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The current study investigated the effects of aging on the neural basis underlying true and false
recollection. Although older adults, compared with younger adults, exhibited equivalent rates of true
recollection, age differences in true recollection showed a pattern of activity commonly found among
previous memory studies (e.g., age-related decreases in occipital and increases in prefrontal cortices),
suggesting reduced retrieval of perceptual details associated with encoding items and a greater reliance
on top-down compensatory processing. With regard to false recollection, older adults exhibited
significantly greater false recollection yet did not exhibit increased neural processing. They did exhibit
decreased activity in prefrontal, parahippocampal gyrus, and occipitoparietal cortex, suggesting a
reduced reliance on reconstruction processes mediating false recollection in young. An individual dif-
ferences analysis in older adults found false recollection rates predicted activity in several regions.
including bilateral middle/superior temporal gyrus. Taken together, these results indicate that increases
in false recollection in aging may be mediated by reduced access to encoding-related details as well as
reliance on semantic gist and familiarity-related neural activity.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction

Age-related memory deficits are a prevailing cognitive reality
for older adults. Research has found that, compared to young
adults, older adults are both more apt to forget details from pre-
vious experiences as well as falsely remember erroneous details or
memories of past events (Koutstaal and Schacter, 1997; Norman
and Schacter, 1997; Tun et al., 1998). Although the majority of
neuroimaging research to date has focused on elucidating the
neural correlates associated with age-related increases in forget-
ting, behavioral research has shown that age-related increases in
false memories is equally disruptive to memory processing in
aging (McCabe et al., 2009). Moreover, a wealth of recent work
with regard to dual process theories of memory has shown that
these age-related impairments in memory are not ubiquitous but
are subject to both how memory is measured (e.g., recall vs.
recognition; recollection vs. familiarity) (e.g., Bastin and Van der
Linden, 2003; Craik and Mcdowd, 1987; Watson et al., 2004;
Yonelinas, 2002) as well as person-to-person variability in
behavior (Christensen et al., 1994, 1999; Lindenberger and Baltes,
1997; Nelson and Dannefer, 1992). The current study uses both a
Remember/Know/New memory task and individual performance
logy, The Pennsylvania State
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measures to investigate the neural basis of false recollection and
interindividual variability associated with age-related increases in
false memories.

With regard to dual process theories of memory, age-related
memory deficits in retrieval have been linked to significant re-
ductions in true recollection (Bastin and Van der Linden, 2003;
Davidson and Glisky, 2002; Parkin and Walter, 1992), whereas
familiarity processes appear to remain relatively intact (Bastin and
Van der Linden, 2003; Naveh-Benjamin, 2000; Parkin and Walter,
1992). This behavioral dissociation has been found to correspond
to a similar dissociation in neural functioning. Specifically, during
memory retrieval, brain regions known to mediate recollection
(i.e., the hippocampus, early visual cortex, and lateral parietal
cortex) (Ally et al., 2008; Daselaar et al., 2006; Duarte et al., 2008;
Duverne et al., 2008) show age-related deficits in activation,
whereas those that mediate familiarity (i.e., rhinal cortex, occipi-
toparietal cortex) often show intact or enhanced functioning in
aging (Daselaar et al., 2006; Dennis et al., 2008b; Duarte et al.,
2010; Dulas and Duarte, 2012; Yonelinas et al., 2007). As such, it
is posited that older adults rely to a larger extent on familiarity, as
opposed to recollection, when making memory decisions.

The fuzzy trace theory of false memory encapsulates both
recollection and familiarity processes in its definition of verbatim
and gist traces and, in doing so, provides an appealing framework
for understanding age differences in false memories. Specifically,
fuzzy trace theory posits that 2 types of memory traces are created
during encoding: verbatim traces and gist traces (Brainerd and
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Reyna, 1990). Verbatim traces retain the distinctive features of an
event, whereas gist traces retain the general meaning but lack
perceptual details or information about specific instances of an
encoding event. Thus, encapsulated in the theory are the concepts
of recollection (memory for item-specific traces) and familiarity1

(memory for gist traces). Although accurate memory retrieval
can be based on retrieval of either memory trace, false memories
typically occur when new items or events elicit retrieval of the gist
trace and no verbatim trace is available (or strong enough) to
oppose the familiarity elicited by retrieval of the gist trace. In the
absence of a verbatim trace of the true event, the gist trace
alone may form the basis of a false memory. This of course is
especially problematic in aging, in which encoding and retrieval of
item-specific information (i.e., verbatim traces) are impaired and
gist or familiarity is left relatively intact. Consistent with the fuzzy
trace theory, age-related increases in false memories are most
pronounced when old and new information share common se-
mantic, perceptual, and/or conceptual characteristics and, as such,
share a common gist trace associated with one or more of these
properties (Balota et al., 1999; Kensinger and Schacter, 1999;
Koutstaal and Schacter, 1997; Norman and Schacter, 1997;
Schacter et al., 1997b; Tun et al., 1998). The notion that increased
false memories in aging are supported by gist processing at
encoding and a reliance on familiarity is consistent with a number
of false memory studies (Balota et al., 1999; Benjamin, 2001;
Dennis et al., 2007b, 2008b; Duarte et al., 2010; Koutstaal and
Schacter, 1997; Koutstaal et al., 1999; Schacter et al., 1999; Tun
et al., 1998).

However, not all false memories are reported to be associated
with familiarity or gist. Some false memories are associated with
high confidence and vivid details, evoking a sense of recollection
associated with retrieval of the false memory. Such false memories
have been noted to occur across a variety of conditions including
when several targets share a similar meaning, such that gist
memories for those targets are strong, in the presence of seman-
tically related distracters, and when participants study pictures
that converge on a common meaning and the distractor shares this
common meaning (Brainerd et al., 2001). In a recent meta-analysis
that focused on the separate contributions of recollection and
familiarity to age-related memory differences, McCabe et al., 2009
found a medium-to-large effect size with regard to age-related
deficits in true recollection (d ¼ �0.68) and an equally large
effect size associated with age-related increases in false recollec-
tion (d ¼ 0.61). Although the effect size for age-related increases in
false familiarity was also significant (d ¼ 0.36), it was substantially
smaller than that of false recollection. Hence, results indicate that
aging affects both true and false recollection to a similar degree and
that the impact of age on false recollection is greater than its impact
on familiarity. Given this “recollection mirror effect” (McCabe et al.,
2009) and abundant neural evidence showing that recollection and
familiarity are mediated by distinct neural substrates that are
differentially impaired in aging, this research underscores the need
to examine the cognitive and neural basis of age-related increases
in false recollection separate from that of false familiarity.

