome—either 
accurate remembering of the original source of an event 
or a source misattribution, in this case when information 
viewed in the second set of slides was misattributed to 
the original event.
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tion in these same regions (Ishai, Ungerleider, & Haxby, 
2000; Kensinger & Schacter, 2005; Kosslyn & Thompson, 
1999; Suchan et al., 2002). Taken together, these results 
suggest that engagement of brain regions involved in vi-
sual imagery can lead to an increased rate of false memory 
formation through errors in reality monitoring. If this is 
the case, then one might expect to see greater activation 
in these regions during the MP for items associated with 
later false memories.

In short, we adapted the subsequent memory misinfor-
mation paradigm of Okado and Stark (2005) to examine 
how the presence of verbal misinformation and visual 
imagery may affect formation of false memories. On the 
basis of Okado and Stark’s (2005) design, the paradigm 
presented here included an OEP in which participants 
viewed photographs; rather than presenting another set of 
photographs during the MP, as in Okado and Stark (2005), 
the MP in the present experiment consisted of written de-
scriptions of the original photographs, some of which con-
tained misinformation.

METHOD

Participants
Participants were recruited through local advertisements in the 

University of Illinois community. Participants were screened for 
contraindications to MRI examination. Additionally, individuals 
with a history of serious cardiovascular or neurological disorders 
were excluded from the study. After an explanation of the study was 
given, informed written consent was obtained from all participants 
prior to initiation of the study. This study was approved by the In-
stitutional Review Board of the University of Illinois at Urbana-
Champaign.

The study included 18 right-handed, native English-speaking 
adults (9 male, 9 female), 19–27 years of age (M  22.61). Apart 
from the 18 participants included in the study, 2 additional partici-
pants were excluded from analysis due to failure to complete the MP 
or the memory tests. One participant failed to complete study for 
the final vignette, so trials from that vignette were not included in 
analysis for that participant. All participants were financially com-
pensated for their involvement in the study.

Stimuli
Stimuli for the OEP were 12 vignettes of 50 photographs each, 

portraying actors engaging in routine daily activities such as rent-
ing a movie or preparing dinner. Photographs were sized to 800  
600 pixels each and were presented on a black background. Presen-
tation of each vignette was preceded by a title slide showing a pho-
tograph of the main character(s) of that vignette, along with a short 
description of what the vignette would depict (Figure 1). Stimuli 
for the MP were written descriptions of each photograph varying 
between 4–11 words each (M  6.23). The written descriptions 
were presented in white lowercase lettering on a black background. 
Stimuli were divided into three trial types: critical, control, and 
generic items. Critical items were stimuli in which a detail from 
the photograph in the OEP was altered in the written description 
presented in the MP (Figure 1). Control items were stimuli in which 
a matching detail was presented in both the OEP and MP (Figure 1). 
Importantly, subsequently tested details from critical and control 
items were seen in only one slide across the entire vignette within 
each phase to control for exposure effects. Generic items were the 
photographs in the OEP and the written descriptions in the MP that 
comprised the remaining stimuli (Figure 1), and, as in Okado and 
Stark’s (2005) paradigm, they were included primarily to create 
coherent stories and were not tested. Within each vignette, there 
were 12 critical trials, 6 control trials, and 32 generic items, for a 

The results of Okado and Stark (2005) provided some 
evidence that the engagement of brain systems impor-
tant for successful memory encoding provides protec-
tion against the effects of misinformation, in that MTL 
activation associated with later true memory outcomes 
may have reflected creation of a more robust and enduring 
memory trace. The present experiment further explored 
subsequent memory effects related to brain activity dur-
ing an OEP and an MP, using verbal misinformation, as is 
more common in behavioral studies of the misinformation 
effect (Loftus, 2005). Using verbal misinformation also 
allowed us to examine the potential role of visual imagery 
during the MP in leading to later false memories in the 
misinformation paradigm (Dobson & Markham, 1993).

