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Abstract
Age-related increases in reliance on gist-basedgsses can cause increased false recognition.
Understanding the neural basis for this increaigshie elucidate a mechanism underlying this
vulnerability in memory. We assessed age differemegist-based false memory by increasing
image set size at encoding, thereby increasinggtieeof false alarms. False alarms during a
recognition test elicited increased hippocampalagtfor older adults as compared to younger
adults for the small set sizes, whereas the agggrbad similar hippocampal activation for
items associated with larger set sizes. Interdstiygunger adults had stronger connectivity
between the hippocampus and posterior temporadmegeilative to older adults during false
alarms for items associated with large versus ssedlsizes. With increased gist, younger adults
might rely more on additional processes (e.g., sgimassociations) during recognition than
older adults. Parametric modulation revealed tbanhger adults had increased anterior cingulate
activity versus older adults with decreasing set,gperhaps indicating difficulty utilizing
monitoring processes in error-prone situations.
Keywords: gist, false memory, aging, memory, fMRI, hippocaspu
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1. Age Differencesin Hippocampal Activation during Gist-based False Recognition

Prior research has shown that older adults hdfieudiy remembering previous events as
well as younger adults (Light, 1991). This agetedladifference is likely the result of deficits in
recollection for specific contextual details, whaesdamiliarity-based recognition remains intact
with age (e.g., Spencer & Raz, 1995; Yonelinas220Bxtant work suggests that encoding
engenders two types of memory traces: verbating@stdraces (Brainerd & Reyna, 1990).
Verbatim traces contain the distinctive detailawofevent, whereas gist traces retain the general
meaning of the event without specific perceptushitke(Brainerd & Reyna, 1990). False
memories typically occur when the gist trace isieged and no verbatim trace is accessible.
Consistent with this notion, age-related increasdéalse memories are most robust when old
and new information share common semantic or paweépharacteristics (Balota et al., 1999;
Kensinger & Schacter, 1999; Koutstaal & Schact®971 Norman & Schacter, 1997).

Although reliance on gist processing has been shiowary by task demands among
younger adults (Loftus, Feldman, & Dashiell, 19B5ediger & McDermott, 1995; Schacter,
1999, 2008), aging increases the use of gist,treguh poor memory in older adults when
recollection requires remembering specific det@isinerd & Reyna, 2002; Tun, Wingfield,
Rosen, & Blanchard, 1998). Identifying mechanismdeslying age differences in false
recognition that result from gist-based procesgrigmportant for understanding how to reduce
vulnerability to such errors, especially given dtdbward greater reliance on gist-based
memory processes with age (Koutstaal & Schact&71The present study employed
neuroimaging to elucidate a neural mechanism ferdifferences in false memory at retrieval

that results from gist-based processing.
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Extant neuroimaging research has revealed ageetiites in activation relative to
verbatim versus gist retrieval. Regions including hippocampus, early visual cortex, lateral
parietal cortex, occipitoparietal cortex, and rhic@tex are involved at retrieval, although their
roles depend on the processes required, namelljaetgan versus familiarity. At retrieval, these
regions associated with recollection (e.g., th@bgampus, early visual cortex, and lateral
parietal cortex) show age-related deficits in ation (Ally et al., 2008; Daselaar, Fleck,
Dobbins, Madden, & Cabeza, 2006; Duarte, HensoGy&am, 2008). However, regions
implicated in familiarity (e.g., rhinal cortex, apgoparietal cortex) show intact or often
enhanced functioning with age (Daselaar et al.620@nnis, Kim, & Cabeza, 2008; Duarte,
Graham, & Henson, 2010). This work evidences thdgraadults typically show significant
reductions in true recollection (Bastin & Van denden, 2003; Davidson & Glisky, 2002),
while familiarity processes remain preserved thimug the lifespan (Bastin & Van der Linden,
2003; Naveh-Benjamin, 2000).