Atlhough examined in behavioral studies, no neuroimaging
study has examined the neural correlates of false recollection
separate from that of familiarity in older adults. Previous neuro-
imaging studies either did not use recollection and familiarity
judgments at retrieval (Dennis et al., 2008b; Yassa et al., 2011) or
had too few false recollection responses to analyze the data
1 We do not imply that the fuzzy trace theory equates gist to familiarity but
suggest that the 2 share similar theoretical constructs, and familiarity is more likely
to contribute to gist than is recollection (Yonelinas, 2002).
(Duarte et al., 2010). Despite these limitations, the previous studies
have concluded that age-related reductions in item specific pro-
cessing in the hippocampus (Dennis et al., 2008b; Duarte et al.,
2010; Yassa et al., 2011), combined with gist processing (Dennis
et al., 2008b) and reduced differentiation between processing of
targets and lures (Duarte et al., 2010; Yassa et al., 2011), contribute
to false memories in older adults. However, given that the focus of
these studies was not on recollection-related processing, it is
difficult to extend these findings to the phenomenon of false
recollection.

A recent study from our lab did examine the neural basis for
false recollection separate from that of (false) familiarity (Dennis
et al., 2012). Results showed that, in young adults, false recollec-
tion arose from erroneous reconstruction processes (Dennis et al.,
2012). Specifically, both true and false recollection were found to
be associated with a largely overlapping retrieval network
including activity in bilateral anterior parahippocampal gyrus
(PHG), fusiform gyrus, anterior cingulate cortex (ACC), and right
superior parietal cortex. We concluded that this activation pattern
was consistent with the theory that young adults use the retrieval
of details extracted from encoding and engage in memory recon-
struction to support both true and false memories. Furthermore,
we concluded that although true recollection is based on recon-
structing true details from the encoding episode, false recollection
represents a faulty form of this reconstruction, also known as
content borrowing, whereby recollection of true details are erro-
neously associated with related lures (Lampinen et al., 2005). This
theory accounts not only for activation in recollection-related re-
gions involved in evaluation and monitoring of difficult decisions
(i.e., ACC) and confidence judgments (i.e., parietal cortex) but also
for the presence of PHG and hippocampus activation (regions
involved in the retrieval and reconstruction of episodic details)
during false recollection.

However, given observed age deficits in recollection and gen-
eral reliance on familiarity in aging, we question whether older
adults rely on content borrowing and reconstruction during false
recollection, especially given that they have difficulty using
retrieval of details in support of true recollection. An alternative
possibility is that older adults retrieve the gist trace they encoded
during study and use this general detail to support recollection of
related lures. For example, if studying a group of farm animals or a
set of dogs, older adults might recall the semantic label or general
gist of the items presented at encoding when viewing new, related
items. If this gist trace is strong enough (and is unopposed by a
verbatim trace), then it may be enough of an encoding “detail” to
support false recollection. In accord with this idea, recent evidence
has shown that, whereas an “old” item presented at retrieval
serves as a retrieval cue for verbatim traces, a related lure serves as
a cue for retrieval of the gist trace (Guerin et al., 2012). Although
this gist is generally theorized to support familiarity-based
retrieval, the fuzzy trace theory provides an explanation for how
it may be used to support false recollection. Specifically, the theory
posits that false recollection is based on a strong sense of famil-
iarity, so much so that people misidentify the strong sense of
familiarity for recollection (Brainerd et al., 2001). Thus, although
participants may report a subjective experience of recollection, the
foundation for this response may be based on familiarity elicited
by the gist trace and not actual verbatim details.

In addition to considering the distinction between recollection
and familiarity with regard to age-related increases in false
memories, aging research also highlights the importance of
considering person-to-person variability in both cognitive perfor-
mance and neural activation. A wealth of behavioral research has
found aging to be associated with significant increases in inter-
individual variability in cognitive performance (e.g., Christensen



Table 1
Demographics and behavioral results

YA (n ¼ 17) OA (n ¼ 22)

M (SD) M (SD)

Agea 21.28 (1.79) 74.18 (5.20)
Education (y)a 14.47 (1.37) 18.27 (2.71)
Cognitive assessment tasks
MMSE 29.65 (0.61) 29.59 (0.80)
WAIS-III
Symbol Search 13.71 (3.08) 14.24 (2.99)
Digit Symbol Encoding 12.00 (2.68) 13.41 (3.34)
Symbol Copya 126.50 (13.02) 108.76 (19.24)
Digit Span 11.94 (3.05) 12.59 (2.74)
Arithmetic 11.53 (2.40) 12.76 (3.40)
Letter Number Sequencinga 11.12 (2.20) 12.65 (1.58)
Vocabulary 14.65 (3.02) 12.94 (2.46)

BDI 3.18 (2.74) 3.76 (3.56)
Memory taskdretrieval rates
Targets
True recollection 0.47 (0.10) 0.49 (0.19)
True familiarity 0.31 (0.11) 0.36 (0.18)
Misses 0.19 (0.10) 0.12 (0.10)

Related lures
False recollectiona 0.19 (0.11) 0.34 (0.15)
False familiarity 0.30 (0.14) 0.40 (0.18)
Correct rejections 0.49 (0.12) 0.23 (0.14)

Unrelated lures
False recollectiona 0.04 (0.05) 0.09 (0.08)
False familiarity 0.04 (0.03) 0.20 (0.15)
Correct rejectionsa 0.90 (0.12) 0.70 (0.23)

Key: BDI, Beck Depression Inventory; M, mean; MMSE, MiniMental State Exam; OA,
older adults; SD, standard deviation; YA, younger adults.

a Age differences: p < 0.05.
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et al., 1994; Hultsch et al., 2002; Lindenberger and Baltes, 1997;
Morse, 1993; Nelson and Dannefer, 1992), with the greatest vari-
ability present in memory tasks (Christensen et al., 1994, 1999;
Lindenberger and Baltes, 1997; Nelson and Dannefer, 1992).
Important to neuroimaging research, cognitive variability in aging
has been shown to mediate neural activity. For example, memory
studies find different patterns of neural activation in older adults
depending upon whether older adults are identified as “high” or
“low” performers, with respect to memory performance (e.g.,
Cabeza et al., 2002; Daselaar et al., 2003b; Duarte et al., 2006;
Fabiani et al., 1998; Rosen et al., 2002) and find cognitive perfor-
mance to correlate with measures of compensatory neural activity
in older adults (e.g., Davis et al., 2008; Gazzaley et al., 2005; Grady
et al., 2005). Typically, this compensatory activity in high
performers is found in the form of increased prefrontal cortex
activity compared with low performers and younger adults. Thus,
given age-related variability in memory performance and its im-
plications for neural recruitment, the examination of individual
differences in neural activity with respect to behavioral indices of
true and false recollection may be critical to elucidating cognitive
processes underlying age-related differences in memory perfor-
mance. Specifically, to the extent that frontal cortex operates in a
compensatory manner, we predict behavioral performance in
older adults will be positively associated with increases in frontal
activation. Additionally, to the extent that increased false recol-
lection in aging relies on gist processing, we would expect in-
creases in false recollection to be associated with increased neural
recruitment of regions that mediate both gist and familiarity
processing, including middle and superior temporal gyrus (Simons
et al., 2005b; Wise and Price, 2006) and frontoparietal regions
(Cansino et al., 2002; Yonelinas et al., 2005).