The present study addressed two central questions. 
First, can brain activity during encoding of the original 
event predict susceptibility to or resistance to later mis-
information? From the data reported by Okado and Stark 
(2005), one would predict that false memories arise when 
the original event is encoded poorly or not at all, leading 
people to later readily accept misinformation and use it to 
fill in gaps in memory. Thus, the OEP in trials that lead 
to later accurate remembering should be associated with 
relatively higher levels of activation in regions associated 
with successful encoding—such as those in the MTL—
than the OEP in trials leading to later false memories, as 
was found by Okado and Stark (2005). A second possi-
bility is that misinformation is more likely to take hold 
in instances when the person has some memory for the 
original event that perhaps lacks sufficient detail. Under 
this account, the OEP in trials leading to later false memo-
ries may be associated with levels of activation in some 
brain areas (but not others) that are similar to the levels 
of activation in the OEP of trials leading to later accurate 
memories. Alternatively, they may show an intermediate 
level of activation that falls between that in trials leading 
to accurate memories and that in trials leading to forget-
ting. One goal of the present study was to investigate the 
levels of encoding activation during the OEP as a function 
of later memory outcome in order to distinguish between 
these two possibilities.

A second important question we aimed to address con-
cerns which neural and psychological events during pre-
sentation of misinformation lead to later reality- monitoring 
errors and consequently false memories (Johnson & Raye, 
1981). Consistent with the reality-monitoring framework 
described by Johnson and Raye, there is considerable 
behavioral evidence that imagery can contribute to false 
memories (see, e.g., Garry, Manning, Loftus, & Sherman, 
1996; Goff & Roediger, 1998; Hyman & Billings, 1998; 
Johnson, Foley, & Leach, 1988), including in the misinfor-
mation paradigm (Dobson & Markham, 1993). Gonsalves 
et al. (2004) were among the first to report using fMRI 
to examine the neural activity associated with the forma-
tion of false memories related to reality-monitoring er-
rors (see also Gonsalves & Paller, 2000). Results showed 
that the formation of false memories was associated with 
greater activity in anterior cingulate cortex, precuneus, 
and right inferior parietal cortex than were correct rejec-
tions. Other studies of visual imagery have found activa-
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block as preselected by the experimenter; vignettes were preselected 
on the basis of a behavioral pilot in which participants were asked to 
perform the same thematic orienting task. We used these pilot data 
to guide selection of which vignette to ask fMRI participants about 
in each block by selecting the vignette for which the fewest pilot 
participants chose a critical or control item in this task.

Following completion of the OEP, high-resolution T1-weighted 
MPRAGE structural images were obtained.

After acquisition of anatomical scans, and approximately 45 min 
after viewing the first OEP vignette, participants were informed 
that they would see the same vignettes again with written descrip-
tions instead of photographs (i.e., the MP). Importantly, participants 
were not informed of the presence of the written descriptions until 
after completion of the OEP and the anatomical scans. Immediately 
prior to the start of the MP, participants were given another short 
practice session that included written descriptions of the same 15 
photographs presented in the first practice session. In the MP, par-
ticipants were instructed to create a mental image of the photograph 
corresponding to the written description, or, failing that, to imagine 
what it might look like. Distribution of critical, control, and generic 
items in the MP was identical to that in the OEP, with each written 
description corresponding to a specific photograph from the OEP. 
Additionally, each vignette in the MP included 5 randomly distrib-
uted catch trials (for a total of 60 across the entire MP) in which 
participants were asked to rate their imagery on the previous item 
on a 4-point scale (1  no imagery; 4  perfect imagery). Post hoc 
analysis showed that ratings were distributed across trial types in 
approximate proportion to the frequency of each trial type in the 
experiment as a whole. Vignettes were presented in the same order 
during the OEP and MP.

After a 19- to 26-h delay (M  21.67), participants returned for 
memory testing. The test phase consisted of two separate paper-and-
pencil tests: an item memory recognition test and a conflict test. Par-
ticipants were first given a surprise item memory test consisting of 
216 questions, including all 12 critical items and 6 control items for 
each vignette. Questions about each vignette were grouped together 
and were preceded by a reprint of the title slide participants had seen 

total of 144 critical trials, 72 control trials, and 384 generic items in 
the experiment overall. Only critical and control items were tested 
during subsequent item and conflict memory tests. Specific criti-
cal and control items were counterbalanced across three groups of 
participants, so that each item was presented as a critical item in two 
of the three groups. Results showed no differences among counter-
balances in proportion of false memories formed [F(2,10)  1.003, 
p  .41]. A repeated measures ANOVA showed that word counts in 
MP stimuli were matched within vignette across the three trial types 
(critical, control, generic) [0.46  F(2,10)  2.39, all ps  .10].

