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ABSTRACT
ILANA T. Z. DEW: Cognitive and Neural Correlates of Implicit Associatiemory in
Young and Older Adults
(Under the direction of Kelly S. Giovanello)
Declines in episodic memory are a hallmark of cognitive aging. One explaisan age-
related deficit in binding, or associating, the separate contextuatdeaif a memory event,
a process that depends on the medial temporal lobes (MTL). An alternative vielivixsi
the episodic memory declines to an impairment in strategic redolextcontextual
features, a process that depends more on the prefrontal cortex (PFC3ingssaglicit
memory of new associations is a way to distinguish between these viewpoint$e,To da
mixed findings have emerged from studies of implicit associative memory ig. &yire
factor that may account for the variability is whether the manipulatiodsengntly involve
explicit processes. In 6 experiments | present a novel paradigm of aoslcagrociative
priming in which subjects make speeded associative judgments about unrelated object
Using a size classification task, Experiment 1 showed equivalent assoprativeg
between young and older adults. Experiment 2 generalized the results of Expériman
inside/outside classification task, while replicating the typical algéeceimpairment in
associative recognition. Experiment 3 showed that associative priming insthsatanot be
explained by explicit contamination. In Experiments 4 and 5, older adults showedgdeser
rapid response learning, a complementary form of incidental associativegngce.astly,
Experiment 6 used event-related fMRI to examine the neural basis of assqmieing.

During implicit associative retrieval, older adults showed under-recroitofeMTL regions

coupled with over-recruitment of right dorsolateral PFC. Furthermore, adtivityht



dorsolateral prefrontal cortex correlated with behavioral primingdardut not young

adults, consistent with the hypothesis that older adults may recruit préfeantas to
compensate for MTL dysfunction. This study documents the first evidencethaitment

of right DLPFC operates during associative priming, on a task in which no agreddés
werefoundbehaviorally. Taken together, the experiments provide an important example of a
form of associative processing that is unimpaired in older adults. However, aceabfage
differences in the behavioral measure did not map onto the same pattern of neatad s

in the two age groups. This finding is consistent with patterns of structuresiuncti

reorganization in aging.
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CHAPTER I.
INTRODUCTION

Older adults do not perform as well as younger adults on tests of episodic memory
(for a review, see Hoyer & Verhaeghen, 2006). Episodic memories are teatiyegpecific,
such as an event that occurred at a particular place and at a particulduivireg( 1983).
Age differences have been found in memory for a range of contextual attrilgtesss
temporal order (Cabeza, Anderson, Houle, Mangels & Nyberg, 2000; Fabiani & Fniedma
1997), location (Glisky, Rubin & Davidson, 2001), the source of a new piece of information
(Johnson, Hashtroudi & Lindsay, 1993) and perceptual characteristics such as voite (Nave
Benjamin & Craik, 1996; Bayen & Murnane, 1996; Pilotti, Meade & Gallo, 2003). Age-
related deficits have been found to be substantially larger for contextuéd theda for
content items (Old & Naveh-Benjamin, 2008; Spencer & Raz, 1995).

The exact mechanism that gives rise to this context memory impairmesinee
uncertain. One explanation is an age-related impairment prélcess of bindingpgether
the separate elements of a to-be-remembered episode (Chalfonte & Johnson, [£996; Ly
Bloise, & Johnson, 2006; Mitchell, Johnson, Raye & D’Esposito, 2000). Across different
paradigms, this process has been described in different ways: as an impigirieaiotre
binding (Chalfonte & Johnson, 1996; Mitchell, Johnson, Raye & D’Esposito, 2000), as a
difficulty in creating an ensemble of item and context (Bayen, Phelps, & Sp20ddl), or
as deficits in semantic, featural, or temporal relational memory (@aBe@6). The

hypothesis that a deficit in the creation and retrieval of links among individualafni



information can account for the observed episodic memory impairments has beerzéarmal
as the Associative Deficit Hypothesis (ADH) (Naveh-Benjamin, 2000). Indekdiye to
memory for single items, older adults have shown poorer memory than young adults f
multiple types of associations, including picture-location (Chalfonte & Johnson, 1996),
picture-color (Chalfonte & Johnson, 1996), word-font (Naveh-Benjamin, 2000), word-word
(Naveh-Benjamin, 2000), word-nonword (Naveh-Benjamin, 2000), picture-picture (Naveh-
Benjamin, Hussain, Guez, & Bar-On, 2003), face-name (Naveh-Benjamin, Gbe%,Kil
Reedy 2004), face-spatial location (Bastin & Van der Linden, 2006) and facéBastin &
Van der Linden, 2006) associations. Research in neuropsychology and cognitive
neuroscience indicates that the medial temporal lobe, and in particulappledmpus,
serves this function of binding elements together into a learning event, and ®pethte
incidentally and obligatorily (e.g., Eichenbaum, Yonelinas & Ranganath, 200 ¢pMtd,
1992).

An alternative viewpoint accounts for impairments in episodic or associativermye
as a part of a more generalized decline in strategic, consciously-conproltess. Such
processes include the intentional manipulation, organization, or evaluation ofdestdre
especially, the conscious, intentional retrieval of items within their studietext (i.e., item-
context associations), a process that is often referredrézaltection According to this
view, impairments will be less evident on tests that require automatic orntrontd
memory processes, such as familiarity-based recognition (Andersoail§ 2000; Hudson,
2008; Jacoby, 1999; Jennings & Jacoby, 1993; Light, Prull, LaVoie & Healy, 2000; Naveh-
Benjamin, Shing, Kilb, Werkle-Bergner, & Lindenberger, 2009; Moscovitch & Winocur,

1995). This viewpoint coincides with other, more general, frameworks of cognitivg ag



that posit deficits in self-initiated processes (Craik, 1986; Smith, PallksEShaw &

Whiting, 1998), encoding strategy (Dunlosky & Hertzog, 1998; Kausler, 1994), or pragessi
resources (Craik & Byrd, 1982). These consciously-controlled mechanisnaseopeder
effortful, intentional conditions, and have been linked to the prefrontal cortex (PFC)
(Buckner, 2003).

Considerable evidence exists for both a binding deficit (e.g., Naveh-Benjamin, 200@)| a
as a recollection deficit (e.g., Jacboy, 1999; Naveh-Benjamin et al., 2009 dn lagleed,
associative-binding processes and strategic associative retriegaspes are known to work
together to support the encoding and retrieval of episodic memories. However, these
viewpoints do make competing predictions in two critical ways: First, althoughDke
emphasizes a deficit in the encoding and retrieval of associative itifonythe recollection
deficit view emphasizes an impairment at the retrieval stage (sehNBenjamin & Old,

2008, for a recent discussion). Second: the hypotheses of a binding deficit and ai@tollect
deficit offer different predictions about the status of implicit memory.

Implicit memory refers to non-conscious, unintentional influences of memory, and is
measured through primingwhen some aspect of a previous experience influences or
facilitates behavior in a new, seemingly unrelated situation (Roediger, 368&cter, 1987).
Unlike explicit tests such as recall or recognition, implicit testuesitsns typically make no
mention of the study episode. Although strong empirical support exists for aelaigelr
deficit in associative memory, the interpretation may be confounded byctliadathe
majority of studies examine only direct, explicit tests of new associatiess is known
about the status of implicit associative memory in aging. Importantlyj@tdefstrategic

recollection of associative information accommodates the possibilitytivaentional, or



non-consciously controlled processes may be relatively unimpaired by agengf ¢hey
involve associative information. In contrast, binding is characterized asidentad,
obligatory process that operates independently from conscious intent (Mdsch982). As
such, if a deficit in binding mechanisms at encoding can explain later episodarynem
impairment, then such a deficit should be evident using tests of both explicit andtimplic
retrieval. Alternatively, if older adults are impaired in strategic, otlett processing of
relational information, then an age-related deficit should not occur with imelstinbg).

Although, theoretically, the implicit memory approach provides a promising method
with which to help clarify the age deficit in context memory, research takisgpproach
has provided mixed evidence. Tests that have been used to assess associative pgming hav
varied according to type of association, stimulus materials, level of enverdaahsupport,
and dependent measures; as such, few definitive patterns have yet emergedente pre
dissertation reviews how implicit memory for new associations has been shoperate in
aging, merging evidence from behavioral priming paradigms, neuropsychology, and
cognitive neuroscience. Building on the prior findings, the results and analyses of
experiments are then described.



CHAPTER II.
TESTING ASSOCIATIVE MEMORY

The typical paradigm used to examine both explicit and implicit associativemem
involves first a study portion, in which subjects encode novel associations in ampasva
ways; depending on study goals. After a brief distractor period in whiclateegngaged in
an unrelated cognitive task, subjects complete the test portion of the experitreegerferal
level, explicit and implicit tests are differentiated by whether or nosibgects are
instructed to think back to the earlier items in order to complete the task.

Novel associations may be characterizeshi&s-item(i.e., between two independent
items), orintra-item (i.e., between an item and a concrete, stimulus-bound contextual feature,
such as color, font, or perceptual modality). Although across some papers therelare subt
variations in the details of the task, explicit memory for inter-itenmspsaitypically tested
using an associative recognition paradigm, originally used by Humphreys (18%6g |
standard version of this test, subjects study unrelated pairs (e.g., betweenetat@dnr
words, or between an item and a concrete feature of that item). At test, sonriteriteor
item-feature pairs are presented that were encoded together atrstact), 6ome pairs are
presented in which both units were studied but not togathesrfbined)and some pairs
consist of two new, unstudied units. Participants are asked to decide whether thegresent
pair was seen together previously. Associative recognition accuracgusatad as the
difference between hit rate for intact pairs and the false alarntore#éeombined pairs. If

participants encode both elements individually, but have difficulty integradterg together



into a cohesive unit, then hit rates to intact pairs will be high but recombined dhekoiti
false alarms, and in turn decreasing accuracy.

Explicit memory for intra-item associations is tested simildtyr example,
participants may study a list of words, each presented in one of several taetst, some
studied words are presented in the same font as at study, some studied worcdearedoire
a different studied font, and the remaining items are new, unstudied words presented in ne
unstudied fonts. Associative recognition accuracy is measured with the saedupescas
for inter-item associations.

Unlike explicit tests, which instruct subjects to think back to the study episode,
implicit memory is measured by facilitated task performanceejoeated stimuli relative to
new stimuli, independent from conscious, intentional retrieval processes @uH#g03;
Roediger, 1990; Schacter, 1987). Initially, implicit memory for new associatiagsot
thought possible. Establishing novel connections was thought to necessitate emaborati
processes, supported only by conscious retrieval (e.g., Cermak, Bleich, l&oBiad 988),
and priming of any kind was thought to depend on pre-existing representations. More
recently, priming of novel associations (sometimes called episodic prisgadvicKoon &
Ratcliff, 1979) has been demonstrated in numerous studies.

Priming of new associations is typically measured as facilitas&doerformance for
items that are presented in the same context as at study, relative toemtdtertext. One
common implicit test for inter-item associations is associative werd-sbompletion (WSC).
At study, subjects encode pairs of unrelated items (e.g., window-reason}, Atadgst
item of a pair is presented, followed by the first few letters of a second wetidif2ats are

instructed to complete the stem with the first word that comes to mind after neadhthe



first word. Associative priming is demonstrated if subjects are morg likedlomplete the
stem with the studied word when the stem is presented in the same context as(atgtudy
window —rea_____ ) relative to a different context (e.g., hammer —rea____ ). Another
common example is speeded reading, in which participants indicate via keyspsess @as
they have read two words (either alone or embedded within a sentence). Hmiafiass
priming is demonstrated if subjects are faster to read previously pared or sentences
relative to recombined.

Priming of intra-item associations is often tested using the samegrasatiiat assess
repetition priming of single items. Associative priming is found on these ifaskfange in
a surface-level feature of the item reduces the magnitude of repetitiangprirhe
perceptual identification task is one example, in which words are presentdutiedlgy and
participants are instructed to try to identify the presented word. On this tadkjoegem)
priming is evident if earlier target words are easier to identify than coatdaded new
words. Sensitivity to a surface-level alteration (e.g., changing itofgrerceptual modality
from study to test) can be seen as evidence of initial success in binditeptheith its
concrete features. The benefit in priming for items that retain theid isutitace form is
sometimes called feature-specificform-specific priming; this priming benefit is often
attributed to the degree of perceptual overlap between study and test (RoeBlggtaf,
1987).



CHAPTER 1.

EFFECTS OF AGING ON IMPLICIT MEMORY FOR NEW ASSOCIATIONS

To date, studies of implicit associative memory in aging have produced mixed
findings. As described previously, priming of new associations is measurad|astéd task
performance for items that are presented in the same context as atedtiuthg 1o a
different context. The item-context relationships are sometimes opetagohas an item
and a concrete feature of that item, such as its color orifrg-{temassociations) and
sometimes operationalized as two unrelated items that are presentbdrtfgietr-item
associations). Intra-item associations, such as those between an item alod, itequire the
integration of an item and its surface-level features; on these percephipiifa@ons, older
adults typically show priming to the same extent as younger adults (Gibson, Brooks,
Friedman & Yesavage, 1993; Light, LaVoie, Valencia-Laver Albertsomt@vw& Mead,
1992; Lloyd-Jones, 2005; Wiggs & Martin, 1994;). Age equivalence is also found on inter-
item associations if perceptually-driven integration occurs betwedowhalrface-level
features of the items (Light, Kennison, Prull, LaVoie & Zuellig, 1996; Monti et al., 1997)
Findings from these perceptually-based paradigms have suggested that tireage
difference in implicit associative memory.

However, when tasks require the meaningful integration of unrelated items, older
adults have shown lower, or even no evidence of, associative priming (Ergis, Van der
Linden, & Deweer, 1998; Howard, Fry, & Brune, 1991; Howard, Heisey & Shaw, 1986;

Monti et al., 1997; O’Hanlon, Wilcox & Kemper, 2001; Spieler & Balota, 1996), An



exception is if environmental support or special encoding conditions are impléenrente
order to improve older adults’ performance (Howard, et al., 1991; Howard, et al., 1986).
Such exceptions are consistent with the explicit memory literaturehwhg shown that
older adults are less likely than young adults to process relational ini@nrspontaneously,
but improve their performance when provided with a specific strategy for asgeci
encoding and retrieval (Naveh-Benjamin, Brav & Levy, 2007; Old & Naveh-Benja
2008).

The differential age effect for priming of intra- versus inter-itesoamtions are

described in more detail below.