In memory, hippocampal activation contributes toding details during encoding and
reconstructing them during retrieval (Yassa, MdtfStark, & Stark, 2011). In younger adults,
the hippocampus can be differentially activatecamthin-subject basis by varying the amount
of to-be-remembered information. For example, et af information at encoding (i.e.,
manipulating the number of object exemplars at dimgpto evoke more gist-based processing)
is positively associated with both false alarmsated increased hippocampal activity at
retrieval in younger adults (Gutchess & Schactét,2). Increased hippocampal activity for
larger set sizes suggests that features sharedst and lure items elicit similar reconstructive

processes that ultimately lead to false memories.
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Among older adults, the role of the hippocampugist processing at retrieval may be
responsible for eliciting errors in several waysst-older adults may have difficulty monitoring
retrieval attempts (e.g., Fandakova, Shing, & Limzerger, 2013a, 2013b). In this case, the
hippocampus may fail to access the correct infaonapossibly due to a failure in binding the
details together (Naveh-Benjamin, 2000). Heleereased hippocampal activity would reflect
deficient processing in which original encodingoimhation is not properly reactivated.
However,increased hippocampal engagement may lead to reactivatiturdaf this engagement
corresponds with the number of reactivated featurethis case, older adults may retrieve more
information by activating irrelevant features, miétely eliciting more incorrect bindings.

Second, hippocampal activation may also play airofalse recognition with regard to
gist processing through pattern separation. Agingrdshes the capacity to separate new
information from similar inputs that could causeenfierence (pattern separation), leading to an
increase in the retrieval of previous informatioonh a partial cue (pattern completion) (Yassa &
Stark, 2011). True recollection requires memataelse unique enough from other interfering
information, relying on pattern separation (Norm2®10). The more interference from
overlapping events that needs to be overcome, tre separation becomes critical for
recollection to occur (Yassa & Stark, 2011). Pviark in both rodents (e.g., Wilson, Gallagher,
Eichenbaum, & Tanila, 2006) and humans (e.g., S¥aksa, & Stark, 2010; Yassa, Muftuler, &
Stark, 2010) suggests that false memories elititexligh deficient pattern separation occurs
specifically in the dentate gyrus, and is couplétth wattern completion in older adults. In this
case, the hippocampus responds to the noveltyfainmation, withdecreased activation
suggesting impaired pattern separation abilitiasn@n, Ketz, Inati, & Davachi, 2012;

Fandakova et al., 2013a; Kumaran & Maguire, 2008)h regard to the present work, we
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hypothesized that decreased hippocampal activatoutd occur concomitantly with increased
false alarms, due to age-related differences iraltfigy to differentiate target from novel
stimuli. This may potentially result from deficits pattern separation ability.

In the present study, we analyzed younger and aldeits’ neural activity when
recognizing novel exemplars taken from small, mexjiar large set sizes of objects drawn from
the same category (e.g., bicycles). This manipatataried the level of gist associated with each
category. Younger adults employ reconstructive @sses as shown with increases in
hippocampal activation during gist-related falssognition (Gutchess & Schacter, 2012). Given
declines in hippocampal activation with age (Famdaket al., 2013a; Naveh-Benjamin, 2000),
we anticipated reduced hippocampal activity in ygemversus older adults, suggestive of a shift
toward gist-based processing, and induced througlise of large versus small set sizes.
However, although we expected hippocampal engagetmehange with age due to gist, this
could be reflected through several patterns ofaleaativity. Whether hippocampal activation
tracks the level of gist to a lesser degree foeolarsus younger adults, or does not respond to
manipulation of gist at all in older adults, is@wen question addressed through this work.

Due to age-related differences in the ability tibedentiate target from novel stimuli,
older adults may instead draw on other processkslfomemory performance. One possibility
is that given age-related deficits in pattern safi@n (Duncan et al., 2012; Fandakova et al.,
2013a; Kumaran & Maguire, 2006), older adults megruit regions implicated in semantic
processes during retrieval (Dennis, Hayes, e2@08; Dennis, Kim, & Cabeza, 2007). We
thereby predicted that older versus younger agudtdd activatemore lateral temporal regions
associated with semantic processing for large gesmall set sizes. These predictions coalesce

with patterns found in prior aging research atiegal using both verbal (Dennis, Kim, et al.,
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2008) and visual (Koutstaal & Schacter, 1997) slindine present study extends this work by
further manipulating gist in a graded fashion fual stimuli sharing perceptual as well as
semantic properties to investigate how gist rekainfluences age differences in the neural
correlates of false memory at retrieval.