Procedure
The experiment involved two separate study phases: the OEP and 

the MP, both conducted in the scanner. To familiarize them with the 
task, participants were given a short practice session in which they 
were shown 15 photographs prior to the OEP. Before the task began, 
participants were told they would be viewing 12 sets of photographs 
that each comprised a story; additionally, they were told there would 
be a second task in the scanner but were not informed as to what 
it was. Participants were not told what the experiment was testing, 
and they were not apprised of the inclusion of misinformation until 
debriefing at the end of the experiment. To ensure that participants 
were paying attention to each photographic stimulus during the OEP, 
they were given a thematic orienting task in which they were asked 
to look carefully at all stimuli and covertly select the photograph 
that they believed to be the least fitting for the overall theme of that 
vignette. Each stimulus was presented for 2,250 msec, followed by 
a fixation cross presented for 250 msec (Figure 1). Stimuli within 
vignettes were presented in sequential order and interspersed with 
variable intertrial intervals. Jittered fixation lasted 2,500–7,500 msec 
and was interleaved throughout the functional blocks in an order 
determined by OptSeq2, a program designed to optimize power in 
deconvolution of trials of each condition and fixation (Dale, 1999). 
Vignettes were presented in three blocks of four, and the order of 
blocks was counterbalanced across participants. After each block of 
four vignettes, participants were asked to tell the experimenter via 
intercom the item that they selected from one of the vignettes in that 

Figure 1. Task design. (A) Trial progression for the original event phase, including a critical item, a generic item, and a control item. 
(B) Trial progression for the misinformation phase. Written descriptions are enlarged for illustration purposes.
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Functional data were modeled using the general linear model in 
SPM5. Event-related fMRI timeseries data were convolved with the 
canonical hemodynamic response function, which was time-locked 
to the onset of each photograph or written description. These func-
tions were then used as covariates in the general linear model, along 
with time-derivative basis functions for each condition, trend ef-
fects, and run effects. Least-square parameter estimates of the peak 
of the hemodynamic response function for each condition were 
computed for each participant and were then subjected to individual 
contrasts. These contrasts were then submitted to one-sample t tests 
at the group level, treating subject as a random effect. All fMRI 
analyses used a subsequent memory procedure (Brewer, Zhao, Des-
mond, Glover, & Gabrieli, 1998; Wagner et al., 1998) in which vol-
umes collected during the OEP and MP were sorted into conditions 
on the basis of individual responses on the subsequent paper-and-
pencil item memory recognition test. Epochs in which participants 
were viewing title information (OEP and MP) or were providing 
imagery ratings (MP only) were included in the model as regres-
sors of no interest and were not included in analysis. Generic trials 
were included only in general contrasts of all task-related activity 
with fixation (OEP fixation and MP fixation). All whole-brain 
analyses are reported at a threshold of p  .001, uncorrected, with a 
5-contiguous- voxel extent threshold.

ROI analyses were performed using MarsBar 0.41 for SPM5 
(Brett, Anton, Valabregue, & Poline, 2002) and were based on un-
biased contrasts of all task-related activity compared with fixation 
at a threshold of p  .001, uncorrected, with a 5-contiguous-voxel 
extent threshold. In areas of activation that covered multiple func-
tional regions, functional activations were combined with anatomi-
cal masks as defined by the Automated Anatomical Labeling Atlas 
(Tzourio-Mazoyer et al., 2002). Coordinates listed are center of mass 
in Montreal Neurological Institute space for anatomically masked 
functional clusters (Evans et al., 1993). ROIs were then submitted to 
finite impulse response timeseries analysis for the first eight repeti-
tion times (20 sec). Peak BOLD responses were calculated for each 
condition for each ROI and were then subjected to repeated measures 
ANOVA F tests to compare activity across conditions. If significant, 
F tests were followed by planned pairwise comparisons using single-
degree-of-freedom F contrasts in SuperAnova (Abacus Concepts).

RESULTS

Behavioral Results
Critical trials were divided into three conditions on the 

basis of memory outcome: subsequent true memories 
(Truecrit), subsequent false memories (Falsecrit), and sub-
sequent forgetting (Foilcrit). Control trials were divided 
into two conditions: subsequent true memories (Truectrl) 
and subsequent forgetting (Foilctrl), which was collapsed 
across the two foils for statistical analyses. A one-way 
repeated measures ANOVA of condition with five lev-
els was performed on the subsequent memory recogni-
tion data [F(4,68)  136.63, p  .0001]. Planned pair-
wise comparisons between Truecrit and Falsecrit, between 
 Truecrit and Foilcrit, between Falsecrit and Foilcrit, between 
 Truectrl and Foilctrl, and between Truecrit and Truectrl were 
all significant [6.74  t(17)  19.51, all ps  .0001, using 
Bonferroni correction for multiple comparisons; see Fig-
ure 2]. Participants reported noticing conflict on 18.3% 
of  Falsecrit trials (M  8.61, SD  1.55) and on 39.5% of 
Truecrit trials (M  31.11, SD  4.19).