CHAPTER IV.
INTRA-ITEM ASSOCIATIVE PRIMING

Age differences are not typically found on priming for intra-item (i.e.,fiemture)
associations. An early demonstration of this (Light, LaVoie, Valenciei, &lbertson-
Owens, & Mead, 1992) compared explicit and implicit memory for perceptual rryodali
After reading or listening to a series of words, participants completed aaitetgsit for each
item’s initial perceptual modality. Participants also completed ongairhplicit tests: a
visual perceptual identification test in which participants were instructietntify briefly
presented words, or an auditory version of the same test, in which participants were
instructed to identify words that were masked in noise. Context effects wasarad by
comparing within-modal and cross-modal magnitudes of priming. On the expdagure, as
expected, the younger adults were significantly better at remarglmmtext information.
On the implicit measure, results demonstrated equal modality effegtsufing and older
adults. The identification of words presented in both the within-modal and the crosis-moda
conditions was greater than the identification of new words, and the differenaehetw
within-modal and cross-modal priming was equal across the age groups. Thisigetusit
modality change provided evidence that the items were bound with their initiappeat
mode despite impairments on the explicit measure. Similar modality dffaotsbeen
replicated in multiple priming studies (e.g., in Pilotti & Beyer, 2002), even thougeftegpes
are typically found on explicit tests of the same perceptual attribute Keugsler & Puckett,

1981).



Age invariance has also been demonstrated on priming for typeface font changes. In
one example, young and older adults completed a syllable judgment task on wordseand w
later tested on word-stem completion. Changing font reduced but did not eliminateprim
for both age groups (Gibson, Brooks, Friedman, and Yesavage, 1993). A similar result has
been found using speeded reading rather than WSC, in which both age groups were faster t
read familiar English words when they were presented in their initial étattve to a
changed font (Wiggs & Martin, 1994).

Taken together, the described studies provide evidence of unimpaired intra-
associative priming for multiple types of contextual attributes, gemedadicross different
implicit tests. One contrary example to this pattern is from Pilotti,ddead Gallo (2003),
who found that older adults were insensitive to a change in perceptual modality on an
auditory perceptual identification task. However, the age effect wamated when
controlling for differences in hearing acuity, suggesting that the findingnelasative of
sensory-perceptual processing impairment. Similarly, some mixed evidenembeged for
effects of highly specific, fine-grained perceptual detail such as fuenaihfrequency.

Older adults have in some studies shown equivalent sensitivity as young aduitsyttmst

test changes (e.g., Sommers, 1999); other studies have shown a priming reductiorhenly in t
young adults (Pilotti & Beyer, 2002; Schacter, Church & Osowiecki, 1994). Howevessa
multiple types of cognitive tasks, older adults sometimes demonstrateiltljfin using
sensory-perceptual information; this impairment may make unique contribtditasks that
involve these kinds of processes and that are otherwise unrelated to mematgo(idias
Chrosniak & Schwartz, 1991; Hashtroudi, Johnson & Chrosniak, 1990). In turn, it is possible

that a reduced sensitivity to these fine-grained perceptual detailsgefldeficit in

11



organizing sensory-perceptual information rather than a deficit in memory fextaeit

detail.

12



CHAPTER V.
INTER-ITEM ASSOCIATIVE PRIMING

In contrast to the unimpaired priming of intra-item associations in agingngrioh
new inter-item associations is typically reduced or not demonstratédnadlder adults. In
one example (Howard, Heisey, and Shaw, 1986), participants studied sentences that
meaningfully paired two unrelated nouns, and implicit memory was measuredaai@re
time difference to recognize an item after it was preceded by thee@aandifferent noun as
at study. Younger but not older adults showed a reaction time difference to the context
change, demonstrating impaired associative priming in the older adults.il& sesult has
been found across multiple studies that have used associative word stem compison (
in which subjects are asked to complete a three-letter stem with thedidsthat comes to
mind after reading the preceding word. After reading or creating senthatéstegrate two
unrelated words, younger adults have been repeatedly shown to be more likelgénan ol
adults to complete the stems in same-context relative to different-corgsghations
(Ergis, Van der Linden & Deweer, 1998; Howard, Fry, and Brune, 1991; O’Hanlon, Wilcox
& Kemper, 2001).

This pattern of impaired inter-associative priming has been further ¢jeedr a
speeded naming task (Spieler & Balota, 1996). Younger and older participants were
instructed to read a (prime) word silently, and then to read a (subsequentwargebut
loud as quickly and accurately as possible. Response time was recorded asia ddincti

prime repetition, target repetition, and prime-target pairing repetitmosstrials. For the



younger adults, reaction time decreased more for pairing repetititinegetaprime or target
repetition alone. For the older adults, reaction time decreased to an equaagx@duanction
of target repetition and pairing repetition, demonstrating item but not asse@aming.

There have been very few manipulations in which inter-item priming has been
demonstrated in older adults to the same extent as younger adults. Critieatines that
have shown this can be explained by two specifically relevant variables. Stheofidition
under which no age difference is found is if inter-item associations are baged on t
integration of shallow, perceptually-driven features of the items. The seconti@ondider
which no age difference is found is when environmental support or special encoding
conditions are implemented in order to improve older adults’ performance.

An example of perceptually-driven inter-item associative priming coroes ffight,
Kennison, Prull, LaVoie, and Zuellig (1996), who found a similar magnitude of asgeciat
priming for nonwords in younger and older adults under single-trial study conditions.
Participants read a series of two-syllable nonwords (e.g., kensess) patevere later
measured on naming latency of nonwords, in which the component syllables were intact
(e.g., kensess), recombined (e.g., kentein), or new. Older adults showed a similaimbenef
naming speed for intact relative to recombined syllable combinations, despitéqut edje
effects on associative recognition. Because nonwords do not lend themselves taiabncept
analysis, it is likely that participants relied on perceptual integratiorder ¢o form and
facilitate later performance for these associations.

Perceptually-driven sources of priming have also produced age equivalence on a text
rereading task. To examine perceptual sources of inter-item priming, Moht{39%/)

compared text rereading speed when a globally meaningless sentenepewtsd (e.Q.

14



readingthat a fades Mountain and befow both trials) relative to when the words but not

the between-word associations were repeated {leaf.a fades Mountain and befoagtrial

one andMountain a that before and fadastrial two). Text rereading was equivalently faster

for the intact sentences relative to recombined sentences for both young aradjelder
groups.

As stated earlier, the second critical manipulation under which older adults have
demonstrated unimpaired priming of inter-item associations is when envirohswgyart is
provided such that the encoding conditions are specially optimized. Examples of such
support include providing specific strategies, multiple stimulus repetitiondddromal time
to encode the pairs. (Indeed, providing older adults effective strategies hashbem to
minimize the age differences even on explicit tests; see Dunlosky &ddet998; Naveh-
Benjamin, Brav & Levy, 2007). One example comes from Howard, Heisey, and Shaw
(1986): Participants studied sentences that paired two unrelated nouns, and ireptiaiym
was measured as a reaction time difference to recognize an itenh\afisrgresented in the
same or a different context. Older adults demonstrated impaired priming undebthe
optimal encoding condition described earlier, in which sentences were preseptedaan|
but not when the word pairs were presented multiple times at study. Similaviaréi Fry,
and Brune (1991) found that when participants were given sentences at studyaladenve
tested on associative word stem completion, younger but not older adults demdnstrat
priming. However, when older adults created their own sentences and timeyatvasusklf-
paced, priming was comparable to that of younger adults. In both these studied, implic
associative memory could be supported in older adults under more favorable encoding

conditions.

15



CHAPTER VI.
PERCEPTUAL-CONCEPTUAL VERSUS AUTOMATIC-CONTROLLED

Taken together, the pattern of preserved intra-item associative primingdaovifh
impaired inter-item associative priming implies a differentia affect for perceptually- and
conceptually-based associative priming. This perceptual-conceptual tibstisccritical in
the examination of associative priming. According to principles of transfer-apgisopr
processing (TAP) (Morris, Bransford & Franks, 1977), memory performarickeeniefit to
the extent that the cognitive operations required at study are reengagéd latpésit
memory performance in particular has been sometimes attributed to thagememgt of
perceptual or conceptual processing (for a review, see Roediger &mMoRel1993). On
tests that require primarily perceptual (i.e., data-driven) processirgasuhbe identification
of perceptually-degraded stimuli, performance will benefit from similazgpeual analysis
at study, and will show little sensitivity to conceptual analysis such ds lefverocessing or
generation manipulations (Jacoby & Dallas, 1981; Jacoby, 1983; Roediger, 1990).
Conversely, tests that are dependent on conceptual analysis benefit fromcanmikgptual
processing at encoding, and show little or no sensitivity to alterations in ogthagoa
perceptual form (Bowers & Turner, 2003; Thompson-Schill & Gabrieli, 1999; Vaidya
Gabrieli, Verfaellie, Fleischman, & Askari, 1998). Like the priming of @ntgms, research
suggests that associative priming can also involve either — or both — perceptuateptual
processes; the relative emphasis on one or the other depends on the items, therintegrat

between them, and the retrieval task. If an associative implicit test singhéow-level



perceptual features, then perceptual components of the association wilfneutated; if

the test emphasizes meaningful features, then the conceptual components ottagaass

will drive the priming effect. Reingold and Goshen-Gottstein (1996) showed that when the
associative implicit test was a (conceptually-driven) relatedneggrient task, priming was

not attenuated by cross-modal presentation for unrelated pairs. In contrast, ityratidat
emerged on a perceptually-driven speeded lexical decision task.

However, what may be masked in the comparisons of perceptual and conceptual
processing in aging is the more general framework of impaired stratege&spes in aging
relative to spared automatic memory processes. When the formation of azse®cieturs
via the semantic integration of distinct items, associative priming hasheam to be
sensitive to encoding manipulations that affect explicit retrieval progessgsas levels-of-
processing manipulations (e.g., Graf & Schacter, 1985; O’Hanlon, Wilcox &lKeri001;
Reingold & Goshen-Gottstein, 1996). Conversely, when associations occur via the
integration of perceptual features, associative priming has been shown toitpeestens
encoding manipulations that affect perceptual item priming, such as ste&toee changes
(e.g., Gabrieli, Keane, Zarella, & Poldrack, 1997; Micco & Masson, 1991; Musen &lD’'Ne
1997).

For instance, although associative word stem completion (WSC) is descrdoed as
implicit test (because it does not instruct subjects to think back to the studiey iteloss
not typically function as would a test that requires automatic, unintentionalvedtri
processes. Unlike the single item version of word stem completion, which been shown both
to produce priming without intention or test-awareness (i.e., without noticing a donnect

between the items presented at study and during implicit testing), and whitbrfanc
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independently from effortful processing (Roediger, 1990; for a recent examplegwe® D
Mulligan, 2008), the associative version has instead been sensitive to the sablesvirad
affect explicit retrieval processes. One example is from Bowers amat®cli1990), who
found that significant priming on associative WSC only occurred for participdnats
indicated test-awareness on a post-test questionnaire. Convergent evigeasdrom
neuropsychological studies of amnesic patients, which have shown that performdmee on t
associative stem-completion task correlates positively with perf@enam explicit memory
tests (e.g., Shimamura & Squire, 1989). Another example is from Kinoshita (1999), who
found that following an elaborative encoding manipulation, divided attention at tededffe
associative word stem completion, but not item word stem completion. This saaidevari
had no effect on a perceptual-associative inter-item implicit tedit kigal. (1996) showed
that the speeded naming measure of compound nonwords (which showed age invariance)
was unaffected by divided attention, despite decrements on associative renogniti
Complementary evidence for this pattern comes from a levels-of-processing
manipulation on associative WSC. O’Hanlon, Wilcox, and Kemper (2001) compared older
and younger adults on word stem completion for items, word stem completion for pairs, and
cued recall, following syllable counting or sentence creation. Syllableingutt not
benefit performance on paired associates cued recall or associativeonnedGedr age group.
Sentence creation benefited young adults on both the associative priming anetcalled r
measure, though it only benefited older adults on cued recall and to a lessehextéime t
young adults. Similar levels-of-processing effects on associat®€ whd cued recall in the
young adults support a functional connection between the tasks.

Given the typical use of strategic, elaborative encoding conditions, it is nass\gpr
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that conceptually-driven inter-item associations have been particulfirtyldito dissociate
empirically from explicit memory (see McKone & Slee, 1997). Critycal explicit retrieval
strategies could be used to enhance performance on a nominally implicit tdétely that
such strategies would be used more often and more successfully by younge Hadhiiits (
Jelicic & Craik, 1996). Thus, a difference in explicit contamination may be pasggpnsible
for age differences. Furthermore, while explicit contamination could ingggcdifferences
during retrieval, strategic, consciously controlled processes could itheaate effect
during encoding as well. Studies examining inter-item associations tymoaburage the
associative encoding of two unrelated words via semantic elaboratiorc{eaging a
meaningful sentence that relates them). This kind of strategic encoding ofeditsbe
younger adults to a greater extent than older adults (Stuart, et al., 2006).

For these reasons, despite the theoretical usefulness of the implicit megpovgch,
it is unclear whether prior tasks of conceptual associative priming hhaky vaflected
implicit memory. In turn, the age effects to date are difficult to inggrfgixperiments 1 and
2 in this dissertation test whether older adults can show implicit memong# conceptual
associations, using a novel speeded response paradigm that was designed tdikelynore
than prior associative priming paradigms to tap unintentional, non-conscious response
mechanisms. Experiment 3 tests the validity of this assumption by determinitigewhe
associative priming using this paradigm can be dissociated from explicbhmdifrolder
adults have a deficit in binding mechanisms that affects not only strategigjongl
associative encoding and retrieval but also incidental associative pngcéissn they should
show impaired conceptual associative priming relative to young adults, bedratound in

prior studies. If, however, older adults can encode meaningful associations ibydmurit
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have difficulty with strategic or evaluative associative memory prosegsn no difference

in priming should emerge between the age groups using this new paradigm.
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CHAPTER VILI.

RAPID RESPONSE LEARNING: IMPLICATIONS FOR ASSOCIATIVEBMORY
DECLINE IN AGING

As described, implicit memory is a nonconscious, unintentional form of memory
retrieval, and is often measured by repetition priming, in which performance skiia ta
facilitated for previously experienced items relative to new items. Avcamy used test of
implicit memory is a speeded classification task, in which subjectsticsde a series of
items by making a judgment about them (e.g., about their size or shape). Wgtmtssare
asked to make the same or a new decision as quickly as possible, and priming is seen if
subjects are faster to make correct judgments for studied itemsedtatiovel, baseline
items. A growing body of findings indicates that at the initial encoding phase dueisg
tasks, an incidental association is formed between the stimulus and tepdasic response
required for that stimulus. This episodic association manifests as aioadngdriming when
a new response is required during implicit testing, even if the test reengageasrte abstract
representation of the item (Dennis & Schmidt, 2003; Marsolek & Field, 1999; Poldrack &
Cohen, 1997). This phenomenon is known as response specificity (Schacter, Dobbins, &
Schnyer, 2004) or rapid response learning (Schnyer, Dobbins, Nicholls, Schacter &
Verfaillie, 2006). The idea of rapid response learning is heavily modeled on’tq@888;
1990) instance theory, a prominent account of priming and automaticity of processing.
According to instance theory, priming occurs as a function of a recorstkadice or a

specific stored representation, of a previously encountered stimulus. peaskesresponses



on repeated items can become automatic if they are driven by a memory phemame
which the conclusion reached during the item’s initial presentation iseesmhwather than
by a recalculation of the original algorithm. Automaticity thus ocautask environments
that are consistent, such that practice with a specific solution to a spealfierprforms a
consistent mapping between the stimulus and its response. An important feature of this
stimulus-response learning mechanism is that it is both incidental andaéissoéior this
reason, studying rapid response learning offers a complementary way mtwhest the
status of incidental associative processing in aging.