The current study sought to investigate the cognitive and
neural processes underlying false recollection in aging as well as
the effects of interindividual differences on neural activity in aging
by using fMRI in conjunction with the Remember/Know/New
paradigm. Whereas our previous results indicate that both true
and false recollection rely on reconstruction processes in younger
adults, we hypothesize that this will not be the case for older
adults. Rather, in accord with the fuzzy trace theory, we predict
that false recollection in aging will be supported by gist retrieval
and a strong feeling of familiarity. Thus, we predict that common
processes across true and false recollection in older adults will
include those associated with general decision making (e.g., ACC)
and gist processing (e.g., late visual cortex and lateral temporal
cortices) and will not include reconstruction processing associated
with the hippocampus. With regard to age differences in true
recollection, we predict that older adults will exhibit age-related
decreases in regions supporting true recollection and perceptual
processing (e.g., medial temporal lobe [MTL], left prefrontal cortex
[PFC[, and early visual cortex) as well as compensatory activity in
frontal cortices (e.g., Cabeza et al., 2004; Davis et al., 2008; Grady
et al., 2002). We further predict that age-related increases in false
recollection will be supported by familiarity and gist processing
(e.g., lateral temporal cortex and occipitoparietal cortex). With
regard to interindividual differences, we propose that
compensatory-related PFC activity will be modulated by increased
rates of true recollection, whereas gist-related activity will be
modulated by behavioral indices of false recollection.

2. Methods

2.1. Participants

Twenty younger adults and 23 healthy older adults participated
in the current study. Two younger participants were excluded
from the analysis due to head motion >4 mm, 1 additional
younger participant was also excluded for performing below
chance, and 1 older adult was excluded for insufficient recollection
responses, leaving data from 17 younger adults (11 women; mean
age ¼ 21.28 years; SD ¼ 1.79) and 22 older adults [11 women;
mean age ¼ 74.18 years; SD ¼ (5.20)] reported in all analyses. The
younger adults were recruited from the Penn State University
community and older adults from Centre County, Pennsylvania. All
participants were right-handed, native English speakers and were
screened for history of neurologic disorders and psychiatric illness,
alcoholism, drug abuse, and learning disabilities. In addition,
participants completed a battery of cognitive measures including
the Mini-Mental State Exam (Folstein et al., 1975); subtests from
the Wechsler Adult Intelligence Scale including Symbol Search,
Digit Symbol Encoding, Symbol Copy, Digit Span, Arithmetic, Letter
Number Sequence, and Vocabulary tasks (Wechsler, 1997); and the
Beck Depression Inventory (Beck and Steer, 1993). Tests were
conducted to screen for dementia and depression in the older
cohort. All individuals performed well within the normal range for
their age, verifying that they were cognitive healthy (see Table 1
for participant demographics). All participants provided written
informed consent and received financial compensation for their
participation. All experimental procedures were approved by Penn
State University’s Institutional Review Board for the ethical treat-
ment of human participants.

2.2. Stimuli

Stimuli consisted of 1092 color pictures of common objects.
Images were obtained from an Internet image search. All back-
grounds were removed, and pictures were cropped and resized to
an approximate size of 480 � 480 pixels (Fig. 1). Images were
presented focally and equated for resolution. Seven hundred
twenty images were presented during encoding, including 90



Fig. 1. Stimuli presentation. During encoding, participants incidentally encoded 8 separate items from a given category (e.g., cats) and were asked to make pleasantness ratings for
each item. At retrieval, participants were told to identify which items were presented at encoding using the Remember (Rem)/Know/New paradigm. Retrieval images included
target items, related lures, and unrelated lures.
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categories of stimuli with 8 exemplars per category. Six hundred
and forty-two images were presented at retrieval including (1)
270 targets (3 of the 8 exemplars from each encoding category);
(2) 270 related lures (3 novel images associated with each
encoding category); and (3) 102 unrelated lures (including 3
novel images from each of 34 unrelated categories). More cate-
gorical items per category were presented at encoding than
retrieval to build up sufficient gist for a given category and to
produce sufficient rates of false recollection to examine neural
activity for the trial type in isolation. Thus, the paradigm was
consistent with criteria outlined by Brainerd et al. (2001) as
typical of situations that produce high rates of phantom recol-
lection. Items selected as targets were counterbalanced between
participants.
2.3. Procedure

Encoding and retrieval both took place in the scanner with
approximately 24 hours separating the 2 memory phases. (Only
retrieval data are presented in the current analyses.) Images were
displayed by COGENT in MATLAB (MathWorks) and projected onto
a screen that participants viewed through a mirror attached to the
head coil. Behavioral responses were recorded using a 4-button
response box. Scanner noise was reduced with headphones and
earplugs, and cushioning was used in the head coil to minimize
head motion.

Encoding was incidental, and participants were instructed to
make subjective pleasantness ratings of objects as they were pre-
sented. Encoding images were presented for 1 second, and partic-
ipants were given 2 seconds to make their pleasantness rating,
followed by a variable interstimulus interval. During half of the
encoding runs, images from a given category were presented in a
blocked design, and in the other half of the runs, categorical images
from a given category were intermixed. The blocked-intermix
manipulation was presented every other run and counterbalanced
between participants. There were no behavioral or neural differ-
ences between trial types of interest based on this manipulation;
thus, analyses were collapsed with regard to this encoding variable.

During retrieval, participants completed 6 runs of approxi-
mately 8 minutes in length each. All stimulus categories were
presented in an intermixed fashion. Each image was displayed for
2.5 seconds while participants made memory responses using the
“Remember/Know/New” paradigm (see Fig. 1). In accord with
typical task instructions, participants were told to respond
“Remember” if they could recollect specific details about the object
such as its shape, color, or their thoughts or feelings during its
initial presentation. Participants were told to respond “Know” if
the picture looked familiar, but they could not recollect any
specific details of its previous presentation. They were told to
respond “New” if they believed the picture was not presented
during the encoding session. The images were pseudorandomly
sorted, ensuring that no more than 3 images from any 1 category
appeared in a row.
2.4. Image acquisition

Imageswere acquired using a Seimens 3T scanner equippedwith
a12-channel head coil. AT1-weighted sagittal localizerwas acquired
to locate the anterior and posterior commissures. Images were then
prescribed parallel to the anterior commissure-posterior commis-
sure plane. An MPRAGE was acquired with a 2300-millisecond
repetition time, 3.41-millisecond echo time, 230-mm field of view,
2562 matrix, 160 axial slices, and 0.9-mm slice thickness for each
participant. Echoplanar functional images were acquired using an
interleaved acquisition, 2000-millisecond repetition time, 30-
millisecond echo time, 240-mm field of view, a 642 matrix, 34 axial
slices with 3.8 mm slice thickness resulting in 3.8 mm isotropic
voxels.