fMRI Results: OEP
Whole-brain contrasts. Initial whole-brain analyses 

focused on identifying regions for which activity dur-

during both the OEP and MP. Each question had three response op-
tions in random order. For critical items, response options included 
(1) information that had been shown in the photograph in the OEP 
(true memory), (2) information that had been shown in the written de-
scription in the MP (false memory), and (3) a novel foil (no memory 
or guessing) (e.g., What kind of fruit did Julia pick up before getting 
her coffee? (1) bananas, (2) oranges, (3) apples; see Figure 1). For 
control items, response options included (1) what had been shown 
in both the photograph in the OEP and the written description in the 
MP (true memory), (2) a novel foil ( foil 1; no memory or guessing), 
and (3) a separate novel foil ( foil 2; no memory or guessing) (e.g., 
How much did Julia tip the barista? (1) A dollar bill, (2) A few quar-
ters, (3) She did not tip her; see Figure 1). After completing the item 
memory recognition test, participants were given a surprise conflict 
test. The conflict test contained 216 questions corresponding to the 
216 questions from the item memory recognition test, and it prompted 
participants to indicate yes or no as to whether they remembered no-
ticing any conflict between the photograph and written descriptions 
during the study phases for each critical and control item on the item 
memory recognition test. During this test, participants were able to 
view their answers from the item memory recognition test but were 
unable to change them. Both tests were self-paced and untimed, al-
though participants were instructed to answer each question within 
10 sec. Following completion of both tests, participants were given 
the Vividness of Visual Imagery Questionnaire (Marks, 1973), Dis-
sociative Experiences Scale (Bernstein & Putnam, 1986), and Anom-
alous Experiences Inventory (Kumar, Pekala, & Gallagher, 1994). 
These measures were not significantly correlated with behavioral 
false memory formation or brain activity when used as covariates in 
fMRI analyses and are therefore not discussed further.

fMRI Data Acquisition
Imaging was performed using a 3-Tesla Siemens Magnetom 

Allegra MRI scanner (Siemens Medical Solutions, Erlangen, Ger-
many) at the University of Illinois Biomedical Imaging Center. Par-
ticipants viewed visual stimuli on a back-projection screen using an 
angled mirror mounted on the head coil.

After acquisition of a T2 localizer scan, three functional gradient 
echo-planar imaging (EPI) runs were collected, each 12 min 30 sec 
long (repetition time  2,500 msec, TE  35 msec, 40 interleaved 
oblique coronal slices, 0.6-mm interslice gap, 3  3  3 mm3 voxels, 
flip angle  80º, FOV  190 mm, 298 volumes per run). Oblique 
slice acquisition perpendicular to the main axis of the hippocam-
pus was used to minimize susceptibility artifacts during fMRI data 
acquisition. Slices were positioned to ensure complete coverage 
of the occipital lobe, at the expense of excluding the frontal poles 
for participants for whom whole-brain coverage was not possible. 
Four volumes from the start of each functional scan were removed 
from analysis to account for magnetic field equilibration. Follow-
ing the first set of three functional scans (OEP), high-resolution T1 
MPRAGE anatomical images were acquired. The three functional 
runs following anatomical scanning (MP) consisted of 318 volumes 
per run for a run length of 13 min 20 sec and otherwise used param-
eters identical to those of the OEP functional runs.