To date, there is little evidence as to the status of rapid response learolthey in
adults. In young adults, evidence for rapid response learning in repetition phasing
emerged from several recent studies (Dobbins, Schnyer, Verfaillie, &®ch2004; Horner
& Henson, 2008; Horner & Henson, 2009; Schnyer, Dobbins, Nicholls, Davis, Verfaillie &
Schacter, 2007; Schnyer et al., 2006). In each of these studies, subjects penfiooirjedta
classification task in which they were asked to decide whether the presentdd whje
bigger than a shoebox. Two speeded tests were later presented, one in which subjects made
the same decision as previously, and one in which the cue was reversed, such tiat subje
were instructed to decide whether the objects werallerthan a shoebox. Importantly,
reversing the classification from a bigger-than judgment to a sntlaiarjudgment should
not impact the abstract knowledge representation of the stimulus. Rather, ittiseotagk-
specific decision that must change in order to provide a correct response. A paterd of r
response learning is demonstrated if cue reversal reduces priming. Eaebeo$tudies has
provided evidence that at least some repetition priming on the speeded clawsitfaskt

could be explained by a stimulus-response (S-R) learning mechanism. Hornesresoo H
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(2009) recently found that when multiple levels of response learning were considered and
controlled for (including not only the internal smaller-than/bigger-than cooddmsit also

the left/right finger mapping and the task-specific yes/no decision),eafRihg in fact
accounted for all priming on the speeded classification task.

These recent findings present a challenge to some theoretical framedvionidicit
memory. For instance, research on the neural basis of implicit memory has Babwn t
repetition priming is associated with decreased neural activatianc@led response
suppression) for previously studied stimuli relative to new stimuli. Depending on the
technique, the reduction in hemodynamic response can be measured directly asdlecreas
regional cerebral blood flow (using PET) or indirectly as decreased B@jdal change
(using fMRI). For instance, Henson, Shallice and Dolan (2000) presentedsacédamiliar
faces and familiar symbols while subjects were instructed to searahdaget. Simply
viewing repeated faces or symbols was associated with decreasedanguitglin fusiform
gyrus. Such decreases in neural activity are typically interpretedp@ma the behavioral
priming effect, as the facilitated, more efficient processing of previa@igtied stimuli.

According to a predominant model by Wiggs and Martin (1998), this decreased
activation reflects a neuralning, or sharpening, mechanism, in which only the neurons that
respond best to the stimulus are recruited for re-processing that stimallageattime. The
theory of neural tuning has been successful in explaining many instances itibrepet
priming, in particular visual specificity effects in which perceptual prgns sensitive to
changes in the physical features of the stimulus (see Schacter, Wayé&nSt2007, for a
discussion). However, the recent evidence of rapid response learning on speeded

classification tasks does not fit as well within the framework of neuralduitfipriming
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reflects a neural sharpening mechanism, then the re-presentation of the stimuldsbe
sufficient to produce neural priming, regardless of the decision cue. In caattaist
prediction, Dobbins, et al., (2004) found in an fMRI study that cue reversal reduceld neura
priming in both fusiform cortex as well as in left prefrontal cortex (PBG) not in visual
processing areas of extrastriate cortex. The neural priming effdasform gyrus and left
PFC were restored when a final classification task recapitulateditiieal cue. These
findings indicate that although visual re-processing of the stimulus wasurbdi$toy cue
reversal, the incidentally-learned stimulus-response association disruptdeactivity
during the classification task. A similar result was found by Wagner, téaltd1aril,
Schacter and Buckner (2000), who showed that when the task remained consistent from
study to test, decreased neural activations were found in left inferioHRiv&ver, the
neural response suppression was eliminated when the task changed from studyredest. T
neuroimaging findings provide evidence against a neural sharpening mechramdsmstead
suggest a system in which relying on a prior task-specific responsesedaasverall
executive processes required for the decision task in favor of a more adtoesgiense
mechanism (Horner & Henson, 2009; Dobbins et al., 2004; Schacter et al., 2004).
Complementary evidence for this S-R learning mechanism comes from several
studies (Dobbins et al., 2004; Horner & Henson, 2009; Schnyer et al., 2007) that have
compared items presented multiple times at encoding (high-primed iteais)eréd items
that were presented only once (low-primed items). Theoretically, stsamakponse learning
should be strengthened for high-primed items, given their additional presestatid thus
opportunities for S-R learning. In turn, cue reversal should have a larger impact iarger

reduction in priming) for high-primed relative to low-primed items. Consisté&h these
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predictions, Dobbins et al. (2004) found a larger priming reduction for high-primedeelat
to low-primed items, although significant slowing accompanied cue reverdadth high-
and low-primed trials. Likewise, Horner and Henson (2009) found a significant priming
reduction for high-primed items in three experiments, and a trend toward a langagpr
reduction in high-primed items in their remaining experiments. Theseatliffes between
the cue conditions indicate that multiple repetitions do not simply improve acce=s+0 i
specific information but rather strengthen the relationship between thantds associated
response, through which a more automatic and efficient response stratelgy atopted.

Given the importance of S-R learning for extant theories of implicit mgntos
critical to determine the conditions under which evidence of S-R learning is mod is
present, and whether it is apparent in different populations. Schnyer et al. (2086 }he
effect of cue reversal on patients with damage to the medial temporal lobke} (dhich are
critical for associative, or relational, processing (Cohen, Poldrack, & iiheluen, 1997,
Konkel, Warren, Duff, Tranel, & Cohen, 2008). While the MTL-amnesic patients showed
long-lag repetition priming to the same extent as healthy age-match#&dls and young
adults, their priming was not reduced by cue reversal, even following multjagtiens.
The insensitivity to reversing the decision cue indicates that the patientedrtbe items
but did not form an association between the items and their response, a mechanikelthat li
depends on the MTL.

This finding has important implications for older adults, for whom there is strong
evidence of a disproportionate impairment in associative processingeadtathe processing
of item information (Chalfonte & Johnson, 1996, Naveh-Benjamin, 2000; Old & Naveh-

Benjamin, 2008; Spencer & Raz, 1995). However, there may be important differences
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between the relational deficit apparent in older adults and the one apparent imiigésia
patients. One difference is that amnesiacs have often shown impaired retatomay
under both intentional and incidental memory conditions (Chun & Phelps, 1999; Gooding,
Mayes & Eijk, 2000; Ryan, Althoff, Whitlow & Cohen, 2000; Schnyer et al., 2006; but cf.
Goshen-Gottstein, Moscovitch, & Melo, 2000), and there is recent evidence thamnallofor
relational processing are impaired by MTL-damage (Konkel et al., 2008). Imasbiar
amnesic populations, older adults have shown clear deficits under intentional encoding and
retrieval conditions; however, not all forms of associative processingjaad\eaffected. As
described in previous sections, the status of incidental associative learningraod/ nse
still uncertain. According to a meta-analysis by Old and Naveh-Benjamin (Z208jes
comparing incidental and intentional learning conditions show a small overaffagein
explicit memory that follows incidental associative encoding, albeit danitizdly larger
effect under intentional conditions. However, there is some evidence that older laolwlits s
no difference in memory performance following incidental versus intentem@ding, but
rather that young adults benefit more than older adults following intentiotraiatisns
(Hogan, Kelley & Craik, 2006). Such findings suggest that older adults can encode
associations incidentally as well as young adults, and that the appearancgetfec
stems from a disproportionate improvement in the young following intentional istrsic

To understand the nature and source of the associative deficit in older adults, and to
determine the ways in which this population differs from patients with medial tahipoe
damage, it is critical to delineate the conditions — both intentional and incidamntdier
which the deficit may appear. The recent evidence that S-R learning dedpee

classification tasks reflects a type of incidental and automatizedatssoprocessing
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provides an impetus to determine how cue reversal affects older adults. Expednaad 5

of this dissertation examine whether older adults demonstrate rapid relgaonsgey.
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CHAPTER VIII.
THE ROLES OF MTL AND PFC REGIONS IN ASSOCIATIVE MEMORY

A large body of research has identified medial temporal lobe structuresiag h
critical role in the formation of episodic memories (for reviews, see CohairaBkl&
Eichenbaum, 1997). The famous case-study of H.M., a patient who developed profound
anterograde amnesia following surgical resection of major portions of Hialrtemporal
lobe (MTL), led to the development of a framework that distinguished between deelarat
memory and nondeclarativeemory. Declarative memory refers to a memory system
dependent on the medial temporal lobe and which supports the formation of new episodic
and semantic memories (i.e. memories that can be “declared”). Nondgelanatnory
refers to a system independent of the medial temporal lobe and which supports varied
learning functions such as motor, procedural and skill learning (i.e., functions that
demonstrate learning but are not “declared” as memories) (see Corkin, &@hdaum,
2002; Squire, 1992).

Since H. M., considerable evidence has emerged for a dissociation between
declarative and nondeclarative memories in patients with MTL damage. Iniah init
demonstration, Warrington and Weizkrantz (1970) instructed amnesic patientsgisizeco
words from an earlier study list; consistent with H.M., their performarasesignificantly
lower than that of normal controls. In a separate test, the patients weltd@skenplete the
(implicit) word stem completion task, and demonstrated priming equal to the normal

controls. Similar results have been reported many times since Warringtoneszidahtz’'s



(1970) demonstration. (For reviews, see Shimamura, 1986; Carlesimo, 1999.) Investigations
such as these helped lead to the characterization of declarative versusarathdecl

memories as explicit (retrieved consciously) and implicit (not retdeconsciously) (see
Roediger, 1990; Schacter, 1987; Schacter & Tulving, 1994; Tulving & Schacter, 1990).

More recent research has supported the hypothesis that MTL amnesia produces a
deficit in the ability to fornrelations among elemenis a learning event, and that these
relationships form the basis of the complex, contextually-specific, fleseplesentations
that comprise declarative memories (Cohen, Poldrack, & Eichenbaum, 1997). This
characterization supports a modification of the explicit/implicit distmgta critical
component of this hypothesis is that the medial temporal lobes will be involved iarrelati
memory, regardless of whether these associations are tested diregtlysing conscious
tests of explicit memory) or indirectly (i.e., using nonconscious tests ofcitpiemory)

(Ryan, Althoff, Whitlow & Cohen, 2000). Recently, the hippocampus in particular has been
shown to make a unique contribution to episodic memory by linking together various aspects
of a learning event into a bound memory representation (Davachi, Mitchell, & Wag008;
Eichenbaum et al., 2007; Giovanello, Schnyer & Verfaellie, 2004; but cf. Stark &Squi

2003). Neuropsychological models based on lesion data suggest that the hippocampus serves
to bind elements together into memory traces and operates both incidentally gatbobyli
(Moscovitch, 1992).

Recent studies of amnesic patients with damage to the medial temporaliobas s
this hypothesis that MTL amnesia is characterized by a deficit in th abiform relations
among elements, regardless of whether these associations are testgdodinedirectly

(Cohen et al., 1997). For instance, Ryan et al. (2000) operationalized relationahtrdorm
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by manipulating the spatial location of a critical item within a pictureest amnesic
patients and normal controls were asked to locate the critical item, and imgdéitional
memory was measured as an increase in eye movement or fixation towartigdhee@on
of the item, relative to eye movement when asked to locate a novel item. Aoageiining
effect was found both for normal controls and for the amnesic patients, with featerfs
for repeated than for novel scenes. Only the normal controls showed the relational
manipulation effect, however, in which the critical region in manipulated scerergae
more fixations than the same regions in repeated or novel scenes. Amnesiatkrshow
difference in these fixations. These results indicated that although thsiampatents
demonstrated intact repetition priming, relational memory was imparediesing a
nonconscious measure. This pattern has emerged in several other studies of MTit-amnes
patients (e.g., Carlesimo, Perri, Costa, Serra & Caltagirone, 2005; Churlps,P1e99;
Park, Quinlan, Thornton, & Reder, 2004; For a contrary result, see Goshen-Gottstein,
Moscovitch, & Melo, 2000).

A similar result was found by Chun (2005), who manipulated temporary
(neuropharmacological, midazolam-induced) amnesia in healthy subjectstutlyis s
employed the contextual cuing paradigm, a visual search task in which sulgaotsracted
to search for a visual target among distractors, and relational priming is deatexhg
subjects are faster to detect a target within a previously seen cahiextfiguration relative
to a new configuration. Subjects performed at chance levels when asked taidisting
explicitly between previously seen visual configurations and randomly gederaiv
configurations, and performance was unaffected even by explicit instru@iobjgcts

demonstrated intact non-associative implicit memory in that their gerarahsabilities
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(procedural learning) improved across the task for both old and new configurations.
However, no relational priming was found. These results support the hypothesigthat M
structures are critical for relational processing under non-conscious oasdai recent
investigation using eye-tracking converges with neuropsychological and
neuropharmacological studies positing the importance of the hippocampus for unaware
relational memory (Hannula & Ranganath, 2009).

The recent evidence that some nonconscious learning functions are linked to the
medial temporal lobes leads to a potential distinction between a form of impdioibry that
depends on the MTL and a form of implicit memory that is independent of the MTL. &\ larg
body of research on the neural basis of implicit memory has shown that priminglef s
items is associated with decreased neural activation for repeated gtiatie to new
stimuli. Several theories have been put forth to account for these repetistmaidecreases
in activity. Experiments using nonhuman animals have shown that single neurons exhibit a
reduced firing rate for repeated stimuli (Brown & Xiang, 1998), a findinggha¢ rise to the
term “repetition suppression,” although this term is not always used in reféoeiteeneural
priming effect in humans. An analogue of repetition suppression in humans was pudl forwar
by Wiggs and Martin (1998) (based on Desimone, 1996) who posited a neural tuning, or
sharpening, mechanism, in which only the most relevant neurons are selected to eapond t
stimulus upon its reoccurrence, leading to faster mean firing rates. Gdh@npnt accounts
include fatigued neurons which exhibit lower amplitudes, or a reduction in the duration of
neural activity (Grill-Spector, Henson & Martin, 2006; Henson & Rugg, 2003).