N.A. Dennis et al. / Neurobiology of Aging 35 (2014) 395e407 399
2.5. Image processing

Functional data were preprocessed and analyzed with SPM8
(Statistical Parametric Mapping; Wellcome Department of Cogni-
tive Neurology, http://www.fil.ion.ucl.ac.uk/spm). Time-series data
were corrected for differences in slice acquisition times and real-
igned. Images were checked for movement artifacts using a time
series diagnostic function TSDiffAna (Freiburg Brain Imaging) in
MATLAB (MathWorks). Functional images were spatially normal-
ized to a standard stereotaxic space using the Montreal Neuro-
logical Institute templates implemented in SPM8. The coordinates
were later converted to Talairach space (Talairach and Tournoux,
1988). Finally, the volumes were spatially smoothed using an
8-mm isotropic Gaussian kernel.

2.6. fMRI analyses

In accord with previous analysis of the young data in this study
(Dennis et al., 2012), trial-related activity was modeled in the
General Linear Model with a stick function corresponding to trial
onsets convolvedwith a canonical hemodynamic response function
(hrf). To identify neural correlates associated with true recollection,
activity associated with “Remember” responses to target items was
compared with activity associated with “Know” responses to tar-
gets. A similar comparison was conducted for related lures to
examine false recollection. Each regessor in the analysis contained a
minimum of 15 trials, providing sufficient power for estimating the
corresponding hrf function for each participant. These contrasts
allowed us to control for identification of an item as “old” while
simultaneously isolating recollection-related activity.

Statistical parametric maps were identified for each participant
by applying linear contrasts to the beta weights for the events of
interest. Regressors associated with recollection and familiarity of
targets and related lures were used in defining contrasts of interest
(see below). Regressors for unrelated lures and “no response” trials,
as well as those for motion parameters were also included in the
model and treated as regressors of no interest. All individual sta-
tistical parametric maps were subjected to a random effects anal-
ysis for group analysis.

To obtain results that were corrected for multiple comparisons
we usedMonte Carlo simulations (https://www2.bc.edu/wslotnics/
scripts.htm) to define individual voxel and cluster extent thresholds
(e.g., Forman et al., 1995; Garoff-Eaton et al., 2007; Slotnick and
Schacter, 2004, 2006; Slotnick et al., 2003). Given our acquisition
matrix of 64� 64, 34 slices, 3.8-mm isotropic voxels, smoothness of
16.1 mm, and no reslicing of voxels, the Monte Carlo correction
(>10,000 iterations) identified an individual voxel threshold of p <

0.01 and 18 resampled voxels (988 mm3) as necessary to obtain
results corrected for multiple comparisons at p < 0.05. In addition,
we used the anatomic labeling atlas PickAtlas (Maldjian et al., 2003;
Tzourio-Mazoyer et al., 2002) to restrict all analyses to cortical and
subcortical regions.

To assess common recollection activity or similarities in neural
processing between true and false recollection in older adults, a
conjunction analysis was performed across both contrasts, using
the implicit masking procedure in SPM8. Age differences analyses
were conducted separately for both true and false recollection. For
assessing age effects, we used a region-of-interest approach. As a
first step, both true and false recollection was assessed within each
age group at the aforementioned corrected threshold of p < 0.05.
The results were then used as an inclusive mask for assessing age
differences at p < 0.05 uncorrected. By employing a corrected
threshold for the individual group data and using it as an inclusive
mask for between group contrasts, we were able to focus our age
difference analyses only within regions that were of primary
significance to either the young or older adults. This procedure also
ensures that age differences were driven by increases in activation
in the primary group of interest (e.g., young adults in a young > old
comparison) rather than deactivations in the subsequent group
(e.g., older adults). Additionally, we are able to conclude that
regions identified with this analysis approach were both signifi-
cantly activated in 1 group and, through a focal analysis on that
region, that the region exhibited a significant group difference (see
also Dennis et al., 2007a, 2007b, 2008b; Dew et al., 2012).

Finally, individual difference analyses were conducted to
determine regions associated with variability in older adults’
behavioral performance in true and false recollection. Using the
multiple regression function at the group level, we regressed the
contrast of false recollection > false familiarity on false recollec-
tion rates to identify regions in which behavioral performance
predicted the magnitude of activation for false recollection. A
similar analysis was conducted for true recollection to identify
regions in which behavioral performance predicted the magnitude
of activation for true recollection.

3. Results

3.1. Behavioral

Table 1 reports means and standard deviations of recollection
and familiarity rates for targets, related lures, and unrelated lures
separated by age group.

To examine age differences in true and false recollection to
related items, we conducted an age (young/old) � accuracy (true/
false) analysis of variance (ANOVA) on related recollection rates.
Results showed a significant main effect of accuracy [F(1,37) ¼
136.21, p < 0.001], a marginal effect of age [F(1,37) ¼ 3.94, p ¼
0.06] , and a significant age � accuracy interaction [F(1,37) ¼ 14.56,
p < 0.001]. Thus, although older adults exhibited marginally
higher recollection rates [0.42 (0.03)] compared with young adults
[0.33 (0.03)] and both age groups showed significantly higher rates
of true [0.48 (0.03)] compared with false [0.27 (0.02)] recollection,
results showed that aging affected false recollection to a larger
extent than true recollection. In fact, follow up t tests revealed only
a significant age difference for related false recollection [t(37) ¼
3.70, p < 0.01], in which older adults exhibited a higher rate of
false recollection [0.34 (0.15)] compared with young [0.19 (0.11)].

To examine age differences in false recollection, we conducted
an age (young/old) � relatedness (related/unrelated) ANOVA on
false recollection rates. Results showed a significant main effect of
age [F(1,37) ¼ 15.22, p < 0.001] and relatedness [F(1,37) ¼ 105.79,
p < 0.001], as well as a significant age � relatedness interaction
[F(1,37) ¼ 6.37, p ¼ 0.016]. Thus, while older adults exhibited
significantly higher false recollection rates [0.22 (0.02)] compared
with young adults [0.11 (0.02)] and both age groups showed
significantly higher rates of related [0.27 (0.02)] compared with
unrelated [0.07 (0.01)] false recollection, results showed that aging
affected false recollection to related lures to a larger extent than
unrelated. Specifically, although follow up t tests exhibited signifi-
cant age differences for related false recollection [t(37) ¼ 3.70, p <

0.01] as well as unrelated false recollection [t(37) ¼ 2.57, p < 0.05],
the difference was numerically and proportionately greater for
related [old: 0.34 (0.15); young: 0.19 (0.11) than unrelated [old: 0.09
(0.08); young 0.04 (0.05)] false recollection.