fMRI Data Analysis
Data were preprocessed using SPM5 (Wellcome Department of 

Cognitive Neurology, London). For each participant, functional im-
ages were adjusted for interleaved slice acquisition and were then 
subjected to affine motion correction. The resulting images were 
visually inspected for quality of motion correction. Functional vol-
umes were then normalized to the SPM EPI template and resam-
pled to 3  3  3 mm3 voxels. T2-weighted localizer images were 
then coregistered to the mean EPI volume across runs, and high-
 resolution T1 MPRAGE images were coregistered to T2-weighted 
images. Again, images were visually inspected following coregistra-
tion for quality assurance. Finally, functional images were smoothed 
with an 8-mm full-width at half-maximum isotropic Gaussian kernel 
to reduce noise.
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of a priori ROIs on the basis of regions implicated in scene 
encoding in previous subsequent memory studies, includ-
ing MTL, frontal lobe, and visual cortical regions (Brewer 
et al., 1998; Gonsalves et al., 2004; Okado & Stark, 2005; 
Wagner et al., 1998), which included right hippocampus, 
bilateral parahippocampus (BA 36/37), right IFG pars tri-
angularis (IFG Tri; BA 45/46), right IFG Oper (BA 44), and 
right precentral gyrus (BA 9; Figure 4). A region  condi-
tion repeated measures ANOVA across the three frontal 
regions and subsequent memory accuracy for critical trials 
showed significant main effects of condition [F(2,34)  
4.76, p  .02] and region [F(2,34)  10.76, p  .0001] but 
no significant interaction [F(2,34)  0.16, p  .96]. Col-
lapsing across these frontal regions, results showed signifi-
cant pairwise differences for Truecrit versus Foilcrit [F(1)  
14.24, p  .0006] and for Falsecrit versus Foilcrit [F(1)  
7.47, p  .01]. There was no significant difference between 
 Truecrit and Falsecrit [F(1)  1.08, p  .31]. Similarly, a re-
gion  condition repeated measures ANOVA grouping the 
three MTL regions and subsequent memory accuracy for 
critical trials showed significant main effects of condition 
[F(2,34)  7.60, p  .002] and region [F(2,34)  3.421, 
p  .04] but no significant interaction [F(2,34)  0.55, 
p  .70]. Collapsing across MTL regions showed the same 
pattern of results as that for the frontal cortex, with signifi-
cant pairwise differences for Truecrit versus Foilcrit [F(1)  
9.16, p  .005] and Falsecrit versus Foilcrit [F(1)  4.16, 
p  .049] and no significant difference between Truecrit 
and Falsecrit [F(1)  0.97, p  .33].

fMRI Results: MP
Whole-brain contrasts. Similarly to the whole-brain 

analysis in the OEP, whole-brain analysis in the MP fo-
cused on comparing later true memories with later false 
memories to assess whether differences during this phase 
of viewing predicted accurate remembering or misremem-

ing the OEP was associated with subsequent true versus 
subsequent false memories in the face of misinforma-
tion (Truecrit vs. Falsecrit) in order to assess globally how 
brain activity during viewing of the OEP might differ 
for later true and false memories. Clusters of activity in 
left fusiform gyrus (BA 20/37) and in a region spanning 
right superior temporal gyrus and lateral occipital cor-
tex (BA 19/39; Figure 3) were greater for subsequent true 
memories than for subsequent false memories (Truecrit  
Falsecrit). Conversely, a region in left insula (BA 45) was 
significantly more active for subsequent false memories 
than for subsequent true memories (Falsecrit   Truecrit; 
see Figure 3).

Next, in order to identify regions in which there was 
greater activity for subsequent false memories than sub-
sequently forgotten items during the OEP, a whole-brain 
contrast of regions for which activity for Falsecrit was 
greater than activity for Foilcrit was performed. Clusters 
of activity were observed in left inferior frontal gyrus 
pars operculum (IFG Oper; BA 44), right midcingulate 
(BA 24), right postcentral gyrus (BA 4), and left superior 
temporal gyrus (BA 22). Finally, a contrast of activation 
of subsequent true memories with subsequent forgetting 
(Truecrit  Foilcrit) yielded clusters of activity in right IFG 
(BA 44), right postcentral gyrus (BA 4), and bilateral fusi-
form gyrus extending into the posterior temporal cortex 
(BA 37/39).

ROI analyses. To examine potential differences be-
tween subsequent memory type during the OEP, a set of 
ROIs was defined on the basis of a general contrast of 
average activation for the OEP compared with fixation 
([Truecrit, Falsecrit, Foilcrit, Truectrl, Foilctrl, generic]  fixa-
tion). Epochs in which participants viewed title screens 
were modeled as regressors of no interest and were not 
included in this contrast. From this set of regions generally 
active while participants viewed scenes, we selected a set 
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included in this contrast. Among critical trials, activity 
in left IFG Tri (BA 45) followed the predicted pattern of 
greatest activity for Truecrit and Falsecrit compared with 
trials in which participants later endorsed the foil ( Foilcrit), 
although differences were not statistically significant 
[F(2,34)  1.044, p  .36]. ROIs were also functionally 
defined and anatomically masked for regions in left IFG 
Oper, left IFG pars orbitalis (IFG Orb), left middle tempo-
ral cortex, bilateral fusiform gyrus, bilateral hippocampus, 
and bilateral parahippocampus. Patterns of results across 
these ROIs were inconsistent and showed no significant 
differences among conditions.