While neural deactivations reflect the typical neural signature of itemiryi

mechanisms, the region of this response varies widely according to the stpeuli and
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type of task. Neural priming is typically evident in areas of stimulusemcept-specific
processing, such as extrastriate cortex of the occipital lobe (for vipeatgived stimul,
e.g., Badgaiyan, 2000), fusiform cortex (for object or face stimuli, e.g., Henson¢&Rall
Dolan, 2000), or left inferior prefrontal cortex (for priming of lexical or semantic
information, e.g., Buckner et al., 2000; Wagner et al., 1997) (for reviews see Henson, 2003;
Schacter, Wig & Stevens, 2007). Studies of patients with cortical lesions have provided
double dissociations with patients with MTL-damage, and offer converging evidexice t
item priming depends on stimulus-specific cortical areas. For instansntpdtS., who had
lesions to occipital cortex, showed no priming on the (implicit) perceptual icatiin task
in which subjects attempt to identify briefly presented words, despite unedpmaplicit
memory (e.g., Gabrieli, 1995; for a review, see Schacter & Buckner, 1998b).

Although MTL structures have a well-supported role in relational processing, the
prefrontal cortex (PFC) also serves an important role. Like the effecTbfldsions (Ryan
et al., 2000), lesions to (especially dorsolateral) PFC also produce largés defielational
memory than item memory (Stuss, Eskes & Foster, 1994). Moscovitch’s (1992) component
process model suggests that the frontal lobes are critical for the maoipwiatrganization
of associations, including elaborative learning strategies that operate fiadérle
intentional learning conditions. More recent research from functional neioignarovides
convergent evidence that the MTL and PFC make important, though distinct, coorisltoti
relational memory. While MTL structures have been associated with thentadidacoding
and retrieval of contextual associations, the PFC has been associateonivitlied
processing of relational information, both at encoding (e.g., Henson, Shallice, J&sephs

Dolan, 2002) as well as at retrieval (e.g., Badgaiyan, Schacter & Alpert, 28@2ova et
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al., 2003; For a review, see Cabeza, 2006). Examples of controlled relational pratesses
encoding include the organization of inputs to the medial temporal lobe (Brewer, Zha
Desmond, Glover & Gabrieli, 1998), whereas retrieval involves the monitoring or evalua
of contextual attributes (Hensen, Shallice & Dolan, 1999).

In one example (Rugg, Fletcher, Chua and Dolan, 1999), subjects completed an
incidental deep encoding task in which they made animate/inanimate and pleassedantpl
judgments on word stimuli. Subjects later completed both an item recognitias testl as
a source recognition memory test. fMRI analyses indicated that the soemuayrtask
engaged the left prefrontal cortex to a greater extent than the item remo¢gst. Similar
results were found by Nolde et al. (1998a, 1998b), who showed that left PFC involvement
was moderated to the extent that a task involved higher contextually-speesiclic
retrieval demands.

Using event-related fMRI, Giovanello, Schnyer, and Verfaellie (2004) shive¢
the PFC is associated with a general attempt to retrieve relationas detale the
hippocampus is critical for successful retrieval of associations. At,gpadycipants
simultaneously viewed two nouns and were instructed to create a sentence (cibnagrtly)
related the two words. At test, participants performed either an asggdafn item
recognition task. In the associative task, participants saw intact, recomideteva word
pairs, and were asked to indicate whether the two words were previously seemn.togethe
Analysis of the neuroimaging data revealed that, relative to item réicog@Essociative
recognition resulted in activation of bilateral anterior hippocampus, as welbasumber of
other regions including left inferior prefrontal cortex, bilateral temparad parietal regions.

Follow-up region of interest (ROI) analysis of the mean activation Iev@lateral anterior

33



hippocampus revealed greater activity when making associative judgabenisintact pairs
than in any other condition, suggesting that the hippocampus is critical for $uccess
retrieval of relational information. In contrast, ROl analysis of the metwvasion level in

left PFC revealed significant activity both for the intact and recombinedagdlitions,
consistent with the notion that left inferior PFC activation is related to neorergl strategic
processes associated with relational retrieval attempt. Similolybins, Foley, Schacter

and Wagner (2002) showed that, relative to item memory, attempt to retriexectiting
condition under which the item was acquired (i.e., source memory) was dependent on left

PFC, even though this activity was independent of source memory accuracy.
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CHAPTER IX.
NEURAL BASIS OF IMPLICIT ASSOCIATIVE MEMORY

Although the role of the PFC in implicit memory for new associations has not bee
systematically investigated, it is likely that tests implasociative memory may correspond
with PFC regions if they concurrently involve strategic or evaluative psese For instance,
Badgaiyan, Schacter and Alpert (2003) conducted a PET study in which partisipaiisl
unrelated word pairs and were subsequently tested on associative word steaticompl
(WSC). Increased regional cerebral blood flow (rCBF) in right MTL alzserved in the
same context relative to the same different condition, consistent with othesstadihe
neural basis of relational priming. However, both the same and different cooektions
(relative to fixation) were associated with increased rCBF torl&fitdl gyrus. This finding
coincides with research from the associative recognition literature (egar®llo et al.,
2004), which has shown that frontal activation is associated with a genargitatteretrieve
relational information. The frontal activation during associative WSC providigsrtant
convergent evidence for the behavioral literature, in which this task has beeneénsit
encoding manipulations that affect explicit processes. Such findings suggest aathe
use and interpretation of priming in this task, especially for studies of ageedites.

In contrast, tests of implicit associative memory that do not appear to involve
strategic or explicit processes have been consistent with neuropsychadtyyiitas that
highlight the importance of the MTL in the processing of relational infaomatin a study

of nonconscious semantic associative retrieval, Henke et al. (2003) had subyedtcgie



profession pairs that were flashed subliminally (below the threshold of consgiausness)
between visual masks. At test, subjects were asked to indicate whetherahs gemantic
category of each face's profession had been an artist or academic. Acoutheychtegories
test was at chance, yet subjects were faster to make corre@gyredasive to incorrect
guesses. On control trials, for which a profession was assigned to each faes hot w
presented to the subjects, there was no reaction time difference betweeharatri@correct
guesses. The RT difference for correct and incorrect face-professisnmpaitaken as a
measure of unaware semantic associative retrieval. Neural actsdgiagd with this
contrast revealed increases in bilateral hippocampus as well as righina¢cortex. The
involvement of these MTL regions coupled with the direction of activity (increesiber
than deactivations) was thus fundamentally different from the neural basisigdritaing.
Henke and colleagues extended these findings in a more recent paper (Degbn@a@s),
which showed increased activity in anterior hippocampus and right perirhinet donting
subliminal (non-conscious) associative encoding.

However, recent findings from Yang, Mecklinger, Xu, Zhao and Weng (2008)
conflict with findings from Henke and colleagues (2003; Degonda et al., 200&ycAding,
subjects viewed two Chinese characters (familiar word stimuli for thecssipgand judged
their orthographic similarity. The maximum amount of time allotted to each stdjeszch
encoding trial was set such that it would yield only 20-40% correct on a subseque
recognition test, thus precluding the possibility of explicit contamination. Tpkcitrtest
measured reaction time to reading intact (i.e., presented together), recombsedted at
study but not together) and new character pairs. Associative priming vigeddaes the

overlap in neural activations for intact-recombined and intact-new contrastidtsve
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recognition was measured as neural activity for correct old responsgsr(imtis correct
recombined responses (correct rejections). Bilateral hippocampus and parahpgalocam
cortex were active during the explicit associative measure. Howeveipgaampus was
not involved in associative priming, and the direction of activity for adjacent Miittates
was the opposite from what Henke et al. (2003) had found: implicit associative measory w
correlated withldecreasedctivity in right parahippocampal cortex (PHC), as well as anterior
cingulate cortex, inferior frontal gyrus, and occipital cortex.

It is uncertain what accounts for the divergent findings between Henkg20G8)
and Yang et al. (2008). Yang et al. (2008) questioned whether that the activenmewot of
the hippocampus found by Henke et al. (2003) may have resulted from explicit prgcess
Indeed, while the prototypical neural signature of priming is a reduction uitpctihe RT
difference for correct relative to incorrect guesses found by Herdteveds associated with
increased neural activity, more typical of explicit retrieval. Howewerchance-level
accuracy on the retrieval task used by Henke et al. (2003) coupled withtttiefastimuli
were presented below the level of awareness at encoding make the ppssiexjlicit
contamination unlikely, if not impossible. Moreover, the hypothesis that active hippocampus
indexes explicit processes per se has been challenged by a wide babaafiren the
neuropsychological as well as fMRI domains, which have shown the hippocampus to be
involved in relational processing independently from awareness or intentiom éRgh,
2000; Chun & Phelps, 1999; Hannula & Ranganath, 2009).

An interesting alternative possibility is that the difference batwéenke et al.
(2003) and Yang et al. (2008) is a reflection of different kinds of relational infmma

Specifically, it is possible that the hippocampus and adjacent MTL structares a
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differentially engaged during implicit retrieval of conceptual (Hertka. versus perceptual
(Yang et al.) associations. There is evidence from the explicit mditeyature that a
differential network of neural regions is activated during semanticsgmsrceptual
associative retrieval. Prince, Daselaar and Cabeza (2005) found that whelesfuloexplicit
retrieval of semantic (word-word) and perceptual (word-font) assmesaboth involved the
hippocampus, semantic retrieval also involved left vetrolateral PFC whileppeat retrieval
involved right posterior parahippocampal gyrus, left occipitotemporal contbitateral
parietal cortex. To date there is no direct evidence as to whether imptiexatof
conceptual and perceptual associations may engage different neural regives, ecg a
different direction of neural response. Experiment 6 in the present sertadietgested the
possibility that differences between Henke at al. (2003) and Yang et al. (200&)e due

to differences in conceptual versus perceptual associative processing.
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CHAPTER X.

EFFECTS OF AGING ON THE NEURAL BASIS OF IMPLICIT RELATIONA
MEMORY

As described earlier, successful associative encoding and retrieval supexpticit
relational memory appear to be a function of both hippocampal-mediated binding
mechanisms as well as strategic, consciously controlled prefrontal merokde.g.,
Degranges et al., 1998; Gabrieli et al., 1997; Giovanello et al., 2004). It is alsoHikiely t
successful relational memory depends not only on unique contributions of PFC and MTL
regions, but also on the functional connectivity between them (Cabeza, 2006). Seesral li
of research have indicated that both PFC and MTL regions are affectecylagh in
terms of region-specific activity, as well as a decreased atoelbetween the regions
(Grady et al., 1995; Mitchell et al., 2000; Park & Gutchess, 2005; Stebbins et al., 2002).

Regarding PFC, aging is associated with pronounced and reliable changesain front
cortical regions. The frontal aging hypothesis was developed based on strong
neuropsychological data of non-pathological aging that has linked multipkelated
cognitive declines with prefrontal dysfunction (Moscovitch & Winocur, 1995). Evidfmce
PFC dysfunction in aging has also been evident in studies of functional neur@msigig
PET and fMRI. For instance, Anderson et al. (2000) found that a divided attention
manipulation in young adults during word pair encoding mimicked aging, such thagrweak
activity was found in left PFC in young adults under divided attention but in older adults

under full attention. PFC reductions have been found in older adults for temporal relationa



memory as well. In a PET investigation (Cabeza et al., 2000) subjects cahijuttean
item recognition test and a recognition test of temporal order. Oldds aduformed
disproportionately worse on the temporal order task than the item task. Consigtehtswi
pattern, temporal order retrieval was associated with greater [@fa€ttvity relative to item
retrieval in young but not older adults. Taken together, such findings fit with poghegsis
that episodic memory declines are, at least in part, associated withpi@eessing
resources and mediated by weakened prefrontal activity.

Regarding MTL regions, aging is sometimes associated with srivéllevolumes in
structural studies, as well as overall decreased MTL activation in functtad&s across
different types of tasks (for a review, see Raz, 2000). However, there is mixeacevaseto
whether or not weakened MTL activity is directly linked with age-relatesbejp memory
declines. Using fMRI, Giovanello et al. (2009) recently showed that young atliaitsd
greater hippocampal activity than older adults during accurate retrie\vedhtbnal
compound word conjunctions. During picture encoding, Gutchess et al. (2005) found weaker
parahippocampal cortex activity coupled with increased activity in infegoatdl regions in
older compared with younger adults. Likewise, using PET, Grady et al. (2005) faand ag
related reductions during word retrieval in hippocampal activity, coupled witbased
activity in PFC. These studies provide evidence that that age-related mesolorgsiare
linked with MTL dysfunction. In contrast, however, other studies have shown lagedre
preservations in MTL. For instance, using PET, Cabeza et al. (2000) observedeatiuiva
MTL activation between older and younger during word retrieval. Likewiseg USRI,

Miller et al. (2008) and Rand-Giovanetti et al. (2006) both found preserved hippocampal

activation during associative face-name encoding. In summary, thailieecatrently offers
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an inconsistent pattern in which MTL activity is only sometimes reduced in cddgpared

to younger adults during episodic memory tasks. It is uncertain what acaouttssie
discrepancies. One possibility is that different subregions within the MayLlra

differentially affected by aging. For instance, there is some evidkatading is associated
with larger decrements in the hippocampus relative to the rhinal cortex, both iroferms
functional activity (Daselaar et al., 2006) as well as structural volumee(ivias et al.,

2007). A related possibility is that distinct processes of episodic memoryehat ar
differentially affected by aging may differentially engage thelLMfbr a review, see

Daselaar & Cabeza, 2008). For instance, Daselaar et al. (2003) found weakearhjgdoc
activity in older adults during deep but not shallow encoding. Moreover, because the
hippocampus has been shown to be more involved in relational memory and recollection,
whereas the rhinal cortex has been shown to be more involved in item memory and
familiarity (Brown & Aggleton, 2001; Davachi et al., 2003; Ranganath et al., 2004;
Yonelinas, 2002), the dissociated effect of age on different structures witivfirthes
consistent with theoretical frameworks of age-related episodic memorgealgiacoby,

1999; Naveh-Benjamin, 2000) that have emerged from behavioral studies. Furthee data a
needed to clarify the discrepancies and delineate which episodic memory @sogitissr

will not be associated with weakened MTL function.