As suggested by an anonymous reviewer, we also tested
whether false recollection rates were greater in the second half of
testing than the first by conducting an age � block (1e4 vs. 5e8)
ANOVA on false recollection rates. Results showed a significant
effect of block [F(1,37) ¼ 24.4, p < 0.001], yet inspection of the
means revealed early blocks had higher false recollection rates

http://www.fil.ion.ucl.ac.uk/spm
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Table 3
Age differences in true and false recollection

BA H Coordinatesa

(T&T)
t mm3

X Y Z

True recollection, young > old
Orbitofrontal cortex 10 M �4 60 10 2.72 1536
Ventromedial PFC 11 M 0 33 �21 2.90 5816
Inferior temporal gyrus 20 L �37 �11 �28 2.94 1591
Fusiform 19/37 R 37 �50 �8 2.46 1152
Superior/middle occipital gyrus 19 L �30 �80 38 2.68 2689

19 R 37 �81 34 2.96 3786
Occipital cortex 17/18/19 L �15 �68 3 2.42 6639

True recollection, old > young
Superior frontal gyrus 8 R 15 32 36 4.38 1372

8/9 L �19 43 39 2.26 1591
Cingulate gyrus 31 L �11 7 37 3.05 1152
Cingulate gyrus/superior
frontal gyrus

31/6 R 15 1 55 4.01 5103

Putamen d R 30 9 2 3.13 1701
d L �26 �16 7 3.02 4335

Thalamus d L �19 �23 14 3.82 4445
Posterior cingulate 23 M �7 �37 25 2.29 1152
Cerebellum d M 7 �68 �10 2.75 6969

d L e15 �47 �17 2.40 1043
False recollection, young > old
Ventral ACC 24 M 0 42 1 2.56 1975
Inferior frontal gyrus 44/9 R 52 17 23 2.55 988

8 L �45 10 23 3.23 988
Precentral gyrus 4 R 37 �24 66 3.21 12346
Temporal pole 20/21 R 45 7 �29 3.57 2195

38 L �30 7 �36 3.33 2689
Parahippocampal gyrus 35/34 R 26 �25 �21 3.43 1646

35 R 22 �32 �9 3.42 2195
35/36 L �26 �35 �8 3.3 1921

Retrosplenial cortex 30 R 22 �49 12 2.56 988
Precuneus 7 R 15 �53 71 2.6 1482
Occipitoparietal/occipital cortex 39/40/19 R 59 �56 23 3.49 5268
Occipitoparietal 19/7 L �30 �70 34 2.68 1262

False recollection, old > young
No significant areas
of activation

Key: ACC, anterior cingulate cortex; BA, Brodmann’s area; H, hemisphere; L, left;
PFC, prefrontal cortex; R, right.

a Coordinates from Talairach and Tournoux (1988).

Table 4
Neural activity predicted by rate of true and false recollection in older adults

BA H Coordinatesa t mm3

X Y Z
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than later blocks (earlyM ¼ 32.9, SD ¼ 22.2; lateM ¼ 21.3, SD ¼
19.2). No main effect of age and no interaction were found, sug-
gesting that false recollection declined from the first half to the
second half of testing similarly across age groups. Thus, results
counter any concerns that false recollection rates in older adults
were induced through testing manipulations such as the repetition
of lures at retrieval or the number of targets preceding presenta-
tion of a lure (Dewhurst et al., 2011; Jennings and Jacoby, 1997).

3.2. Imaging

3.2.1. Common recollection in older adults
A conjunction analysis (in older adults) of true and false

recollection exhibited common neural activity in the ACC., left
postcentral gyrus, right fusiform gyrus, left inferior temporal gy-
rus, and left lingual gyrus (see Table 2). (For a similar analysis in
young adults, please see Dennis et al., 2012).

3.2.2. Age related differences in true and false recollection
With regard to true recollection, younger compared with older

adults exhibited increased activity in several regions including
ventromedial PFC., orbitofrontal gyrus, right fusiform gyrus, bilat-
eral superior occipital gyrus, and left occipital cortex. Older adults
exhibited increased activity in dorsal ACC., bilateral superior frontal
gyrus, bilateral cingulate gyrus, bilateral putamen, and posterior
cingulate (see Table 3 for complete results).

With regard to false recollection, younger compared with older
adults exhibited increased activity in a large network of brain re-
gions including ventral ACC., bilateral inferior frontal gyrus, bilat-
eral anterior PHG, right precuneus, and bilateral occipital parietal
cortex (see Table 3 for complete results). No region showed
increased activity for older compared with younger adults for false
recollection.

3.2.3. Regression
In older adults rates of true recollection predicted increased

neural activity in the right superior frontal gyrus, right inferior
parietal, right insula, and left superior parietal cortex. Increased
false recollection predicted increased activity in the right middle
frontal gyrus, right insula, bilateral superior/middle temporal gy-
rus, precuneus, and right occipitoparietal cortex (see Table 4).

4. Discussion

The current study investigated the neural basis underlying age-
related increases in false recollection. Although previous research
has found a large degree of overlap in the neural correlates
mediating true and false memory retrieval, including activation in
the MTL (e.g., Cabeza et al., 2001; Dennis et al., 2012; Garoff-Eaton
et al., 2006; Kahn et al., 2004; Schacter et al., 1997a, 1996; Stark
et al., 2010), current results found that older adults exhibited
Table 2
Common recollection in older adults (true recollection X false recollection)

BA H Coordinatesa t mm3

x y z

ACC/medial frontal gyrus 32/10 L �7 53 4 6.23 5762
Postcentral gyrus 3 L �52 �14 52 4.03 1317
Inferior temporal gyrus 20 L �59 �14 e22 4.19 1317
Fusiform gyrus 37 R 52 �50 e8 4.18 3292
Early visual cortex 18 L �7 �86 e9 3.83 1975

Key: ACC, anterior cingulate cortex; BA, Brodmann’s area; H, hemisphere; L, left; R,
right.

a Coordinates from Talairach and Tournoux (1988).
overlap within a more limited network including only ACC., left
inferior temporal gyrus, and a small number of sensory processing
regions. Taken together, the results suggest that although true and
false memories are mediated by similar cognitive operations in
young adults, this may not be the case in older adults. Despite this
disparity with previous results in younger adults, age differences
True recollection
Superior frontal gyrus 10 R 26 56 3 3.48 1427
Inferior parietal 40 R 41 �30 22 4.97 1536
Insula e R 37 �12 21 4.33 988
Superior parietal cortex 39 L �45 �73 34 3.98 2359

False recollection
Superior frontal gyrus 10 R 30 52 �6 3.01 1427
Precentral gyrus 6 R 67 2 20 4.01 1372
Superior/Middle temporal gyrus 22/42 R 63 �24 4 3.40 1317

22/42 L �59 �31 8 4.24 3402
Insula d R 45 �9 17 5.24 5158
Precuneus 7 R 19 �80 45 3.38 1207
Occipitoparietal cortex 39 R 41 �52 23 3.72 1262

Key: L, left; R, right.
a Coordinates from Talairach and Tournoux (1988).
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in true recollection exhibited a pattern typically observed in the
literature (posterior-to-anterior shift in aging [PASA]; for a review
see Dennis and Cabeza, 2008), with younger adults exhibiting
increased activity in largely posterior brain regions, whereas older
adults exhibited increased activity in mainly frontal cortices. With
regard to false recollection, younger adults exhibited greater
activity in a widespread network including ventral ACC., bilateral
inferior frontal gyrus, PHG, and occipitoparietal cortex, whereas no
region exhibited increased activity in older adults. Finally,
exploring the role of individual differences in aging, regression
analyses in older adults found true recollection rates predicted
activity in frontal and parietal cortices, whereas false recollection
rates predicted activity in bilateral middle/superior temporal gy-
rus, right superior frontal gyrus, and right occipitoparietal cortex.
An interpretation of each finding follows.