Previous research has shown visual imagery to be related 
to an increased false memory rate (Gonsalves et al., 2004; 
Kensinger & Schacter, 2005). In the present experiment, 
it may be the case that more vivid imagery in response to 
misinformation during the MP led people to form strong 
visual representations of the scenario described by the 
misinformation, leading them to later mistake these vi-
sually rich memories for memory of what they saw dur-
ing the OEP. Thus, to examine the effects of imagery on 
brain activity related to false memory formation in this 
task, trials for which participants made online judgments 
of imagery quality during the MP were divided into low-
imagery (rating  1) and high-imagery (rating  4) con-
ditions. One participant was excluded from this analysis 
due to insufficient trials in the high- imagery condition. A 
contrast of high-imagery greater than low-imagery trials 
yielded one six-voxel cluster in right IFG Orb (BA 11) 
and two small clusters in white matter. No regions were 
significantly more active for low-imagery trials than for 
high-imagery trials.

DISCUSSION

Overall, the version of the misinformation paradigm used 
here led to reliable behavioral creation of false memories. 
When details from the OEP and the MP conflicted, partici-
pants reported true memories (successfully choosing the 
version from the OEP) on 53.6% of trials, false memories 
(choosing the misinformation version) on 32.9% of trials, 
and no memory (choosing a nonpresented foil) on 13.5% 
of trials (see Figure 2), generally replicating the behavioral 
findings of Okado and Stark (2005) using a similar design. 
Thus, although participants had accurate memory for the 
original event in the majority of instances, in a significant 
proportion of cases misleading information did affect their 
subsequent memory reports of the original event, consis-
tent with previous findings that misinformation can alter 
or interfere with episodic memories (Loftus, Schooler, & 
Wagenaar, 1985; McCloskey & Zaragoza, 1985).

Our primary interest was how the brain activity that was 
engaged during encoding of an event—and during expo-
sure to misinformation about that event—was related to 
true versus false memory outcomes in the later memory 
test for the original event. In particular, we addressed two 
main questions: (1) Is there neural evidence that the qual-
ity of original encoding offers resistance or susceptibil-
ity to later misinformation and, thus, false memories? 

bering of the original photographs. The only significant 
activation in this contrast was in several regions of the de-
fault network along the midline—posterior cingulate cor-
tex (BA 31) extending into left precuneus/ cuneus (BA 7) 
and left anterior cingulate cortex (BA 32)—showed 
greater activity for subsequent true memories than for 
subsequent false memories (Truecrit  Falsecrit). There 
was no statistically significant activation detected for the 
reverse contrast, apart from 5 voxels in white matter.

There was an insufficient number of trials in which 
participants noticed conflict and reported false memories 
(M  9.05) to be able to analyze differences in activity 
among false memories with and without awareness of 
conflict.

ROI analyses. Given that this paradigm reliably cre-
ated behavioral false memories, we were interested in 
further exploring how activity in particular brain regions 
differed across conditions in the MP, particularly for sub-
sequent true and false memories. As a first pass, ROIs 
were defined in the general contrast of activation for all 
conditions during this phase with fixation (i.e., activity 
for Truecrit, Falsecrit, Foilcrit, Truectrl, and Foilctrl greater 
than that related to fixation). Epochs in which partici-
pants viewed title screens or provided imagery ratings 
were modeled as regressors of no interest and were not 

Figure 3. The top panel shows voxel-based activation for sub-
sequent true memories (Truecrit) greater than subsequent false 
memories (Falsecrit) ( p  .001, five contiguous voxels). Rendering 
shows a cluster spanning the right superior temporal gyrus and 
lateral occipital cortex (BA 19/39). Section (Z  15) shows a 
cluster in the left fusiform gyrus (BA 20/37). The bottom panel 
shows voxel-based activation for the reverse contrast—when 
Falsecrit was greater than Truecrit ( p  .001, five contiguous vox-
els, Z  6)—showing a cluster in the left insula (BA 45).
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to focal details that supported later accurate remember-
ing in the face of misinformation.