Beyond assessing age differences in activity rdladegist-based processing and
consequent false memory in isolated regions, weddsow hippocampal connectivity changes
with age given different levels of gist contribugito false memories. Age-related decreases in
connectivity between the hippocampus and postégiaporal regions underlie memory deficits
in aging, and specifically, increases in false measo(Dennis, Kim, et al., 2008). Despite
reduced connectivity between the hippocampus wogtgrior regions, however, enhanced
hippocampal connectivity with frontal regions ateding predicts better memory performance
for older adults (Daselaar et al., 2006; Dennisyddaet al., 2008). Hippocampal-frontal cortex
connectivity suggests that older adults comperfsatgeficits in posterior connectivity by
relying on frontal top-down modulation (Daselaaakt 2006; Dennis, Hayes, et al., 2008;
Grady, MciIntosh, & Craik, 2003). However, littlesemarch has considered age-related functional
connectivity changes between the hippocampus as® ttegions durinigl se recognition for
items that vary in gist. For large versus smallsssgs, we predicted that younger adults would
have greater connectivity relative to older adfridsn the hippocampus to regions involved in
perceptual processes. Although older adults maip@xhcreased activation in inferior temporal
regions during false recognition (Daselaar et24l06), theconnectivity between these regions
and the hippocampus may be weakened with age (Bekimn, et al., 2008). Concomitant with
age-related reductions in posterior connectivitg,predicted that older adults would have

greater connectivity with frontal regions, a pattsuggested to reflect strategic shifts to support



AGING AND FALSE RECOGNITION 8

task performance (Davis, Dennis, Daselaar, FlecKakeza, 2008). Further we predicted that
connectivity would be greater for large relativestoall set sizes due to the heavy reliance on
gist-based processing.

Finally, we conducted a parametric modulation asialto capitalize on our graded levels
of gist, allowing us to assess age-related chaimgesural activity corresponding to increasing
or decreasing levels of gist that are associatéu varying levels of false memory. Beyond the
hippocampus, we identified lateral temporal codea candidate region whose activity may be
modulated by the extent of gist-based processingngts involvement in semantic processing.
Extant work has shown age differences in reliantsamantic processes with increased
activation in the lateral temporal cortex for ol@elults at retrieval (Davis et al., 2008; Dennis,
Hayes, et al., 2008). We predicted that virttreasing set size (i.e., small-medium-large), older
adults would show increased reliance on semanticgsises, reflected in increased lateral
temporal cortex activation. These analyses candistpguish the potential roles of the

hippocampus and lateral temporal cortex in gisedasemory errors.

2. Method
2.1 Participants
Sixteen youngem age = 24.13 yearsSD = 4.57; 8 male; age range = 19-33 years) and
16 older M age = 71.81 yearsSD = 5.58; 7 male; age range = 61-80 years) aduttsjpated.
An additional seven younger adults and 3 oldertaduére excluded due to failure to respond to
large numbers of trials (> 40% no responses; 1 geuadult, 1 older adult), failure to follow
instructions (1 younger adult), too few false alaiimat least one condition (< 6 items; 5

younger adults), or excessive movement in the sraf2wolder adults). Participants were right-
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handed, native English speakers with no usage dfoaons known to affect the central
nervous system, and no neurological, psychologmgbhysical conditions that were problematic
for MRI scanning. Education levels were similar younger 1 = 16.41 yearsSD = 2.85) and
older (M = 15.00 yearsSD = 2.03) adultst(30) = 1.61p = 0.12. Younger adultd{ = 79.44,D
=13.29) had increased processing speed than adidgis M = 54.56,SD = 10.45) t(30) = 5.89,
p < 0.001, as measured by digit comparison (Hedtah,&002). Participants provided written
informed consent. The Harvard University and Pasthastitutional Review Boards approved
this study.
2.2 Materialsand Procedure