To help inform this question, Experiment 6 in the present series of studies tests
whether the effects of age on MTL function are similar during implicit andaixpdirieval
of new associations. Regarding explicit associative retrieval, MTL a@d&ftons will
likely both contribute to age-related declines, to the extent that this formnabmeequires

both item-context binding as well as strategic manipulation or organizatiorsefféregures.
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The critical question is whether MTL dysfunction will be evident on an implisk taat
should be independent from strategic processes mediated by the PFC. Some researc
suggests that on tasks that engage the hippocampus but do not involve concurrent strategic
processes that require the engagement of the PFC, no age differenced iactigityawill
emerge (Head et al., 2005; Hedden & Gabrieli, 2005). To date, only one published study has
investigated implicit relational memory in aging from a cognitive neligase perspective,
and its findings are consistent with this possibility. Using ERP, Trott, FaadRitter,
Fabiani, and Snodgrass (1999) showed no age differences behaviorally on a speeded
recognition task for same-context and different-context noun pairings, coupteldnge age
decrements on a subsequent explicit source judgment. Consistent with the laéhesudts,
the ERP indexes showed no age differences on the early-onset speeded old-new judgment,
but age-related differences emerged in the late onset, long duration, frontikgdr
activity that was associated with the source judgment. The timing of thigyaatas
interpreted within Moscovitch’s (1992; 1994) component process model, in which the earlier
old—new effect could be associated with an MTL-mediated, automatic, naggstrat
judgment, and the later, old—new effect could be associated with a PFC-medhatedics
effortful search or retrieval of source information. Based on these findingsuld appear
reasonable to predict that no age differences in regions of neural activity, indlueliMdL,
should emerge during a test of unintentional, nonstrategic relational retrieval

Complicating this prediction, however, is one of the most interesting puzzles in the
cognitive neuroscience of aging literature: the reorganization of tihetste-function
relationship that appears to accompany healthy aging, with reduced antvattask-related

regions coupled with increased activations in non-task-related regions. Ongl@xé this
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reorganization concerns changes in hemispheric lateralization, such thatsaih&engage
the left hemisphere in young adults, older adults tend to engage bilatevabrdepr
instance, whereas young adults show activity in left PFC during semanticremauder
adults show left PFC activity as well as contralateral activity in Bg@ (Morcom, Good,
Frackowiak & Rugg, 2003; Stebbins et al., 2002). This empirical pattern has been
generalized as the Hemispheric Asymmetry Reduction in Older Adults ft&RBIOLD,
Cabeza, 2002, see also Reuter-Lorenz & Stanczak, 2000) and has been found across varying
paradigms (Backman et al., 1997; Cabeza et al., 1997; Logan et al., 2002; Madden et al.,
1999; Rosen et al., 2002). A second example of the structure-function reorganization in
healthy aging is the posterior-anterior shift (PASA, reviewed by D&\, 2008), such that
older adults show a reduction in activity in posterior regions (e.g., occipitakcodepled
with increased activity in anterior regions (e.g., PFC). Like HAROLEASR has been
demonstrated in several types of paradigms, including visual perception (Graldy]1894;
Madden & Hoffman, 1997), attention (Cabeza et al., 2004; Madden et al., 2002), working
memory (Rypma & D’Esposito, 2000), and episodic memory (Grady et al., 2002; Madden et
al., 1999). A relevant extension of PASA is that it occurs for neural deactivations.dDa
al. (2008) found that older adults elicited less deactivation in posterior midline rég@hs
of the default network in which midline regions are deactivated during cognitkee tas
compared with baseline rest conditions, Raichle et al., 2001) coupled with additional
deactivations in anterior midline regions.

The function (i.e., purpose) of these age-related changes in neural architesture ha
been challenging to interpret. One hypothesis is that neural changesctirapany

cognitive tasks are a function @édifferentiationsuch that there is an age-related
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breakdown in the specialization of neural regions supporting cognitive tasks and/or a
inability to inhibit prefrontal response (Grady et al. 1995; Logan et al., 2@02séh et al.,
2007). For instance, Morcom, Li and Rugg (2007) found a similar pattern of neuralactivit
between young and older adults when source memory performance was matchdd throug
additional stimulus presentations. However, older adults showed fewer conceinientl-
related deactivations, consistent with the hypothesis of a decline in theneffiof
processing. An alternative hypothesis is that neural changes are arflofcuccessful
aging, such that recruitment in non-task related frontal regiompensatefor declines in
more posterior regions (Cabeza et al., 2002). Evidence supporting the compensatiah acc
has emerged from several studies showing that activation in task- and nonatesk rel
regions correlate positively with behavioral performance in older adults (©enal., 2008;
Rajah & D’Esposito, 2005; Rajah & MclIntosh, 2008; Reuter-Lorenz & Lustig, 2005). A third
hypothesis is that older and younger adults use different component processes to support
performance on a cognitive task (Morcom, et al., 2007). For instance, DaedagP006b)
found that although overall recognition accuracy was equated between age groups,
recollection contributed more to young adults’ retrieval, whereas oldesadliétd more on
familiarity. Unambiguous support for any of these viewpoints is a currenenfalin the
literature, and it is possible that more than one of these hypotheses can opetatertbdy)c
depending on the task employed.

An important question is whether neural changes are unique to cognitive tasks that
are impaired in aging, or whether neural differences will appear evenksrirtaghich no
difference is found behaviorally. One way in which this question has been examined has

been to equate behavioral performance by providing older adults with strategidgional
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stimulus presentations to improve their performance (e.g., Daseldar2€0éc; Marcom et
al., 2007). A caveat of such methods is that it systematically varies the encpdmatjons
undertaken by the two age groups, and subsequent retrieval differences become more
difficult to interpret. An alternative method is to compare neural activifgréifices on tasks
that are preserved in aging. Such studies overcome the common difficulty inyicdrether
neural activation differences are due to aging or to task performance. Gavembistantial
age differences found in a wide variety of cognitive tasks, very few studm@e\ethis
method. However, there is some evidence of neural activations differences evess o tas
preserved cognitive function. One example is from Grady et al. (1999), who fouitiérat
adults showed weaker MTL activity than young adults during incidental piatacelisg,
even though picture memory was not impaired in older adults on the behavioratgccura
measure. More recently, Bergerbest et al. (2009) compared older and youtiggapés on
a conceptual implicit speeded abstract/concrete judgment task in which nofeigandéd was
found behaviorally. Older adults showed less repetition-related deactivatefhinfeérior
PFC, but showed additional deactivations not shown by young adults in right inferior and
middle PFC, middle frontal cortex, and anterior cingulate. These additionatect
reductions in right frontal regions correlated with priming scores dsawelith independent
vocabulary scores, supporting the viewpoint that right (i.e., contralateral tg gouits)
PFC engagement is associated with successful aging.

Experiment 6 of the present series of studies investigated whether older agdryoun
adults would show a similar or different pattern of neural activity during impdiational
retrieval, using a task in which behavioral equivalence is expected. Thysdstciiments the

first fMRI analysis of implicit relational memory in older adults, coupleith\a within-
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subjects comparison with explicit relational memory that followed the sarooding

manipulation
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CHAPTER IX.
EXPERIMENT 1
The primary goal of Experiment 1 was to determine whether older adults bowd s
priming for new conceptual associations, using a novel speeded responsenp#ratiigas
designed to minimize strategic encoding or retrieval processes that difalctually
produce age differences. My approach was to use a paradigm based on McKoon #hd Ratcl
(1979). In their study, subjects first encoded a series of unrelated word péersthey
complete a speeded lexical decision task for words that appeared eithsrdadhgir
studied associate, or next to a different studied word. Associative priramgemonstrated
by faster performance for words within the intact pair relative to the t@oech pair. In the
present experiment, subjects performed an associative version of an obgfitaias task.
In the standard version, size judgments are made for presented objects rekast@idard-
sized referent object, such as a shoebox, and are later asked to make the semeagdairis
as quickly as possible (e.g., as used in Buckner et al., 1998; Dobbins, Schnyeltiey&fai
Schacter, 2004; Horner & Henson, 2009; Koutstaal, Wagner, Rotte, Maril, 2001; Schnyer,
Dobbins, Nicholls, Davis, Verfaillie & Schacter, 2007). The present experinmgioged an
associative version of this task. In the current paradigm, subjects judgednivethe
presented objects were, together, smaller than the referent objedt (halesr). The
implicit test was a speeded version of the same task, using intact (preseeteédrjpg
recombined (each presented but not together), and new object pairs, thus mirroring the

conditions in a prototypical associative recognition test. This task, desaribeaté detail



below, was selected for two reasons: 1) Incidental tasks are less likeintirational tasks
to invoke differential use of encoding strategies (Park & Gutchess, 2005); 2) &peede
response tasks are more likely than accuracy tasks to reflect autproagisses, based on
the assumption that automatic processes are engaged faster than dgrsmdeaied
processes (Horton, Wilson & Evans, 2001; Horton, Wilson, Vonk, Kiry & Nielson, 2005;
Yonelinas & Jacoby, 1994), and appear to be less prone to explicit contamination (Light et
al., 2000; Prull, 2004). If the associative memory decline in older adults stems diefini
in relational processing that affects both encoding and retrieval, then young butemot ol
adults will show associative priming. If, however, the associative memolipelstems
from a deficit in strategic retrieval of relational information, then redifferences in
associative priming will emerge.
Method

Participants

Thirty-six young adults (ages 18-2,= 18.5,SD=.77; mean education = 13.3
years,SD = .91) participated in partial fulfilment of a course requirement in an Intraducti
to Psychology course at the University of North Carolina at Chapel Hill. Tweutyolder
adults (ages 65-8™M = 76.5,SD = 5.6; mean education = 16.3 ye&@B,= 1.95) were
recruited from the local community and were paid $10 per hour. Prior to participagon, t
older adults received a general health screen completed a battery of neuragsyahigsts
to assess memory, language, attention, visuo-spatial abilities, and getediedtual
functioning. These tests included the Mini Mental State Examination (MMS&gyidan
National Adult Reading Test (ANART), Trail Making Test parts A and B,abotary from

the WAIS-11I, and the Morningness-Eveningness questionnaire. Mean scopastfoipants
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in Experiment 1 as well as all subsequent Experiments are listed in Table 1.
Design and Materials

The stimuli consisted of basic drawings of familiar objects taken from tb8bft
Online Clip-Art Database and the website http://www.clipart.com. The livarya were
colored in one of eight singular, plausible real-world colors (e.g., a blue cowthshae) to
maximize similarity across items on complexity and visual-percephaabhcteristics. The
colors were manipulated systematically using Adobe Photoshop. All maiteaes pilot-
tested for clarity of object depiction and for consistency in classificatgponse. Trials
consisted of two objects, presented side-by-5@lejects were randomly paired together with
the constraint that they did not have a pre-existing semantic relationshigl Ifatooss
subjects), each object appeared in either the left or right screen locatgua number of
times. Objects that appeared on the left at encoding also appeared on thetiedval,
regardless of whether it was presented in an intact or recombined pair. Eathvalsje
framed by a simple line box. Pairs were counterbalanced across retoadéions using the
Latin square method, although a few replacements were made so thatteachldgproduce
approximately 50% yes responses and 50% no responses to the classificatidmetask. T
counterbalance produced 12 study lists and 12 corresponding test lists composed of intact
recombined, and critical new object pairs. The study list began with 8 prpeiis followed

by 24 critical pairs, and ended with two additional buffer pairs to reduce reetfacts. The

' The study and test lists in Experiment 1 also included trials in which imigle scolored objects
appeared. None of these objects overlapped with objects in the asedaiaisv Questions related to
the single objects are being followed in a separate project. Foedsisn, the results and theoretical
analysis of the single object priming are not included in the present papesvet, for an accurate
methodological description it is critical to note that a single olgi@edition was included in
Experiment 1. On these trials, subjects were instructed to make a dtaizégudgment rather than
the associative version. At test, subjects completed a speedenhwdrdie same task. Subsequent
experiments did not include this condition.
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test list included the 24 study pairs, half of which were presented aspaiagtand half of
which were rearranged with each other to create recombined pairs, plus 24 dngitidad
new pairs. To decrease the likelihood that subjects would notice the overlap irutlie act
stimuli that were presented, 20 additional filler pairs were added to thEitkestpairs are
different from new pairs in that they are not counterbalanced and thus not included in
analysis, but they serve to increase the ratio of new to old trials and decreamangEion
from the subject’s perspective between the study and test portions of the erpe@irder
of the test pairs was randomized with the constraint that it began with levgéirs. The
experiment was presented on an Apple iBookG4 using the program MacStim (WhiteAnt
Occasional Publishing). All data were collected via computer key-press.
Procedure

Participants were tested individually in a quiet, enclosed room. After obtaining
informed consent to participate, the experiment was described as being conaénrabject
perception and knowledge. No mention was made of an ensuing memory test. Participant
were instructed to view the presented objects and decide, by pressing Y or N onghtecom
with their dominant hand, whether the objects would fit together in a desk drawer @ 1’ X
dimensions. A desk drawer of this size was provided for each participant’srdfezeince.
Instructions emphasized that the judgment should be based on the typical seaé&ldethe
presented objects. Each trial remained on the screen for 8000ms at which point thal next t
was presented. After the incidental deep encoding task, participants then edraplet
distractor task, in order to minimize recency effects or rehearsallleasviee connection
between the study and test portions of the experiment. The distractor task dafsiste

solving anagram word puzzles and lasted five minutes. After the puzzles weceedplle
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subjects completed the implicit retrieval test, in which they were asked fgeterthe object
classification task again, as quickly as possible, without sacrificing thesay of the
response. This task was described as being interested in how we make quiokslabisut
information in our environment. After a response was pressed for each trial,¢bts ogre
cleared from the screen and were replaced with a fixation cross, whicimeenoai the
screen until the next trial was presented, always 4000ms from the onset of tiegbribne
subjects were instructed to keep their eyes focused on the cross, because tia wextd
appear there, and this would make it easier to respond quickly.

Following the implicit test, an awareness questionnaire was adminigseed
Barnhardt & Geraci, 2008, for a recent positive assessment of the validitgef the
guestionnaires). Awareness questionnaires probe whether subjects werefaiva
connection between the study and tests portions of the experiment, and are typlalgd
in studies of implicit memory in order to test for the possibility of exptieiitamination.
Critically, prior findings in the literature suggest that it is not aness itself that affects
associative priming, but rather the adoption of an explicit retrieval sgrdtagmay occur
once subjects become aware of the study-test connection. McKone and Slee (1997)
compared performance on an associative lexical decision task betweetssubpewere
test-aware but who continued to follow the implicit test instructions, with subybcisvere
test-aware but who, upon awareness, altered their approach to the task anddatterapsd|
studied items directly. The authors found a difference in priming between Weegeoups,
with the former group producing the same pattern as those who were unaware, atet the la
group producing the same pattern as those who were explicitly instructedlttheestudied

words. Given these findings, those who reported awareness of the connection detween t
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study and test pairings in the present experiment were subsequently askieerthey
consciously attempted to think back to their prior responses during the spe&ded tas
Performance was later compared between those who did and did not claim to have used an
explicit retrieval strategy, so as to test for the possible influence atiexpintamination.
Results and Discussion

Priming scores were submitted to a mixed ANOVA, with pair type (intac
recombined, new) as a within-subjects factor and age as a between sabject#\f
significant effect was followed by planned comparisons between recondnidetew
conditions to determine item priming, and between intact and recombined conditions to
determine associative priming. These within-subjects comparisons eveteated separately
for each age group. Priming effects (i.e., RT differences and standard fr&speriment
1 and all subsequent experiments are listed in Table 10.