These results also support those of previous behavioral 
investigations of the misinformation effect in which stron-
ger memory for the original event, usually manipulated 
by repeating presentation of the original event, resulted 
in greater resistance to misinformation (Marche, 1999; 
Pezdek & Roe, 1995; Sutherland & Hayne, 2001). In ad-
dition, behavioral and neuroimaging studies have found 
that during memory retrieval, true memories tend to be 
associated with greater ratings and activation of sensory 
details, as predicted by the reality-monitoring framework 
(Johnson & Raye, 1981; see also Slotnick & Schacter, 
2004). That is, even when subjects have failed to dis-
criminate, true memories have been shown to be asso-
ciated with more behaviorally measured sensory detail 
(Mather, Henkel, & Johnson, 1997; Norman & Schacter, 
1997); moreover, neural responses suggest that retrieval 
of true memories is associated with greater reactivation 
of sensory-specific cortex (Cabeza, Rao, Wagner, Mayer, 
& Schacter, 2001; Okado & Stark, 2003; Schacter et al., 
1996; Schacter & Slotnick, 2004; Slotnick & Schacter, 
2004). The present finding that ventral visual areas are 
more active for subsequent true memories than for subse-

(2) What neural mechanisms during exposure to verbal 
misinformation predict subsequent false memories?

With respect to the first question, in the direct con-
trast of OEP trials that led to later true memories with 
those that led to false memories of misinformation items, 
greater activity was observed in occipital and temporal 
visual processing regions, including fusiform cortex 
(Figure 3). Fusiform cortex is part of the ventral visual 
stream, with biases toward processing objects in the 
fovea (Kastner, De Weerd, Desimone, & Ungerleider, 
1998). In the present experiment, the critical trials in 
this contrast all had a central object or action of interest 
that was manipulated in the MP, so that during the item 
memory recognition test, participants could select the 
original object, the object described during the MP, or 
a novel foil as the detail they had seen during the OEP. 
During the OEP, increased activity in left fusiform gyrus 
and right temporal/occipital cortex may have reflected 
increased attention to visual detail, which was associ-
ated with later accurate memory for the critical item(s) 
and thus resistance to the effects of later misinformation. 
Encoding-activation differences between true and false 
memories in the present study may therefore have repre-
sented a higher quality of encoding or a greater attention 
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whereas right inferior frontal cortex, parahippocampus, 
and hippocampus all showed levels of activation for later 
true memories similar to those for false memories, both of 
which were greater than those for later forgetting. The dif-
ferences found between true and false memories in ventral 
visual regions suggest that differential activity during orig-
inal encoding in these regions may predict whether visual 
details will be remembered, leading to a true memory, or 
will be forgotten, leading to a false memory. Activation in 
medial temporal regions typically associated with the en-
coding of context was similar for later true memories and 
later false memories, however, suggesting general contex-
tual information about the viewed scenes was encoded in 
both cases despite later differential memory outcomes.

Thus, the identity of the regions that did and did not 
show differential activation for later true memories and 
later false memories can perhaps provide some hint as to 
the type of information encoded during the original event 
that led to different later memory outcomes. One possibil-
ity is that attention directed to the focal object(s), perhaps 
reflecting stronger encoding of the identity or details of 
these objects or features, provided protection against the 
effects of misinformation by providing detailed and accu-
rate memory of critical items. Trials in which the general 
context of the scene was encoded but the details of the 
focal object were less well encoded, however, were those 
trials in which participants were particularly susceptible 
to misleading information about the exact identity of the 
focal object(s).

Turning to the MP and our second question of interest, 
we found greater activity for subsequent true memories 
than for subsequent false memories during this phase pri-
marily in the default network (Buckner, Andrews-Hanna, 
& Schacter, 2008; Schacter, Addis, & Buckner, 2007), 
including posterior and anterior cingulate cortex and left 
precuneus/cuneus. Given that deactivation of the default 
network has been associated with greater engagement in 
task-related processing, this observation suggests that 
participants may not have been effectively encoding the 
verbal misinformation presented during the MP on trials 
resulting in true memories. Surprisingly, there were no re-
gions of activation in the opposite whole-brain contrast of 
subsequent false memories greater than subsequent true 
memories, which is inconsistent with our prediction that 
MP trials leading to later false memories would be as-
sociated with greater activity in regions associated with 
visual imagery than would MP trials leading to later true 
memories.

The lack of differences observed in this phase may have 
been due to the diversity of processes that were likely tak-
ing place during the MP for critical trials. For example, a 
true memory may have resulted from accurate retrieval 
during the MP of visual details from the OEP and thus 
may have activated many visual processing regions. A 
false memory may have involved the reactivation of some 
information (e.g., contextual detail) from the OEP in re-
sponse to misinformation. Furthermore, participants were 
instructed to form a mental image of the photographs cor-
responding to verbal descriptions during the MP. This may 

quent false memories adds to previous findings indicating 
that an important determinant of true versus false remem-
bering may be the amount of item specific detail that was 
originally encoded.