468 pictures of single objects were incidentatigaded by participants, who were
unaware there would be a future recognition temttié?pants made yes/no decisions via a button
box about whether each object was something theydugse or interact with during an average
day. Pictures were selected from photo CDs (Hemechnologies, Gatineau, Quebec) to
include 54 sets of categorized objects (e.g., ul@srechairs, cats). Eighteen categories were
assigned to each condition (small, medium, or laegesize). The number of object exemplars in
each category determined set size. Small studyceatsained four studied exemplars (e.g., four
umbrellas). Medium sets contained eight studiedargars (e.g., eight chairs). Large sets
contained fourteen exemplars (e.g., fourteen catgmplars were distributed across three
encoding runs (e.g., the eight chairs would beibisied as evenly as possible across the three
runs), with each run lasting approximately 7 misutécross the three encoding runs,
participants viewed 72 pictures from small setd} fi¢tures from medium sets, and 252 pictures
from large sets (see Figure 1). Each picture wesgnted for one second followed by a one

second blank interval. All stimuli were presentéa E-Prime (Psychology Software Tools,
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Pittsburgh, PA). Trials were randomly ordered tlgioa jittered event-related design (Dale,
1999) with a fixation cross appearing for timesyuag from 2000 to 10000 ms throughout the
scans (for results at encoding, see Gutchess &c8aha012).

After an approximately ten minute delay, duringethstructural images were acquired,
participants received a surprise recognition test four functional scans. The recognition test
included a total of 456 pictures (216 studied a#d Rires). Each studied small, medium, and
large object category (e.g., chairs) was testel foitr studied exemplars and four novel lure
exemplars, both randomly selected from the studretlunstudied items for each category (see
Figure 1). Therefore, there were a total of 7&hgen each of the conditions (small, medium,
large set size) evenly distributed across four rwith each run approximately 10 minutes long.
To determine a baseline false alarm rate, an additi24 novel unrelated pictures were included
from distinct object classes not previously studi&ight different recognition orders across
participants counterbalanced assignment of objasses to each of the four set sizes (i.e.,
unrelated, small, medium, and large) and assignofaested items as either lures or studied
targets. Participants had a four second inteovaé$pond “yes” (i.e., had seen the exemplar
before) or “no” (i.e., had not seen the exempldoieg.

2.3 Functional MRI data acquisition

Images were acquired using a Siemens Avanta k& Wwhole-body scanner. Thirty-two
slices 3.2 mm thick with a .3 mm skip were acquingith an echo-planar imaging (EPI)
sequence (TR = 2000 ms, TE = 30, FOV = 200 mm aditig angle of 96). In each of the three
encoding runs, 212 volumes were collected; in @di¢he four recognition runs, 304 volumes
were collected. Besides the number of volumesctal, all other parameters were the same for

both encoding and recognition.
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2.4 Functional MRI analyses

2.4.1 General linear model. Preprocessing and analyses were conducted in SPM8
(Wellcome Department of Cognition Neurology, LondbhK). Images were slice-time
corrected, realigned to correct for motion, noraedi to the MNI (Montreal Neurological
Institute) template, and smoothed using an 8-mm FWsbtropic Gaussian kernel. Estimates
of canonical hemodynamic responses were includeedoh participant in a whole-brain random
effect analysis, used to assess age differendasin activation. We included eight regressors in
a first-level model: False alarms (FA)-large, FAdnen, FA-small, Hits-large, Hits-medium,
Hits-small, Zero-Correct Rejections (novel lures)d Miscellaneous (i.e., all misses and
remaining correct rejections, false alarms to theoZategory, and non-response trials). We
separated correct rejections into two differentesgors, as items that have not been seen
previously may rely on gist processing (e.g., | niid see any bicycles), whereas items from
categories previously presented (novel lures) refyan detail-specific recollection. Behavioral
false alarm estimates for each participant werkided in a group level analysis, treating
participants as a random effect. A 2 (Age Groupuryger, Older) x 2 (Set Size: Small, Large)
ANOVA model was created to explore any effectsatfssze during false recognition differing
by age group. FMRI results were thresholded aD®1 with an extent threshold lof 5
voxels, parameters widely used in aging-relatedamaging work (Duarte et al., 2008; Dulas
& Duarte, 2011; Kensinger & Schacter, 2008). Pedivations on the cortical surface were
determined using SPM8 and Brodmann areas labelbdwRIcron (Rorden & Brett, 2000).
Based on the whole-brain analysis, we characteazégdlity in a priori regions of interest (e.qg.,
hippocampus) by extracting parameter estimates sigmificant clusters and plotting them,