4.1. Common recollection activity in older adults

Consistent with previous literature examining true and false
recognition (e.g., Cabeza et al., 2001; Dennis et al., 2012; Garoff-
Eaton et al., 2006; Kahn et al., 2004; Schacter et al., 1996, 1997a;
Stark et al., 2010), we identified several regions that exhibited
common activation for both true and false recollection in older
adults, including the ACC., postcentral gyrus, left inferior temporal
gyrus, right fusiform gyrus, and early visual cortex. The general
network resembles that exhibited by younger adults included in
the current age comparisons analyses (Dennis et al., 2012), but the
overall extent of this common activation is spatially reduced in the
older adult cohort (see Fig. 2). In addition, unlike young adults,
older adults did not exhibit any common recollection activity in
the MTL. This is simply a qualitative observation (because a
quantitative difference cannot be reached given the nature of the
conjunction analysis within groups), but the results led us to
conclude that although a single cognitive process (i.e., memory-
related reconstruction) may underlie both true and false
Fig. 2. Common activity for true and false recollection in older and younger adults. Areas com
postcentral gyrus, left inferior temporal cortex, right fusiform gyrus, and early visual cortex
recollection activity in young adults (B) was found in the anterior cingulate, right superior pa
see results reported in Dennis et al., 2012.
recollection in young adults (Dennis et al., 2012), the data in older
adults (in particular, the lack of common MTL activity) does not
warrant a similar conclusion.

Also as predicted, older adults showed common recollection
activity in the ACC and late visual cortex, specifically the right
fusiform. Although we predicted the presence of ACC activity
based on its role in making effortful decisions (e.g., Fleck et al.,
2006; Yonelinas et al., 2005), it is also possible that this activity
reflects monitoring processes (e.g., Abel et al., 2009) or competi-
tion/conflict processing (e.g., Botvinick et al., 2001). All processes
are associated with the difficult decision of deciding whether a
related item has been previously studied and negotiating retrieved
details. With respect to common recollection activity in the right
fusiform, this region is part of the late visual processing stream
previously shown to exhibit common activity for true and false
memories in young adults (Dennis et al., 2012; Garoff-Eaton et al.,
2006; Slotnick and Schacter, 2004, 2006). In addition, the right
fusiform has also been shown to be sensitive to object repetitions
(Buckner et al., 2000), semantic representations of objects and
object identity (Martin, 2001; Martin et al., 1996), and general
semantic processing (Antonucci et al., 2008; Binder et al., 2009;
Mummery et al., 2000). Common recollection-related activity in
this region supports our hypothesis that older adults rely on se-
mantic processing and gist acquired at encoding for support of
both true and false recollection (e.g., Brainerd and Reyna, 2002;
Dennis et al., 2008b; Gutchess and Schacter, 2012; Koutstaal
et al., 1999; Tun et al., 1998).

One finding we did not predict was that of common recollec-
tion activity in early visual cortex. Previous research in young
adults has found activity in this region to differentiate between
true and false memories, showing activity only for true memories
(whereas late visual cortex was shown to be equally active across
both types of retrieval) (Dennis et al., 2012; Slotnick and Schacter,
2004; Stark et al., 2010). The sensory reactivation hypothesis posits
that this differentiation reflects reactivation of sensory details
mon to true and false recollection in older adults (A) include the anterior cingulate, left
. See Table 2 for a complete list of regions and coordinates of peak activation. Common
rietal cortex, and bilateral parahippocampal gyrus. For a complete list of regions please



Fig. 3. Age-related differences in (A) true and (B) false recollection. Activity in blue represents regions in which young adults showed greater activity compared with older adults.
Activity in red represents regions in which older adults showed greater activity compared to young adults. See Table 3 for complete list of regions and coordinates of peak activation.
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associated with the encoding episode, details that are only avail-
able and retrieved for truly old items (Cabeza et al., 2001; Dennis
et al., 2012; Garoff et al., 2005; for similar results in auditory
cortex, see Schacter et al., 1996; Slotnick and Schacter, 2004;
Wheeler and Buckner, 2003; Wheeler et al., 2000). We predicted
reduced activity in visual cortex for older adults based on previous
studies (for a review, see Dennis and Cabeza, 2008), but finding
early visual activity associated with false recollection was unex-
pected. On the basis of previous literature, we offer 2 explanations.
In accord with the sensory reactivation hypothesis, early visual
cortex activity for false recollection may reflect the visualization
and retrieval of sensory details from an encoded item that is
evoked in association with the presentation of the perceptually
similar related lure. Alternatively, this common activity may reflect
dedifferentiation of the early visual cortex in older adults, indic-
ative of age-related decline in the sensory processing systems
(Baltes and Lindenberger, 1997; Cabeza et al., 2004; Grady et al.,
1994; Lindenberger and Baltes, 1994; Norman and Schacter,
1997). Dedifferentiation in sensory processing domains has been
well documented in aging (Carp et al., 2011a, 2011b; Chen et al.,
2002; Park et al., 2004, 2012; Reuter-Lorenz et al., 2000; Voss
et al., 2008), with studies showing that older adults show atten-
uation in the selectivity of cortical areas (e.g., fusiform gyrus and
parahippocampal gyrus) dedicated to the processing of faces,
places, and other object categories. Thus, it follows that the early
visual processing regions that support automatic differentiation
between old and new items in young adults could be another
sensory processing region that is compromised in aging, with this
dedifferentiation, in turn, leading to increased false memories to
related lures. More research will be needed to differentiate be-
tween these proposed explanations.
Fig. 4. Individual differences in true and false recollection within older adults. (A)
Higher behavioral rates of true recollection in older adults predicted activity in regions
including right superior frontal gyrus and left superior parietal cortex. (B) Higher
behavioral rates of false recollection predicted activity in bilateral superior/middle
temporal gyrus. See Table 4 for coordinates of peak activation.
4.2. Age differences in true and false recollection activity

With regard to age differences in true recollection, results were
generally consistent with both our predictions and a large previous
literature that finds age-related deficits in posterior processing
regions combined with age-related increases in frontal cortices
(i.e., the often-observed PASA; for a review of studies, see Dennis
and Cabeza, 2008) (see Figure 3). Specifically, age-related deficits
in occipital cortices including left lingual gyrus (i.e., early visual
cortex), right fusiform gyrus, and bilateral superior occipital gyrus
support our prediction that older adults exhibit deficits in regions
associated with retrieval of item-specific details (Anderson et al.,
2000; Cabeza et al., 2004; Davis et al., 2008; Dennis et al.,
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2007a; Grady et al., 2002; Gutchess et al., 2005). Combined with
the aforementioned finding that older adults exhibit common
recollection-related activity in early visual cortex and right fusi-
form gyrus, the current finding supports the theory that older
adults experience difficulty utilizing perceptual details during
retrieval to support true memories (Koutstaal, 2003).