The results of ROI analyses targeted toward regions 
previously shown to be involved in encoding of success-
fully remembered scenes (Brewer et al., 1998; Stern et al., 
1996; Wagner et al., 1998) showed that three functional 
regions in the right frontal cortex were significantly more 
active for subsequent true memories than for subsequent 
forgetting: IFG Tri, IFG Oper, and precentral gyrus (see 
Figure 4). These results are broadly consistent with previ-
ous results from subsequent memory studies, which have 
found increased activity in right IFG to be related to sub-
sequent memory for scenes (e.g., Wagner et al., 1998). 
Interestingly, in the present study these right frontal re-
gions also showed significantly more activity for sub-
sequent false memories than for subsequent forgetting, 
and activation levels did not differ significantly between 
later true and false memories. Bilateral parahippocampal 
cortex and right hippocampus also showed more activity 
for subsequent true and false memories than for subse-
quent forgetting and no difference between activity for 
true memories and that for false memories (Figure 4). 
Parahippocampal cortex is thought to be important for 
representing contextual information in visual scenes (Bar 
& Aminoff, 2003; Eichenbaum, Yonelinas, & Ranganath, 
2007; Powell et al., 2005; Ranganath et al., 2004). The 
hippocampus, however, is thought to be important for the 
encoding of the arbitrary relations among the elements 
of a scene, such as spatial relations among the objects in 
a scene or the relations between objects and their spatial 
or temporal context (Davachi, Mitchell, & Wagner, 2003; 
Eichenbaum & Cohen, 2001). Taken together with the 
present results, this suggests that encoding of contextual 
information was similar for OEPs in trials that led to later 
true and false memories, and that such contextual infor-
mation did not tend to engender resistance to the effects 
of misinformation.

With regard to the MTL results, it is important to note 
that it would be reasonable to expect that false memories 
may arise in situations in which little or no information of 
any kind is originally encoded. In such a case, when pre-
sented with misinformation during the MP, participants 
had no memory from the OEP to counteract the misinfor-
mation and thus may have accepted the misinformation 
version as accurate. Here, however, we observed signifi-
cantly greater bilateral MTL activity during original en-
coding of scenes that led to later false memories than dur-
ing that which led to subsequent forgetting. In fact, trials 
leading to later false memory were associated with activa-
tion in these regions that was comparable to that in trials 
that led to later true memories. One potential implication 
of this result is that misinformation is more likely to take 
hold in cases where some information has been encoded 
from the original event, rather than in cases where little or 
nothing was encoded.

To summarize, fusiform cortex showed greater activ-
ity for later true memories than for later false memories, 
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have reduced differences in spontaneous mental imagery 
that might have otherwise predicted false memories. Be-
cause of these factors, the null result in the MP data does 
not provide evidence for or against the role of imagery in 
the formation of false memories. Previous studies, how-
ever, have provided ample behavioral and neuroimaging 
evidence that imagery does seem to play a causal role in 
the elicitation of reality-monitoring errors, wherein imag-
ined events are mistaken for actually perceived events 
(Durso & Johnson, 1980; Gonsalves & Paller, 2000; Gon-
salves et al., 2004; Hyman & Pentland, 1996). The pres-
ent results emphasize a major difficulty in isolating the 
contributions of imagery to false memories in response 
to verbal misinformation—namely, the overlap between 
brain regions involved in retrieving visual memories of 
events that did occur and those involved in generating im-
agery in response to a verbal description of an event that 
did not occur. Further research will be needed to tease 
apart visual episodic memory and visual imagery process-
ing in response to misinformation that leads to later true 
versus false memories.

Conclusion
In the misinformation paradigm used here, differences 

in neural activity during original encoding of photographs 
were predictive of subsequent true memory and false 
memory and forgetting. In visual-processing regions, 
greater activity predicted subsequent true memories as 
opposed to subsequent false memories. In right frontal 
cortex and bilateral MTL, however, activity was greater 
for both true and false memories than for forgetting. Thus, 
although a plausible hypothesis is that false memories will 
show an original encoding profile similar to that of for-
getting, the neuroimaging results suggest instead that the 
formation of false memories requires that at least some 
information about the original event be encoded in order 
for misinformation to affect later memory. The results of 
the present study suggest that strong encoding of the gen-
eral contextual frame of an event, combined with weaker 
encoding of the particular details that turn out later to be 
important—such as the identity or specific features of ob-
jects present during the event—are optimal conditions for 
the formation of false memories.
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