where relevant. To specifically address our hypsiheegarding age differences in brain activity
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during false recognition of objects in large versosll set sizes, we created the following
interaction contrasts: [Young > OId for (Large >&W)j, [Old > Young for (Large > Small)].

We compared small and large set sizes given thadutd be the most robust analysis to detect
age-related differences in hippocampal activatmgist-based false recognition based on our
predictions.

2.4.2 Functional connectivity. Psychophysiological interactions (PPI) assess task
dependent functional connectivity analyses forealgegion. Functional connectivity evaluates
how activity in a given region covaries with actyvin other areas of the brain when comparing
across conditions (e.g., in the present study,ddampal activity during false alarms to large set
size versus false alarms to small set size) (Fristal., 1997). For our analysis, we used the
gPPI toolbox, which accommodates more than two ¢asklitions in the same PPI and has been
argued to be more sensitive than standard PPl megi&ation through SPM (McLaren, Ries, Xu,
& Johnson, 2012). In this follow-up analysis, wedishe left hippocampus region identified by
our whole brain GLM (see results below) as a segbn to examine age differences in
connectivity with the hippocampus when making fakems to items from large versus small
set sizes, as this constitutes the most extrem@aoson across levels of gist. We extracted the
deconvolved time series from a 6mm radius sphenenar the group peak by testing the
connectivity for false alarms to large versus srsatlsize items. We entered the contrast files
from participant-level PPl analyses into a two-skntgest, comparing connectivity from the
hippocampal seed between younger and older adutteeicomparison of large vs. small set size
false alarms.

2.4.3 Parametric modulation. Parametric modulation analyses allowed for idesdtion

of regions whose activity increases or decreasedasction of gist-based false memories. That
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is, this analysis revealed neural activity varywmith increasing or decreasing set size. Unlike the
previous first level model (see section 2.4.1),gheametric modulation model used FA-set size
(i.e., small, medium, and large) as a covariatatefest to identify neural regions whose
activation tracks across the three levels of zet gduring false recognition responses. Like the
previous analysis (see section 2.4.1), we includi¢sl Zero-Correct Rejections (novel lures),

and Miscellaneous (i.e., all misses and remainorgect rejections, false alarms to the Zero
category, and non-response trials) in this modets€ analyses identified regions whose activity
positively or negatively correlated with increasmrgdecreasing set size for false recognition
responses. To identify any age differences in hminkregions track set size during false
recognition, we submitted best-fit first-level cooments to second-level two-sample t-tests

comparing younger to older adults, and older tongeu adults.

3. Results

3.1 Behavioral Data

We assessed age differences in false recogniyi@mtering false alarm rates into a 2
(Age: Young, Old) x 3 (Set Size: Small, Medium, & mixed ANOVA (See Table 1). Older
adults had higher false recognition ratiels< 0.32, SD = 0.10) than younger adulé=£ 0.24,
SD = 0.10),F(1,30) = 4.70p = 0.04, partiah? = 0.14. A main effect of Set Size emerge(®,
60) = 42.66p < 0.001, partiah? = 0.59. Across age, false alarm rate was greatehé large set
size M = 0.34,3D = 0.12) versus mediunv(= 0.28,3D = 0.12),t(31) = 4.31p < 0.001, and
for the medium set size versus the smdlH0.22,SD = 0.10),t(31) = 5.67p < 0.001. No
interaction emergeqh = 0.20. Because several younger adults (N = 5¢wgcluded for having

too few false alarm trials, the behavioral datafrtie participants included in the fMRI analyses
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may underestimate potential age differences (ss&rB& Van der Linden, 2003; Davidson &
Glisky, 2002; Naveh-Benjamin, 2000 for more thordowgnsideration of the effects of aging) in
false alarm rates across the set sizes. When tif@\ANs conducted with all participants who
completed the study, an age by set size interaetioergedF(2,78) = 4.951p = 0.01, partiah?
= 0.11, consistent with prior behavioral literature