In conjunction with the foregoing age deficit in sensory pro-
cessing regions, older adults showed an expected increase in
prefrontal activity, including superior prefrontal cortex, and
bilateral superior frontal gyrus, supporting true recollection. This
PASA pattern has been proposed to reflect an age-related shift
from bottom-up perceptual processing to top-down control and
attentional guidance (Davis et al., 2008; Madden et al., 2007;
Velanova et al., 2007). Given that the current retrieval task re-
quires the need to closely evaluate and monitor memory with
respect to retrieval of highly similar objects, the task is made more
difficult in older adults when considering impaired perceptual
processing. Thus, the need for recruitment of additional top-down
attentional and monitoring processes is greater for old compared
with young adults. Moreover, the current results add to a growing
literature showing that older adults exhibit an increased reliance
on such PFC-mediated processes during successful episodic
retrieval, particularly in the face of reduced access to, and retrieval
of, item-specific details.

Although not common to studies of episodic memory (but see
Cabeza et al., 1997), the current study also observed age-related
increases in bilateral putamen associated with true recollection.
Striatal activity is typically associated with implicit learning
(Daselaar et al., 2003a; Knowlton, 2002; Knowlton et al., 1996) and
is often suppressed during explicit learning tasks (Poldrack et al.,
2001; Poldrack and Packard, 2003; Sherry and Schacter, 1987), yet
recent research has suggested that aging may attenuate this rela-
tionship. Specifically, research has found a lack of negative con-
nectivity between the 2 learning systems in aging and has shown
that the MTL mediates implicit learning in older adults (Dennis and
Cabeza, 2011; Rieckmann et al., 2010). The current results support
this dedifferentiation of learning systems, finding that older adults
also recruit the implicit learning system during an explicit memory
task and show a greater reliance on the striatum for true recollec-
tion compared to young adults. Alternatively, the observed increase
in striatal activity may represent an age-related shift in processing
strategy with respect to true recollection. Strategy shifts are not
uncommon in aging research (Geary and Wiley, 1991; Touron and
Hertzog, 2004); however, it is not clear what alternative process-
ing older adults are utilizing. Future research and replication is
necessary to obtain a better understanding of this result.

With regard to age differences in false recollection, results
indicated that younger adults exhibited greater activity in several
brain regions including ventral ACC., bilateral dorsolateral PFC.,
bilateral PHG, precuneus, and bilateral occipitoparietal cortices
compared with older adults. As noted previously, in younger
adults, we attributed activation across the foregoing network to
that of reconstruction processes underlying false recollection
(Dennis et al., 2012; Gutchess and Schacter, 2012). Age-related
deficits in activity across this network point toward an alterna-
tive explanation of false recollection in older adults. As noted in
the Introduction, we proposed that older adults would exhibit
both a deficit in retrieval of true details as well as a greater reli-
ance on gist processing leading to increased false memories.
Although age-related deficits in item-specific processes were
observed, no region exhibited an age-related increase in false
recollection activation. Given the observed age-related increases in
the rate of false recollection, this was an unexpected finding. We
had predicted that increased reliance on gist would be associated
with increased activity in the middle and superior temporal gyri,
regions associated with the processing of semantic information
and gist associated with categorical themes (Dennis et al., 2008b,
2007b; Simons et al., 2005a; Wise and Price, 2006). On the basis
of the neural differences observed in the age contrast regarding
true recollection and the correspondence of these activation maps
with that of previous literature (e.g., PASA; see Dennis and Cabeza,
2008, for a review), it is clear that there is sufficient power in the
design and difference in the signal-to-noise ratio to detect reliable
age differences. The true recollection results also underscore the
validity of the current paradigm in showing that the cohort of
older and younger adults tested in the current paradigm exhibit
age differences in true memories that are consistent with previous
research. Thus, the lack of age-related increased observed for false
recollection may simply speak to the nature of the neural mech-
anism supporting false recollection in older compared with
younger adults. Furthermore, although the lack of age differences
in these regions does not negate the presence of gist processing in
older adults, it does suggest that, overall, the reliance on gist
processing in aging does not exceed that observed in younger
adults (Duarte et al., 2010).

4.3. Individual differences in aging

Although the lack of age-related increases in neural activity
associated with false recollection was unpredicted, it may not be
surprising given increased variability associated with behavioral
responses in aging (e.g., Christensen et al., 1994; Lindenberger and
Baltes, 1997; Morse, 1993; Nelson and Dannefer, 1992). Moreover,
recent evidence suggests that this behavioral variability is directly
related to variability in neural substrates and is a key mediator in
identifying task-related neural activity in older adults (e.g., Cabeza
et al., 2002; Daselaar et al., 2003b; Duarte et al., 2006; Fabiani
et al., 1998; Rosen et al., 2002). Thus, looking for group differ-
ences in average neural activity may not always prove to be the
best strategy for determining the cause of age-related differences
in cognitive performance. In order to overcome this limitation, the
current study went beyond the typical analysis by using an indi-
vidual differences approach when assessing the relationship be-
tween behavioral and neural activity in older adults, thereby
taking into consideration age-related increases in between-subject
variability in behavior when assessing task-related effects of
neural activity.

With regard to true recollection, results indicate that individual
differences in behavior in aging are associated with increased
neural activity in right superior frontal gyrus and bilateral parietal
cortex (see Figure 4). This activity is consistent with our pre-
dictions that older adults recruit top-down control to support
memory processes in the absence of strong support from sensory
regions (Davis et al., 2008; Grady et al., 1994). Additionally, the
correlation between neural processing in both the prefrontal and
superior parietal cortex and true recollection rates supports the
theory that activity in these regions is recruited in a compensatory
manner, leading to enhanced true recollection (Cabeza and Dennis,
in press; Cabeza et al., 2002). However, the results of the regres-
sion analysis on false recollection tempers the assertion that
increased top-down control is purely beneficial because higher
rates of false recollection also predicted greater activity in a nearby
(yet not overlapping) region of right middle frontal gyrus as well
as right precuneus. Taken together, the present results suggest that
superior prefrontal and parietal cortices are critical for recollection
yet do not support true recollection specifically. Finally, it should
be noted that the regions identified in the regression analysis did
not spatially overlap with those identified in the age difference
analyses. This suggests that although certain PFC and parietal re-
gions show increased recruitment in aging to support general task
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demands, those regions identified in the regression support more
specific increments in behavior. As such, the results underscore the
value of taking into account individual differences in aging.