Mean accuracy for the classification task during the implicit testwggsfor both
age groups (young adults = 95.4%; older adults = 91.8%). Mean reaction times and standard
deviations for each condition on the implicit test are listed in Table 2, withrsutkie-/- two
standard deviations from the mean in each condition removed from analysis for each subj
There was a significant main effect of trial typ€4,116) = 25.28p<.001), indicating that
response times varied as a function of condition. There was no interaction bejeeam a
trial type ¢(1,116) = 1.07p =.347), indicating that the difference among the retrieval
conditions was not moderated by aB&nned contrasts revealed that significant item
priming was found for recombined relative to new pairs for both yout@&) = -2.45,
p<.05) and olde(t(23) = -2.17 p<.05) adults. Importantly, significant associative priming

was found for intact relative to recombined pairs in both youn(gs)(= -3.36p< .01) and
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older ¢(23) = -2.39p<.05) adults. There was a main effect of age on the RT data (i.e., older
adults demonstrated higher baseline RTs, consistent with general cogioitweg, see
Salthouse, 1996). As such, priming was also calculated as percent change &lome,baih
young adults producingn= 7.1% 6d= 1.4) decrease in reaction time for recombined

relative to baseline pairs and older adults produeing4.7% €6d= 1.3) decrease, with no
priming difference between the age groups using the measure of percent plra&gefFor
associative priming, young adults produced 6.3 % 6d= 1.1) decrease in RT from
recombined to intact pairs and older adults produeing7.4 % 6d= 1.6), with no

difference between the age groups;, .75.

Twenty-nine young adults reported having noticed a connection between the study
and test pairings. Of these, 11 of these subjects reported having used an ex@iat re
strategy to aid performance on the test. Twenty-three older adults reportaugribe study-
test connection, 7 of whom reported use of an explicit retrieval strategge Humbers raise
the concern that priming performance may have been mediated by explesgng. To
examine this possibility, test-awareness and reported strategyetsentered into separate
mixed ANOVAs as between-subjects factors, with RTs to the retroevalitions (intact,
recombined, or new) entered as a within-subjects factor. There was notiatebetween
retrieval condition and awareness of the connection between study and test pothens of
experimentf < 1, and no interaction between retrieval condition and the reported use of
explicit retrieval F < 1. However, given the small number of subjects when split into the
above subgroups, it is possible that these comparisons suffer from a lack of power to
determine reliable differences. For this reason, the pattern of reantesiias compared

between those who did and did not claim to have used an explicit retrieval strattgye a
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displayed in Table 3. The direction of performance was the same for both grobpR Twit
to intact pairs faster than to recombined, which were faster than baselise.artadyses
show that the pattern of priming performance did not depend on whether the participant
claimed to use an explicit retrieval strategy. These results stand iastdotthe pattern that
has emerged for other conceptual associative priming tasks (e.g., in McKone, & &),
and provide evidence that intentionally thinking back to prior responses is not useful for
performance in the present paradigm.

Lastly, when only the reaction times to accurate responses were inciutied i
analyses, the pattern of all reported results remained unaffected. This is neirgyrgiven
the near-ceiling levels of accuracy. However, it was critical to madeetbat neither age
group demonstrated a trade-off between speed and accuracy.

These results indicate that older adults can show priming for new condefeual
item associations using picture stimuli and a speeded, incidental task. 8boduage
groups were sensitive to the context change (i.e., the difference betweenndtact a
recombined pairs), the priming data provide evidence that the older adults didyinitiall
encode the associations. Although some have argued that a lack of ageidgfioniéng can
be a function of a lack of power, the raw RT difference score for both item prasiwgll as
associative priming was actually in the direction of being greatehdéoolt than young
adults. As such, insufficient power is an unlikely explanation for the lackeodliffigrences.
These data provide evidence against a general deficit in relational prochasi@gphasizes
impairments at both encoding and retrieval. Rather, they imply a role of cossxri
strategic retrieval processes in the typically observed age d&heise results fit with a

more general pattern in the literature of spared implicit or automatic pesaesaging
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(Light et al., 2000), even for conceptual-associative materials on whicleiexppairments
are often found.

Although the results of Experiment 1 are interpretable within this theoretical
framework, several components of the design merited follow-up. First, althoutgiskh&as
designed to assess object knowledge (i.e., typical size of the real-life ofijleet the size of
what was visually perceived on the screen), the finding of associative priming oasthi
leaves open two possible interpretations: 1) Associative priming may hanvelbeen by a
facilitation in making the conceptual size judgment; alternatively 2) Aatboe priming may
have been driven by a facilitation in visually perceiving the objects togetherfdrieereis
unclear whether associative priming on this task validly reflected émgagement of
conceptual, rather than perceptual, operations. Experiment 2 was designed induhes® a
these issues by examining whether the pattern of age equivalence woujé emar
semantic task that more validly assesses category knowledge. Exp&iatemincluded a
manipulation check to determine whether the pattern of reaction time perfermanld be
sensitive to changes in the perceptual form of the presented objects.

A second limitation of Experiment 1 was that, although the object classificasion t
was designed to be integrative by instructing participants to decide whethmsjects would
fit into the drawetogether it is plausible that the subjects reached their decisions by
engaging in a sequence of item-specific processes. That is, it is gahsibsubjects came
to each classification decision by deciding, first, whether the left obvadd fit, and
subsequently, whether the right object would fit. This would be especially prdldema
some trials, as certain individual items (e.g., a couch) could negate the nee@iteptyc

paired associate, and a nominally pair-wise response could be made simply asistoé b
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the first item. In turn, it is possible that some of the overall priming wasrdbiy&em-
specific, rather than relational, processing. Experiment 2 improved on this dotentia
limitation by using a categorization task that related the objects moratemtlsi to each
other. The task was changed from one in which both items of a pair are judgee telati
separate referent object, to one in which a relative judgment is made onlyrbdte/egtical
stimuli. This change made the task more relational, and precludes respondambasa
the representation of single items. Pilot-testing for the new task in Exgrerihvalso allowed
us to reduce the stimulus onset asynchrony to 6000ms.

Lastly, a goal of the present set of studies was to test whether impiziory for
conceptual associations could be dissociated from strategic, explicit teale@gsociative
processes. Although the age equivalence found in the preliminary experimens iangle
of conscious, strategic retrieval processes in the typically observedfaife ildoes not
provide direct evidence of this hypothesis. Importantly, some studies have shovgethat a
differences, even in explicit associative memory, can be minimized undemiadickdative
to intentional encoding conditions. Hogan, Kelley and Craik (2006) found that the interaction
between age and type of encoding was not driven by improved performance within olde
adults under incidental conditions; on the contrary, older adults showed no difference
memory following the two conditions. Instead, the interaction was explaingaumnger
adults benefiting more than the older adults following intentional encoding, withdbst in
the younger adults creating the appearance of an age effect. Such findiregs thagglder
adults can encode associations incidentally as well as young adults, eveestben t
explicitly. However, other findings have shown reliable age differences undeniel

conditions, albeit smaller than under intentional conditions (see meta-artahyoid &
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Naveh-Benjamin, 2008). Therefore, the effect of age on incidental encodingsaemealear.
For this reason, it was critical in Experiment 2 to include a within-subjeatparison with
explicit, associative recognition, in order to determine whether the typicdeatjae in
recognition accuracy is found using the same materials and following tieersadental

encoding task.
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CHAPTER XII.
EXPERIMENT 2
Experiment 2 tested three primary questions. The first question was whethge the

equivalence found in Experiment 1 would generalize to a new associative semantic
classification task, described in more detail below. The second question wasr\teethe
measure of associative priming validly reflected a facilitation ikingathe semantic
judgment, or whether it reflected a facilitation in processing sutéa@?; perceptual
information. Experiment 2 was designed to clarify this issue in two ways. Restpject
decision task changed to one that has been demonstrated in prior studies to be in®ensitive
changes in perceptual form. Specifically, the new associative seroatggorization was
which of two objects is more likely to be found inside a hdAis&em-level version of this
task was examined by Bruce, Carson and Burton (2000), who presented a differgriduiexem
of objects at study and test. This global change in perceptual form had no impact on the
amount of priming (measured as the speeded inside-outside judgment). The second way in
which Experiment 2 was designed to clarify differences between perceptuadrceptual
influences in the priming measure was to determine directly whethersihaats/e version
of this task is also insensitive to perceptual alterations. To serve as thmlaiion check,
some of the objects at test appeared in a different color than their initieigdform.
Because older adults have been shown to perform similarly to young adultsaf test

perceptual-associative priming (Light et al., 1992; Monti et al., 1997), it isatitio



determine whether associative priming in this task reflects, at tepatti the reengagement
of perceptual analysis.

The third primary question addressed in Experiment 2 was whether a withintsubje
dissociation would be found between conceptual associative priming and explottates
recognition. If so, this dissociation would provide more direct support for the hyjsotfies
spared conceptual implicit associative retrieval processes couplednpgired explicit
retrieval associative processes in aging. Moreover, an age diffenem@®gnition but not
priming following the identical incidental encoding manipulation would contratkct t
possibility that the typical age-related impairment in associativggngean is simply a
function of deficient intentional encoding.

Method
Participants

Thirty-two younger adults (ages 18-38,= 20.9,SD= 3.3; mean education = 14.8
years,SD=1.7) and 32 older adults (ages 61489 73.5,SD= 5.9; mean education = 16.8
years SD= 2.6) participated in Experiment 2. None of the subjects in Experiment 2 had
participated in Experiment 1. The young adults participated in partialrhefilt of a course
requirement in an Introduction to Psychology course at the University of Naithr@aat
Chapel Hill. Older adults were recruited from the local community andvest&l0 per hour
to compensate participation. Health screening and eligibility critemained the same as in
Experiment 1.

Design and Materials
Pilot-testing created ratings on a scale of 1-5 for each object astiarfunic

likelihood of being found inside a house. These ratings were used to construct object
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pairings, such that at least a two-point rating difference existed bepaged objects. This
system created pairs for which a consistent, but not necessarily obviouspuiside
judgment would be made on every trial. Trials consisted of two objects, presentbg-side
side. Each object was framed by a simple line box. In each task, the objedikelgrto be
found inside a house appeared on the left side of the screen in 50% of the trials and on the
right side of the screen in the remaining 50% of trials. Each objectivedlacation
remained constant from study to test. For the perceptual manipulation chea@ sec
version of all pairs was created in which each object appeared in a modified colooldrse
in both versions of the object pairings represented plausible real-wortd tmi@ach object;
thus, this perceptual manipulation did not affect the abstract conceptual négireseof the
object or its task-specific classification.

The first encoding list included 5 practice pairs followed by 30 critides pand
ended with 2 recency buffer pairs. The implicit test list included 10 counterbélantcal
new pairs plus the 30 studied pairs, 10 of which were intact, 10 of which were recombined,
and 10 of which were color-manipulated versions of pairs that were otherwise shidatq
together). The recombined trials were constructed such that an objeattigerelassification
status did not change from study to test; thus although the objects were presented in a new
context, the response mapping for each object remained constant. Twenty-threradddi
filler pairs were added to the list, which, like in Experiment 1, served tcasetest length
and the ratio of new to old trials in order to decrease the connection from the subject’s
perspective between the study and test stimuli. List order was randomthehe constraint
that it began and ended with two filler pairs. The second encoding list, to be dnaitihe

the explicit test, began and ended with two buffer pairs, and included 20 criticathair
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were not presented in the first two tasks. The explicit recognition test iddiuelee 20
encoded pairs, 10 of which were intact and 10 of which were recombined, plus 10
counterbalanced critical new unstudied pairs. Individual stimuli were unigaelto e
condition for individual subjects. Pairs were counterbalanced using the Latire Soedrod
such that, across subjects, pairs appeared in each condition an equal number of times. This
counterbalance produced 7 list versions for each task.
Procedure

During the first encoding task, subjects decided which of two presented otgects
more likely to be found inside a house. Subjects recorded their choice by pretssnthei|
or k keys (labeled as “left” and “right”) with their dominant hand. Each trrabieed on the
screen for 6000ms. This encoding task was followed by a three-minutetdistas& in
which subjects were asked to work on anagram puzzles. Subjects then completg@dichie im
test, in which they were instructed to complete the object decision task again, ag aglickl
possible, without sacrificing the accuracy of the response. After keyifyessesponse for
each trial, the objects were cleared from the screen and replaced wittoa fcxass, which
remained on the screen until the next trial was presented, always 4000misefromset of
the prior trial. Subjects were instructed to keep their eyes focused on the craaselibe
next trial would appear there, and this would make it easier to respond quickly. Thoit impli
test was followed by the awareness questionnaire. A second incidental ernaskings
next, which was set up identically to the first, with the exception that a nef agect pairs
was presented. After another 3-minute distractor task consisting of arithpratiems,
subjects completed the explicit, associative recognition test. Subjectsl\eaaie object pair

and were asked to decide whether the pairsgas together previousl8ubjects recorded
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their choice by pressing either the “i"" or “0” key, which were labeketlyas” and “No”
respectively. After a response was made, the objects were clearethéreorg¢en and were
replaced with a cross, which remained until the next trial was presentednvtbAa of
6000ms. Participants were told that if they did not make their choice within 6 seconds, the
next trial would appear; however, it was emphasized that they should feel freealbthe
time available to make their best decision.
Results and Discussion

Like Experiment 1, mean accuracy on the classification task was high for both age
groups (young adults = 97.6%; older adults = 95.3%). Data analysis for item andtassoci
priming involved the same procedures as in Experiment 1. Mean reaction times anal standa
deviations for each implicit trial type are listed in Table 2. Using &tBANOVA with trial
type (intact, recombined, recolored, and new) as a within-subject factor aad age
between-subjects factor, there was a significant main effect oyt for both youngK (3,
186) = 48.20p <.001), indicating that response times varied as a function of condition.
There was also a significant interaction between trial type and age ded3p,186) = 4.14,
p < .01). Planned follow-up pairwise contrasts were conducted to determine individual
priming effects as well as the source of the interaction. Significantataming (i.e., for
recombined relative to new pairs) was found in both you@t) = -5.26 p<.001) and
older(t(31) = -4.54p<.01) adults. When the age groups were compared with each other,
older adults in fact produced more item priming to an extent that was margigaliffcant
(t (62) = 1.78p = .080). Importantly, significant associative priming was found for intact
relative to recombined pairs in both youngé8l) = -2.99p<.01) and oldert(31) = -2.41,

p<.05) adults. When compared with each other, there was no difference in the amount of
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associative priming between young and older adphs,23. Lastly, no difference was found
between intact and re-colored pairs in young (34) or olderg= .70) adults, showing that
reaction times were not affected by the perceptual manipulation. Consigtefihdings
from Bruce, et al. (2000) who used the single item version of the inside/outsidfcelass
task, the comparison between intact and re-colored trials here indicated tigiseimsi
priming for either age group to the visual form of the objects.