Although not our primary interest, behavioral lsiter was also analyzed in a 2 (Age:
Young, Old) x 3 (Set Size: Small, Medium, Largexed ANOVA to determine age-related
differences in correct responses to old items (&dxe 1). Older adults did not differ from
younger adults on hit raté(1,30) = 0.005p = 0.94, partiah® < 0.01. A main effect of Set Size
emergedF(2,60) = 4.27p = 0.018, partiah® = 0.13. Hit rate was not greater at the largesizet
(M =0.64,5D = 0.13) versus medium(= 0.62,SD = 0.14),t(31) = 0.98p = 0.33, but was
greater for the large set size versus the srivh# 0.59,SD = 0.14),t(31) = 2.950 = 0.006. Hit
rate at the medium set size was marginally grehgar the smally(31) = 1.84p = 0.08. No
interaction emergegh = 0.70.
3.2 Functional MRI Data

3.2.1 Ageby Set SizeInteraction: [(Young > Old) for (Large> Small)]. Comparing
age differences in brain activity for false alamsponses for large versus small set sizes revealed
a singular activation in the left hippocampus (F&RA; k = 9; MNI coordinates: -30, -18, -18).
To characterize the pattern of the age differentdss interaction, we entered and compared
parameter estimates from this hippocampal regian2anAge Group: Young, Old) x 2 (Set Size:
Small, Large) mixed ANOVA. This revealed a sigraiit Set Size x Age Group interactii],
30) = 10.46p = 0.003, partiah? = 0.26. Older adults recruited left hippocampuserthan

young when set size was sm#[80) = 3.26p = 0.003,d = 1.15. No age differences emerged



AGING AND FALSE RECOGNITION 15

when set size was largg€30) = 0.38p = 0.71,d = 0.13. No other regions emerged from this
interaction contrast or from comparing [(Old > Yagifior (Large > Small)].

3.2.2 Functional connectivity. Consistent with our predictions, at the largesusrsmall
set size, younger adults showed greater functicorahectivity between the hippocampus and
temporal regions than older adults. Specificalyative to older adults, younger adults had
greater functional connectivity between the lefidicampus (MNI coordinates: -30, -18, -18)
and right inferior temporal cortex (k = 21; BA 34NI coordinates: 60, -50, -16), as well as with
left superior temporal cortex (k = 21; BA 22, MNdardinates: -54, -26, 6) (Figure 2B). No
regions emerged as greater for older adults thanger adults for the large versus small set
size.

3.2.3 Parametric modulation. For false recognition, decreasing set size (aege-
medium-small exemplars studied) was associatedingtieased activation in a singular region
of left anterior cingulate gyrus (BA 2= 5; MNI coordinates: -14, 42, 0) for younger tela
to older adults (Figure 2C). No other age diffeememerged for decreasing set size, and no age

differences emerged for increasing set size.

4. Discussion
The present study investigated the neural undeipys of how increased use of gist-
based processing affects false memory for visuralditin aging. We had predicted involvement
of the hippocampus, as previous work has suggdséedhe more closely items are related (e.g.,
items that share the same verbal label), the maeepses involved in false recognition are
activated (Koutstaal & Schacter, 1997). This yieddgreater need for hippocampal-based

reconstruction as the degree of gist increasefalfee memories in younger adults (Gutchess &
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Schacter, 2012). However, the pattern is far l&sar dor older adults who have been shown to
consistently rely on gist-memory (Tun et al., 1998)the present study, older adults exhibited
increased hippocampal activation for false memdoegems at the small set size relative to
younger adults. Initially, we had predicted thatesladults would show less hippocampal
activation relative to younger adults and givert teance on gist should increase with set size,
this difference would be more prominent at thedasgt size. However, we observed an
unexpected pattern such that older adults tendtieade the hippocampus more for the small set
size, which leads to age differences in this caolit In contrast, hippocampal activity was
equivalent at the large set size between youngeohlter adults, reflecting a tendency for older
adults to activate the region less for large thaalkset sizes. No other age differences emerged
from the random effects analyses.