Engagement of top-down control processes supporting recol-
lection is a common finding with regard to true recollection in
older adults (Daselaar et al., 2006; Duarte et al., 2008, 2010), but it
is also supported by recent false recollection results in young
adults. That is, when examining hippocampal connectivity asso-
ciated with both true and false recollection, we recently showed
that while true recollection was supported by greater hippocampal
connectivity to ventral regions such as occipital cortex, anterior
PHG, and orbitofrontal cortex, false recollection was supported by
greater hippocampal connectivity with superior PFC and parietal
cortices (i.e., regions associated with top-down control processes)
(Dennis et al., 2012). Thus, the current results support a growing
literature with regard to both age-related neural recruitment
regarding true recollection and to false recollection as a controlled
cognitive process.

In addition, the current results show that increased activity in
left inferior temporal gyrus and bilateral superior and middle
temporal gyri was predicted by higher rates of false recollection in
older adults (see Figure 4). As mentioned previously, activity in
inferior temporal gyrus is associated with semantic processing and
the retrieval of semantic labels (i.e., object identity), whereas ac-
tivity in superior and middle temporal gyrus is associated with
semantic gist processing (Simons et al., 2005b; Wise and Price,
2006) and has been shown to support false memories in aging
(Dennis et al., 2007b, 2008b; Duarte et al., 2010). Unlike previous
studies, which found increased activity in this region for
familiarity-based false memories and high-confidence false
memories, the current results found this increase to be associated
with increases in the rate of false recollection in older adults.
Associating semantic gist processing with recollection seems
counterintuitive, especially given previous research suggesting
that gist most likely contributes to familiarity (and not recollec-
tion) processing (Yonelinas, 2002). As such, the current results
suggest that one of the factors supporting increased rate of false
recollection in aging is retrieval of the gist trace itself. That is, older
adults’ retrieval of the categorical label (e.g., cat, teddy bear) may
be a retrieval detail that supports their false recollection decision.
Results also fit within the context of the fuzzy trace theory, which
theorizes that false (phantom) recollection is mediated by a strong
sense of familiarity elicited by retrieval of the gist trace and the
mis-identification of that familiarity/gist retrieval as recollection
(Brainerd et al., 2001). The current results support this hypothesis,
with stronger gist traces leading to increased rates of false recol-
lection. As such, our results fit within a larger literature of false
memory and aging suggesting that older adults’ reliance on fa-
miliarity and gist traces form the basis of their age-related im-
pairments in false memories (Brainerd and Reyna, 2002; Dennis
et al., 2008a, 2008b; Koutstaal and Schacter, 1997; Tun et al., 1998).

The fact that the lateral temporal cortices did not exhibit a
significant effect of aging yet did exhibit a significant correlation
with false recollection scores is not surprising. As noted, the 2
analyses test fundamentally different hypotheses. Although we
expected to find age-related increases in lateral temporal cortices
associated with false memories, this hypothesis was based on the
theory that high rates of false memories, as typically observed in
aging, are based on gist processes. Older adults did show an overall
increase in false recollection compared with young adults, but the
regression analysis provided a stronger test for this original theory.
We further investigated whether this relationship was specific to
aging or if it supported false recollection in young adults as well.
To do so, we performed two separate analyses. First, we conducted
a similar false recollection regression analysis in young adults and
performed a conjunction between age groups. We also extracted
the neural activity for each young adult from the peak voxels from
the three lateral temporal regions (i.e., left inferior temporal gyrus
and bilateral superior and middle temporal gyri) identified in the
older adult regression and correlated the activity with false
recollection rates. Although no region exhibited overlap in the
conjunction, the young adults did exhibit a significant relationship
between neural activity and false recollect rates in all three re-
gions. Because it is not possible for us to directly compare this
value with that of older adults (due to biased statistical reporting;
Vul et al., 2009) we cannot comment on whether this relationship
is greater in older compared with younger adults. However, evi-
dence does suggest that activity in bilateral middle/superior
temporal gyrus may support increasing rates of false recollection
not only in aging but throughout the life span.

4.4. Limitations and future directions

As noted, we identified several findings that ran contrary to our
predictions, such as the presence of early visual cortex activity
associated with both true and false recollection and the lack of
age-related increases in false recollection. Given that the current
study is one of only a small number of studies investigating false
memory and aging and the first to focus its analysis on false
recollection, we recognize the need for more research both to
replicate the current results and to provide a stronger basis for the
interpretation of the unexpected findings. Specifically, with
respect to the unexpected finding regarding the lack of age-related
increases associated with false recollection, we feel that a repli-
cation is needed not only within the realm of perceptual false
memory but across other false memory paradigms as well (e.g.,
Deese/Roediger-McDermott paradigm, semantic relatedness).
Future research in this domain may also look to verify what
retrieved details led to the false recollection in an attempt to
further elucidate the cognitive process(es) mediating this behavior.
With respect to the role of gist and strong familiarity in supporting
false recollection, future research is also needed to examine
exactly how this mechanism operates. We suggest that there is no
single type of gist but that gist can be semantic or perceptual or
even conceptual (Koutstaal et al., 2003; Schacter et al., 1997c;
Slotnick and Schacter, 2004). Investigation of the distinction be-
tween each and the role of each in supporting false memories will
also be essential in fully understanding the mechanisms mediating
false recollection. With respect to the lack of counterbalancing
between categories and images used for unrelated and related
lures/targets, we note that future studies should include such a
counterbalance to fully rule out the potential effects of stimulus
differences within the age � relatedness interaction. Finally, we
note that the current conclusions do not preclude the possibility of
other mechanisms, such as perceptual gist or general familiarity
processing also supporting false recollection in aging. Additional
research using both similar and distinct paradigms will be able to
fully elucidate the cognitive processes underlying this behavior.

Conclusions

The current study aimed to elucidate the cognitive and neural
correlates mediating age-related increases in false recollection in
older adults. An initial assessment of recollection-related neural
activity common to both true and false recollection in older adults
supported the theory that older adults experience dedifferentia-
tion of early visual cortex during retrieval. This lack of dis-
tinguishing sensory signal in visual cortex may lead to increased
false memories by reducing the distinction between old and new
items. In addition, activity in left inferior temporal gyrus was
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found to mediate both true and false recollection, indicating a
reliance on retrieval of semantic processing for both accurate and
erroneous recollection. Although no region exhibited increased
activity in older adults associated with false recollection, an indi-
vidual difference analysis found that increased rates of false
recollection predicted activity in left inferior and bilateral middle/
superior temporal gyri. Activity in lateral temporal cortex has
previously been associated with semantic processing and shown
to support false memories associated with high confidence
recognition and familiarity (Dennis et al., 2008b; Duarte et al.,
2010), but the fuzzy trace theory posits that high levels of gist
and familiarity are sufficient to support false recollection because
strong gist can be mistaken for recollection. The current study is
the first to examine false recollection in older adults, finding that,
like more general false recognition, this process may be mediated
by gist processing.
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