Thus, the source of the interaction between trial type and age group in the omnibus
test appeared to be a function of greater item priming in the older adults. Giislippfor
this finding is that age differences might be magnified by the use of raw fReTedite as the
measure of priming, given the slower overall RTs in older adults. To examirmpo#sibility,
priming was also calculated as percent change from baseline, with gdulig producingn
=11.7% 6d= 1.3) decrease in reaction time for recombined relative to baseline pairs and
older adults producingn = 13.0% éd= 1.6) decrease. The difference between these was not
significant,p = .72. Thus, there was no age difference in item priming when using the
measure of percent change. For associative priming, young adults protdacé % éd=
1.0) decrease in RT from recombined to intact pairs and older adults produeia®® % &d
= 1.5), with no difference between the age gropps,74. Like Experiment 1, insufficient
power to detect reliable age differences is not a viable explanation for dlts,ras the raw
RT scores were in the direction of greater differences in old than yohisgpattern is
somewhat unexpected given that general slowing accounts (e.g., Salthouse, 1996) might
suggest that speeded access to semantic information may be impaired in agitey, despi
preservations in general semantic knowledge (e.g., Burke & MacKay, X89wgver, the

present data show that this general possibility does not impact priming tatsiegsthis
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paradigm.

We also examined whether priming was affected by the possible influeexplicit
retrieval, as assessed by the awareness questionnaire. Twenygumigeadults reported
having noticed a connection between the study and implicit test pairings, withesef t
subjects reporting use of an explicit retrieval strategy. Twenty-nder adults also reported
noticing the study-test connection, 11 of whom reported use of an explicit resticataly.
Using the awareness questions as between-subjects factors in sepedt@ANOVAS, test-
awareness and explicit strategy use did not participate in any signiétfects f<1) for
either question in either age group. Reaction times for each trial typemdtiari of explicit
strategy use were compared and are included in Table 3. The same overallvpast
produced by those who did and did not claim to use an intentional retrieval stratbgy, w
reaction times to intact pairs faster than to recombined, which weretfemtdnaseline. Like
Experiment 1, the pattern of priming in both age groups suggests that there isdiihited
of an explicit retrieval strategy for this paradigm. Lastly, a coroglat analysis was run
between associative priming and associative recognition scores, to deteineitier
subjects who demonstrated better recognition memory would also produce more priming.
There was no relationship between performance on the two tests in youngradult®,p =
.51) or old adultsr(= .04,p = .85).

For the explicit test, mean proportions of hits to intact pairs, false alarms to
recombined pairs, and false alarms to new pairs are listed in Tablmdasure of item
recognition accuracy was calculated as the proportion of hits to intact peatingereo the
proportion of false alarms to new pairs. Associative recognition accuxygalculated as

the proportion of hits to intact pairs relative to false alarms to recombinedAmstated
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earlier, this analysis method has been successful in isolating assomatnory from item
memory, because all the units within intact pairs and recombined pairs haveuokesh-st

the only difference between them is how the information was paired. If pantEipacode

both elements individually, but have difficulty integrating them together intthasive unit,
then hit rates to intact pairs will be high, but recombined pairs will likelyt &ise alarms,

and will in turn decrease accuracy. Using a mixed ANOVA with accurtsy {ersus
associative) as a within-subjects factor and age as a between sudgeuntsiiere was a
significant main effect of accurack (1, 62) = 1154.74p <.001). Follow-up pairwise
contrasts revealed that item accuracy was significantly higher $isagiative accuracyt (

(63) =30.12p <.001), although item and associative accuracy were each significantigrgrea
than zero in young(@1) = 32.27p<.001 and(31) = 6.46 p<.001, respectively) and older
(t(31) = 34.45p<.001 and(31) = 2.35p<.05, respectively) adults. Additionally, there was a
significant interaction between accuracy and age in the omnibu§& {@stq2) = 18.2p <

.001), indicating that the difference between item and associative @cevaa moderated by
age group. Follow-up contrasts revealed a larger difference betweearittassociative
accuracy in older adults relative to younger adul§]) = 4.24p <.001. Furthermore,

young and older adults showed no difference in hit rates to intact pard 9) or in false
alarms to new pairp(= .17), but young adults produced significantly fewer false alarms to
recombined pairs than the older adultf§2) = -5.73p <.001) This pattern produced an
interaction(F(1,62) = 18.19p<.001), such that the age groups showed no difference in item
recognition accuracyp(= .93) coupled with the typical benefit for young adults in associative
recognition accuracy(62) = 4.24p<.001. Although this interaction was significant,

interpretations are limited by the fact that item memory was at cédimgpth age groups.
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Thus, the present experiment cannot provide definitive support for a disproportionate deficit
in associative recognition relative to item recognition. However, a largeiiment in
associative memory than item memory has been reliably replicated inpreangus studies
(see Spencer & Raz, 1995 and Old & Naveh-Benjamin, 2008 for meta-analyses), and the
critical comparison for present purposes was between associative resogndiassociative
priming.

| also explored the possibility that the hit and false alarm rates on thetaxglasure
could have been influenced by reported use of an explicit retrieval strategyioplicé
measure. By design, the explicit test always followed the implicitifesibjects became
aware of the connection between the encoding and test stimuli, and if they catigeque
thought back to prior responses during the implicit test, this could influence the way the
approached the subsequent encoding task despite the incidental instructions. dhethis t
pairs, false alarms to recombined pairs and false alarms to new pairs aredoakeby
reported explicit strategy use status in Table 3. Interestingly, stndtegy use had a
negligible effect on the subsequent explicit test in older adults, it appeaysting adults
who used explicit retrieval on the implicit test had both higher hits as well as Fafge
alarms on the explicit test. This increase in both hits and false alarmsesdicat while
strategy use on the implicit test did not affect accuracy on the expliagures it did change
response bias in young adults such that they became more likely to endorse both old and new
pairs as “old.” This change in response bias has little impact on thenteapretation of the
age effect in the present experiment; however, variables that differngnffakt response
bias in young and old adults are an important avenue for future research.

In summary, Experiment 2 generalized the results of Experiment 1 to ardiffere
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semantic classification task. This pattern provides convergent evidencedraadlilts can
show priming for conceptual item-item associations using a paradigm ithates
potentially confounding strategic processes from both encoding and retrienadrtdntly,
although some studies have shown no or minimal age differences in explicit memory
following incidental encoding (Hogan, et al., 2006; Naveh-Benjamin et al., 2009)eenpr
incidental encoding manipulation was only associated with age equivalence oplibi¢ im
retrieval measure. In contrast, an age effect did emerge following theesaoaing task on
the explicit, associative recognition test, coupled with no difference on theat®gnition
test. The age-related dissociation between explicit and implicit mensorgues against
explicit contamination on the implicit task; if an explicit retrieval stggtwere to aid
performance on the implicit test, it would have benefitted the younger adulksn \ttie
associative recognition data, the age difference in accuracy was drivehdpyaporti-
onately high rate of false alarms to recombined pairs. This patternthtghe viewpoint that
the individual items are familiar at retrieval, but that the older adults cammoteslection
of contextually-specific attributes as well as young adults to rejemtigoed lures (e.q.,
Jacoby, 1999). Taken together, the results in Experiment 2 demonstrate that the lack of age
differences in associative priming cannot be explained only as a function zéleqti
incidental encoding. Rather, the results are consistent with a pattern of unthuaomatic
retrieval processes, such as implicit memory and item familiantyeanphasize a deficit in

the explicit, strategic recollection of associative information.
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CHAPTER XIlI
EXPERIMENT 3
As described earlier, the speeded response paradigm in Experiments 1 and 2 was

designed to be more likely to tap into unintentional, non-conscious response mechanisms
than the associative priming paradigms used previously in the literature. Thdeguiva
priming between the age groups suggests that performance on the implicit tasidees, |
not contaminated by explicit retrieval processes. However, many finidinigs young adult
literature have found difficulty in dissociating explicit associative mgnfrom conceptual-
associative implicit memory using standard tasks such as associativetem completion
(McKone & Slee, 1997; Schacter & Buckner, 1998). Specifically, when the tiomt
associations occurs via the semantic integration of distinct items, assopriming has
shown to be sensitive to encoding manipulations that affect explicit retriecagses, such
as levels-of-processing manipulations (Graf & Schacter, 1985; O’'HanloogX\&8 Kemper,
2001; Reingold & Goshen-Gottstein, 1996), or divided attention (Kinoshita, 1999), and has
sometimes found only for test-aware subjects (Bowers & Schacter, 1990).tGiw@attern
in the young adult associative priming literature, it was critical to geomore direct
evidence convergent with the age effect that performance on the presenenoéasur
associative implicit memory could not be explained by the involvement of explidésses.
For this reason, Experiments 3 was implemented in order to test whetheathe enef

implicit conceptual-associative memory used in Experiments 1 and 2 could becahypiri



dissociated from strategic, explicit conceptual-associative memopumgyadults. If so, this
would provide strong evidence against the possibility of explicit contarmmati

To determine whether a functional dissociation between implicit and expbaitory
might emerge using the priming paradigm, the effects of incidental vs. artahéincoding
were compared between associative priming and explicit, associaigmitean. Based on
findings in the item priming literature (e.g., Neill et al., 1990), | predidiatlihtentional
encoding would improve recognition performance relative to incidental encoding,gut thi
manipulation would have little or no impact on priming.

Method

Participants

Forty-eight younger adults (ages 18-RIL718.7,SD=.76; mean education = 13.0
years,SD =.83) participated in Experiment 3. None of the subjects had participated in either
Experiment 1 or 2. Subjects received credit for a course requirement in an Inoodacti
Psychology course at the University of North Carolina at Chapel Hill.
Design and Procedure

The stimuli and list set-up were identical to those used in Experiment 2. Tableari
of incidental versus intentional encoding was manipulated within subjects anditievaf
implicit versus explicit memory was manipulated between subjects. HEbgtsreceived
two study-test blocks, consisting of either incidental-implicit followednibgntional-
implicit, or incidental-explicit followed by intentional-explicit. The expeent began with
the incidental encoding task, in which subjects were asked to delcide of the two
presented objects was more likely to be found inside a hduaks remained on the screen

for 6000 ms, regardless of the timing of response. Following a 3-minute distesttohalf
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the subjects completed a surprise associative recognition test and Isalbjiets completed
the associative priming task. For associative recognition, partisigawed a series of
object pairs and were asked to decide whether the paseeagether previouslyOn the
priming test, participants were asked to complete the object categoriagk again, as
quickly as possible, without sacrificing the accuracy of the response. ffiegaktask was
followed by a second encoding task, in which subjects were asked to make the instiie/outsi
judgment a second time. They were additionally instructed that there woulddade
memory test, and that as they made their decision they should try to remembay the
which the objects were paired. After another 3-minute distractor task, sulgegiketed
either a second associative recognition task or a second associative paskinFollowing
the second associative priming task, subjects completed an awareness questiowtach
they indicated whether they noticed a connection between study and test stnaiwihether
they intentionally tried to think back to previous responses, on either (or both) versions of the
reaction time tests. To avoid potential contamination, an awareness questioisanat
administered after the first implicit test.
Results and Discussion

The results of the implicit test blocks are presented here first. Mearoretigtes in
each retrieval condition for subjects assigned to complete the implicit méssts are listed
in Table 6. As in Experiments 1 and 2, outliers of +/- two standard deviations fromdhe me
in each condition for each subject were removed from analysis. There wasieasit
overall effect of implicit trial type following both the incident&l (2,46) = 25.49p< .001)
and intentionalK (2,46) = 10.11p< .001) encoding conditions, showing that reaction time

varied as a function of trial type. Importantly, there was a significagaiction between
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implicit trial type and encoding conditiorf; (2,46) = 14.25p< .001), showing that the
overall pattern of priming differed between incidental and intentional encodarme®l
contrasts between each pair of trial types revealed the following pattiendiofs: No
difference was found for baseline reaction time to new pairs on the impiciia®veen
incidental encoding (RT = 1163 ms) and intentional encoding (RT = 116 ms30.
Following the incidental condition, significant item priming was found (i.e.tdoombined
relative to new pairs}(23)=-4.22 p<.001, as well as significant associative priming (i.e., for
intact relative to recombined pair§23)=-2.67p = .01. Following the intentional encoding
condition, significant item priming was again obsery¢2i3j=-5.41,p<.001). Importantly,
however, no associative priming was foupsd,86.

The remaining 24 subjects who did not complete the implicit test blocks were
assigned to the explicit test block condition. Mean proportions of hits to intact plses, fa
alarms to recombined pairs, and false alarms to new pairs are listdaler6TAs in Exp. 2,
item recognition accuracy was measured as proportion of hits to intachpaus proportion
of false alarms to new pairs, and associative recognition accuracy wasedessur
proportion of hits to intact pairs minus proportion of false alarms to recombined pairs. The
encoding manipulation had no impact on item recognition .65), with .84 $E=.06)
accuracy following incidental encoding, and .8%& ¢ .05) accuracy following intentional
encoding. This nonsignificant difference is not surprising, given the neanecleliel of item
recognition accuracy, and moreover, given that the intentional instructions éreghas
focusing on the way in which the objects were paired. This coincides with previous studie
showing that when subjects are instructed to focus attention on associativespattieg

than individual item units, associative recognition greatly benefits, withdittno impact on

71



item recognition (Hockley & Cristi, 1996, Naveh-Benjamin, 200@)portantly, associative
recognition accuracy was significantly improved when moving from incitlentading
(accuracy = .225E=.047) to intentional encoding (accuracy = 8&,=.052),t(23) = -2.87
p< .01.

On the awareness questionnaire (administered only after the second iregtlioiit
inquiring about both tests), 21 subjects indicated having noticed the connection between the
encoding tasks and the subsequent reaction time tasks. Of these, 15 subjects ihdicated t
they attempted to use an explicit retrieval strategy to aid perfornasmites first implicit
test, and an additional 2 subjects (i.e., 17 total) claimed to have used an expégdlretr
strategy on the second implicit test. The magnitude of associative priming dipeatidm
having claimed this explicit strategy for the incidental conditpn.{8) or for the
intentional condition = .76).