Age-related differences in hippocampal activabetween the small and large set size
may potentially reflect deficits in pattern sepematability. Increased age corresponds with a
reduced capacity to separate new information frelated inputs causing interference (pattern
separation) and an increased tendency to retredaged information from a partial cue (pattern
completion) (Yassa & Stark, 2011). For true reaiten to occur, memory traces for information
must be unique enough compared to other interfenfogmation, thus requiring pattern
separation (Norman, 2010). The more informatiorrlaps causing interference, the more
separation becomes critical (Yassa & Stark, 20ihlthe present task, participants had to
retrieve information that was tightly connectedhaather information (e.g., exemplars in an
object category). For older adults at the smalkgsd, increased activation in the hippocampus
relative to younger adults may suggest effortftdliegal. However, at the large set size,

equivalent hippocampal activation between youngdrader adults suggests deficient pattern
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separation (i.e., too much interference to resadw) a shift toward pattern completion (i.e.,
retrieving the gist of the information) (e.g., &tat al., 2010; Yassa et al., 2010). In this cHse,
hippocampus works to detect novelty of informatdnhe small set size, but at the large set size
there is too much information to separate (Dundat.£2012; Fandakova et al., 2013a;
Kumaran & Maguire, 2006).

These findings may also be interpreted using ¢ta&dding theory of aging and
cognition (STAC). STAC posits that the brain adapith age to engage in compensatory
“scaffolding” in response to challenges as a resiufteclining neural structure and function
(Park & Reuter-Lorenz, 2009; Reuter-Lorenz & P&®14). STAC suggests that despite neural
changes, behavior can be maintained with age dileetengagement of compensatory
scaffolding. Scaffolding processes may operate lesser scale in youth, only engaged in novel
situations, new learning, or neural challengeskRaReuter-Lorenz, 2009). With increased age,
in contrast, scaffolding processes may be engagenl fer familiar tasks or basic cognitive
operations as these become more difficult with déagtion of previous neural circuitry (Park &
Reuter-Lorenz, 2009). For older adults to havedased hippocampal activation at the small set
size relative to younger adults, this suggestsdbatpensatory recollection responses (by way of
pattern separation, for example) are engaged far@dults. However, large set sizes might
exceed older adults’ capacity to counteract giseldalse memories, and they are unable to
harness additional resources to support performanaking younger and older adults
comparable in hippocampal activation. The equiviaigopocampal response for younger and
older adults at large set sizes may reflect bothresic challenge (e.g., higher task demand in

younger adults at the large set size) and intriclsadlenge (e.g., aging brain) at the large set siz
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Because greater hippocampal activation for oldattadelative to young adults at the
small set size does not clearly delineate the psEengaged differently across the age groups
as gistincreases, we assessed how functional connectivity differ®ss set size with age. With
regard to STAC, it is possible that beyond the $s®llsize, older adults are relying on
activation in secondary scaffolded areas (Park &t&elLorenz, 2009). We thus sought to
identify connections potentially involved as a ftiao of greater gist processing. Connections
between the hippocampus and both the right infemak left superior temporal cortex were
greater for younger adults relative to older adidtghe large versus small set size. Consistent
with these findings, previous memory work has réagtan age-related decrease in connectivity
between the hippocampus and posterior regions, asitie parietotemporal network, at
encoding (Daselaar et al., 2006; Dennis, Hayesl, ,e€2008). Prior work manipulating gist
information in younger adults has shown that serogmbcessing is involved in this type of
graded visual task using gist-processing (GutcBeSshacter, 2012), potentially suggesting that
these age-related changes in functional connectigftect the contribution of semantic
processes. As the amount of gist increases (suichtls large set size), younger adults may
compensate via greater functional connectivity wations associated with semantic processes
(Daselaar et al., 2006).

Extant work has also suggested an age-relatedasecie inferior temporal activity
(Davis et al., 2008) and connectivity suggestirdgoldults are less efficient at these processes
(Dennis, Hayes, et al., 2008). However, we didfimat support for our hypothesis that older
adults may compensate for weaker posterior conngctvith increased connectivity between
the hippocampus and frontal cortex. This predichased on prior work suggesting that this

pattern predicts better subsequent memory perfazenéidaselaar et al., 2006; Dennis, Hayes, et
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al., 2008; Grady et al., 2003). This could suggiest prior findings from work on correct
recognition may not extend to false recognition.

Interestingly, anterior cingulate cortex increasedctivity with decreasing set size for
younger adults more than older adults. Prior wak $hown that true recognition is associated
with increased engagement of visual, posteriorpaliand temporal cortex, suggesting
reactivation of sensory information, whereas faésmgnition is associated with engagement of
the frontal cortex, specifically the anterior cithafe, representative of monitoring of retrieved
memories (Cabeza, Rao, Wagner, Mayer, & Schadd@, )2 Anterior cingulate is engaged
during both correct and incorrect responses, suiggess involvement in situations where errors
arelikely to occur rather than solely during specific erf@arter et al., 1998). In contrast to
younger adults, older adults do not differentiaélgruit anterior cingulate to assess salient
categorical differences in unrelated items, sugggstge-related deficits in using specific details
to assess novelty (Bowman & Dennis, 2015). In tlesent data, anterior cingulate activity
increased as set size decreased. A possible efiplamathat older adults did not differentially
recruit the anterior cingulate to distinguish gatlidifferences in novel items, whereas younger
adults were able to utilize this monitoring whearthwas less gist information.

4.1 Conclusions

This research extends prior gist and false menesgarch by investigating neural age
differences in false memories for graded gist imfation. Our results suggest that hippocampal
involvement extends to visual stimuli in regard$aise memory and gist. That younger adults
exhibited enhanced connectivity with inferior angbarior temporal regions relative to older
adults at the large versus small set size sugtestyounger versus older adults use additional

resources (e.g., semantic processes) to distingeisteen old and new information when the
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level of gist is greater. Age-related increasegistrbased processes may result from deficits in
hippocampal activation, affecting capabilities saslpattern separation, and impaired

connectivity with semantic regions.
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Table 1. Behavioral data for false alarms and hits

old Young
Small 0.24 (0.11) 0.19 (0.09)
False Alarms Medium 0.33 (0.10) 0.24 (0.13)
Large 0.39 (0.12) 0.30 (0.10)
Small 0.59 (0.14) 0.60 (0.14)
Hits Medium 0.62 (0.14) 0.63 (0.15)
Large 0.65 (0.14) 0.63 (0.12)
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Figure 1. In the task, participants incidentally encoded g&8ures of single objects (as shown
on the left). The number of object exemplars irhezategory determined its set size. After a
delay participants completed a recognition testitiduded a total of 456 pictures (216 studied
and 240 lures). Each studied small, medium, argélabject category (e.g., chairs) was tested
with four studied exemplars and four novel lureragpkars (as shown on the right), both
randomly selected from the studied and unstudesdstfor each category. An additional 24

novel unrelated pictures were included from didtolgect classes not previously studied.
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Figure 2. A) A region in left hippocampus emerged when conmzpage differences in activity
for false recognition at the large versus smalksa (left). Plotting parameter estimates to
characterize this activation revealed the inteoacto be driven by more activity among older
adults versus young at the small set size, witagedifference at the large set size (right).

B) At the large versus small set size, youngertaderhibited increased functional connectivity
between the left hippocampus and the left supégimporal cortex (left) and the right inferior
temporal cortex (right) relative to older adults.

C) When examining decreasing set size (i.e., lavgeedium to small exemplars) in a
parametric modulation analysis, younger adults gltbiwcreased left anterior cingulate cortex

activity relative to older adults.
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Exemplars at encoding Exemplars at recognition







Highlights:

- We assessed age differencesin retrieving false memories using fMRI.

- The number of encoded categorically-related pictures varied (small to large sets).

- Atretrieval, older adults activated the hippocampus more than young for small sets.
- For large sets, hippocampal and posterior tempora connectivity decreased with age.
- Younger and older adults differ in the processes that contribute to false memory.