It is uncertain, based only on the data in Experiment 3, what cognitive mechanism
underlies the dissociative effect of incidental versus intentional encodingptioiirand
explicit associative memory. One possible explanation for the disruptechgrisrthat
intentional encoding more closely overlapped with the cognitive operations involved in
explicit relative to implicit retrieval. Increases in the overlap in dbgnbperations from
study to test is often shown to improve memory performance, according tiplesnaf
transfer-appropriate processing (though see Masson & MaclLeod, 2002, arghM&lli
Dew, 2009, for examples in which TAP does not account for memory performance).
Additionally, cues (both internal and/or external) available at encoding cafitb@emory
performance if available again at test (encoding specificity precgale Tulving &

Thompson, 1973)n the present study, the intentional encoding instructions were open-
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ended, such that subjects could have adopted myriad cognitive strategies at ekooding
instance, consider the situation in which subjects adopt an encoding strate@gtinfae
sentence or a visual image that meaningfully links the two objects. If suthjedtdack to
that sentence or image at test, the reengagement of this cue should aid itioacogni
However, thinking back to a sentence or image would likely not aid performance on an
“unrelated” implicit object classification test, such that taking tme tio recall an internally
generated sentence or image would likely slow down, rather than enhance spegoihskres
(see also Horton et al., 2001).

In summary, although future data are needed to delineate what drives ihatedim
of associative priming following intentional encoding, Experiment 3 provides strong
evidence against the possibility of explicit contamination in the paradigrtoged. While
moving from incidental to intentional encoding elicited a large improvementagciatise
recognition performance, the same experimental manipulation elimiregedative
priming. This dissociation demonstrates that functional independence betweeit angli
implicit associative memory can be found using the speeded classifiparadigm.
Although the present experiment demonstrated this effect in young adults, dt lveoot
substantial theoretical interest in future research to determine wietltental versus
intentional encoding has a similar effect on older adults. More generallgvieowhe results
suggest that prior evidence of functional similarities between asseqmiming and explicit
memory (e.g. McKone & Slee, 1997; Schacter & Buckner, 1998) may haveedflec
processes specifically involved in the selected tasks, and do not reflectaneraldeatures

of conceptual associative implicit memory.
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CHAPTER XIV

EXPERIMENT 4

Experiments 4 and 5 examined the status of rapid response learning, a complementary
form of incidental associative processing that has received much rdeatibatin the
literature, especially in regards to speeded classification tasks (3adttal., 2004; Horner
& Henson, 2008, 2009; Schnyer et al., 2006, 2007). The first goal of Experiment 4 was to
determine whether healthy older adults show evidence of rapid response learhengamé
extent as younger adults. As described previously, studies of associatiogynie aging
(e.g., Naveh-Benjamin, 2000) have provided strong evidence that older adults have an
impairment in the formation and retrieval of associative links, especialtygdimtentional
encoding and retrieval tasks. However, there have been mixed findings as taithefstat
incidentally formed associations, with incidental associative processmetisnes preserved
in older adults (e.g., Hogan, Kelley & Craik, 2006) and sometimes impaired (Old/&hNa
Benjamin, 2008). Thus, testing rapid response learning is an important way to dethamine t
extent of the associative deficit in older adults. Of note, Schnyer et ab)({f2QMd that
while reversing the decision cue reduced priming in young adults (i.e., deatimgst
response learning), cue reversal did not impact priming in MTL-amnesiatsat Istudy,
healthy age-matched controls (n=12, mean age = 55.1 years) showed evidermenseres
specificity with high-primed items but there was not a significant primaxdgction for low-
primed items. Although this could indicate that the controls required multiple presesta
in order to bind together the items with their response, it is unclear wheigaifigant

priming reduction following only one stimulus presentation might emerge usink s



accesses a pre-existing category.

A second goal of Experiment 4 was to determine whether prior findings of rapid
response learning in young adults (Dobbins et al., 2004; Horner & Henson, 2008; Schnyer et
al., 2006; 2007) would generalize to a new speeded classification task. In the majority of
previous studies, the task instructed participants to decide whether the predgetewas
bigger or smaller than a shoebox. Horner and Henson (2009) observed that size, in this
context, does not reflect a pre-existing category but rather a reladigeent that is assessed
only during the experimental setting. Thus, it is possible that such a classifieesk would
maximize the likelihood that an episodic association would be formed between theaobjec
the task-specific response. In contrast, a classification task thatmalie on prior semantic
knowledge may be less likely to produce as strong an episodic association, and could in turn
reduce the effect of rapid response learning on priming. Horner and Henson (2008abse
that size, in this context, does not necessarily reflect a pre-existegpoabut rather a
relative judgment that is assessed during the experimental settingitityp®ssible that
such a classification task would maximize the likelihood that an episodic agsowiatild
be formed between the object and the task-specific response. In contiastifecation task
that relies more on prior semantic knowledge may be less likely to producerasan
episodic association, and could in turn reduce the effect of rapid response learning on
priming. Horner and Henson (2009, experiment 2) showed that cue reversal reducegl primi
using a man-made versus natural decision task, providing a generalizationled$iRg to
a classification task more dependent on prior semantic knowledge. The presentenperim
tested whether cue reversal reduces priming using the inside/outsgifcaltasn task.

Before testing the status of rapid response learning on the associasioa eéithis speeded
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classification task (Experiment 5), Experiment 4 first tested whetheeeveesal would
reduce priming using a single item version of the task.
Method

Participants

Twenty-four younger adults (ages 18-25 yelits; 20.0,SD= 2.1; mean yrs
education =13.95D= 1.6) participated in partial fulfillment of a course requirement in an
Introduction to Psychology course at the University of North Carolina at CH#pel
Twenty-four older adults (ages 64-85 yedds; 73.8,SD= 7.3; mean yrs education = 16.6,
SD= 2.1) were recruited from the local community and were paid $10 per hour to
compensate participation. Eligibility criteria remained the sameeggritr experiments.
None of the subjects had participated in Experiments 1-3.
Design and Materials

The stimuli consisted of the same colored line drawings of familiar oljettsvere
used in Experiments 1-3, with the exception that only single objects were ptksatiter
than pairs. In total, there were 140 objects which were counterbalanced udiagrthe
Square method across two study-test blocks, one in which the implicit test requisachthe
classification response as at study and one in which the decision cue was revessed. T
counterbalance produced 4 list versions for each task. Half the subjects werelyandom
assigned to complete the same-cue block first and the other half compéeteddrse-cue
block first. The stimuli were divided pseudo-randomly with the constraint thiatlisaic
produced approximately 50% yes responses and 50% no responses to the class#utati
Each of the two encoding lists began with 4 practice pairs (in which the egpéeincould

provide feedback to ensure adherence to the instructions), followed by 2 primacy, l3Hfer
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critical trials, and ended with 2 recency buffers. Each of the two rdthstgaincluded the 35
studied trials and 35 baseline critical new trials, plus 28 filler trials émaéd to decrease the
connection between the study and test portions of the experiment. Order of Haérsestis
randomized with the constraint that it began and ended with two filler Diafgg the
encoding tasks, trials remained on the screen for 6000ms regardless of th@timing
response, after which the next trial was presented automatically. Doeimgttieval tasks,
trials disappeared from the screen as soon as a response was pressed, aptheetdy a
crosshair which remained on the screen until the onset of the next trial, with|& total
4000ms. The experiment was presented on an Apple iBookG4 using the program MacStim
(WhiteAnt Occasional Publishing).
Procedure

Participants completed the experiment individually in a quiet, enclosatjtestim.
After obtaining informed consent, the experimenter explained that subjeetgoirg to
complete a series of activities concerned with how we perceive and ckassifylay objects
and how this relates to problem solving abilities. The experiment began with the firs
encoding task. Subjects were instructed to view each object and decide, gpres&ieys
labeled as “yes” or “no” (the z and x keys) whether the object is typicalhydfinside a
house Patrticipants were told that they should respond “no” for objects that posiblybe
found inside a house but aggically found elsewhere (e.g., a basketball). Following the
encoding task, participants completed a four-minute distractor task consiséinggram
puzzles. For subjects assigned to complete the same-cue condition first tttaskeras the
speeded classification task in which they were instructed to make the sasmences

earlier, as quickly as possible, without sacrificing the accuracy oéponse. The second
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encoding task was completed next and was identical to the first with the erdbyati a new
set of objects was presented. Another four-minute distractor task was @&t and
consisted of arithmetic puzzles. The second implicit retrieval task follaveainpleting the
reverse-cue condition, participants were instructed to view the presentets ainj@ decide
whether each object is typically found outside a house.
Results and Discussion

Mean reaction times and standard deviation for each condition are displayed in Table
7. Outliers of more than two standard deviations from the mean were removed from each
condition for every subject. Similar to other studies of response learning (engri8or
Henson, 2009; Schnyer et al., 2007), only correct (i.e., consistent) responses werd include
analyses. The removal of outlying and inconsistent responses resulted ioltiseoexof
3.6% of the total trials in young adults and 5.2% of total trials in old adults. Coligipsth
retrieval tasks, older adults had slower baseline reaction times than yodulge ¢@6)=-
3.65,p =.001), consistent with general cognitive slowing (Salthouse, 1996). Using a mixed
ANOVA with baseline reaction times (same-cue versus reverseasugvithin-subjects
factor and age as a between-subjects factor, there was a significatlt @éect of cue
reversal on baseline reaction timeg}, 46) = 14.74p <.001, demonstrating a cost
associated with task switching, consistent with trends in some previous stuglieSdenyer
et al., 2007). There was no interaction between age and switchrFeadtsk-ollow-upt —tests
showed more specifically that young adults produced slower responses to baaddiire t
the reverse-cue condition relative to the same-cue condi{Z8)£-3.59,p<.01). Cue
reversal similarly affected older adults, to an extent that approachedcsigod {(23)=-

2.00,p=.057).
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Priming was measured as a decrease in reaction time to studied lxiale te
baseline critical new trials, and rapid response learning was measureecasasé in
priming for cue reversal relative to when the cue remained the same fronicstast. As
with the prior experiments, mean priming effects are presented in Tableidg.d &way
ANOVA with factors of age, priming (i.e., old vs. new), and cue condition (i.e., same vs.
reversed), there were significant effects of primikg(l 46) = 67.84p <.001) and cue
condition € (1, 46) = 31.20p < .001). There was a significant interaction between priming
and cue conditionH (1, 46) = 11.40p < .01), with larger priming effects for the same-cue
relative to reversed-cue condition. There was no interaction between primiageagd 1),
or between cue condition and afe<1), and no three-way interaction between priming, cue
condition, and age<< 1). In summary, both young and older adults demonstrated
significant priming (relative to zero) in same- and reversed-cue comslitas well as a
significant priming reduction in the reverse-cue condition. These results demetisat
both age groups formed an episodic association between the objects and their thsk-spec
response.

Experiment 4 showed that young and older adults demonstrated equivalent priming
on the speeded classification task in the same-cue condition, consistent withsfilndm
Experiment 2. The finding of age-related preservations in same-cue prénmgadrtant for
present purposes because reductions in priming following cue reversal caibbtedtto S-

R learning rather than to an age-related difficulty in the classditaecision. Indeed, the
results showed that priming in both young and older adults was equally affeacted by
inversion, demonstrating rapid response learning in both age groups. The equivalent impa

of cue reversal on both age groups indicates that the older adults were able to form the

79



stimulus-response association spontaneously and as quickly as the young adpkstefine
of rapid response learning was produced on a new semantic classification tacskdbseaa
pre-existing knowledge category that is possibly less ad-hoc thane¢hadgment task used
in prior studies (see also Horner & Henson, 2009, for a similar finding). The @ducti
priming observed in the present study demonstrated that, on this task, only one stimulus
presentation was necessary for participants to form an episodic assdo#ti@en the
object and the response required for that object, for both young and old adults. These
findings present a new example of a form of associative processing thaes ispaging,
and fit with the recent suggestion that despite marked age-related impaimraaisy
measures of associative memory (Naveh-Benjamin, 2000), not all forms ah#igsoc
processing are equally affected by aging (Old & Naveh-Benjamin, 2008).

However, an alternative possibility for the age-equivalence found in Experdime&nt
that the formation of association between a single stimulus and its reqsipedse may
have been too simple to detect reliable differences. There is evidence from khreywor
memory literature that age-related impairments in feature bindingparpounded by
cognitive load (Mitchell, Raye, Johnson & D’Esposito, 2000a), with memory perfoemanc
declining even when the number of features increased from one to two. Furthermore,
Gagnon, Soulard, Brasgold, and Kreller (2007) found a direct correlation, witheolalés’
memory for contextual details (e.g., color or size) decreasing as the noinfibatures
increased, a finding that was attributed to decreased attentional resdtrseésterpretation
fits with complementary studies (Braver, Satpute, Keys, Racine &Ba@o5; Glisky,

Rubin & Davidson, 2001) that highlight the importance of frontal lobe functioning in the

encoding and maintenance of context information. The negative correlation between
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relational complexity and performance (Gagnon et al., 2007; Mitchell et al., 200§g9sts
that in a more complex classification paradigm, older adults may have fewessinac
resources than young adults to form a stimulus-response association with onignahes st

presentation.
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CHAPTER XV
EXPERIMENT 5

Experiment 5 tested whether age differences in rapid response learning meuig e
in a more complex speeded classification paradigm, specifically one thedesspeming of
novel associations. Experiments 1 and 2 showed that on a speeded associativattassifi
task using intact and recombined pairs, older adults produced as much priming as young
adults. However, it is unclear whether forming an associative link betlveabject stimuli
occurred at the expense of an additional link between the stimuli and their tasktadsoc
responses. Furthermore, there is evidence that older adults’ relationalynpErformance
declines with the number of features to be associated (Gagnon et al., 2007; Mitahell
2000a). For this reason, while both age groups would likely show associative priming when
the cue remains the same, it was possible that only young adults’ assqaiating would
be impacted by cue inversion.

Experiment 5 also contributes to the young adult literature in its assessnteant
effect of rapid response learning in associative priming. The vast majbrégearch in
rapid response learning has been examined in terms of item (i.e., repetit@nypi o date,
the only example of an associative decision task that was used to testistieggonse
learning is from Dennis and Schmidt (2003). In their study, subjects viewed pairs of
unrelated words (e.g., elephant-jeep, desk-flowerpot, thimble-squirrel) eiggdevhich
was larger. Later, reaction times were compared for trials irpairenatch condition

(recombined items that required the same item-specific response, e.gqdesk) with a



re-pair mismatch condition (recombined items that required the opposite iteifiespe

response, e.g., desk-jeep). Reaction times were faster for the negpetr condition relative

to the re-pair mismatch condition. This finding coincides with the recent studigsiof r
response learning (Schnyer et al., 2007; Horner & Henson, 2008, 2009), in that performance
was facilitated for trials in which subjects could rely on prior item-spe@ponses.

Because Dennis and Schmidt (2003) used a size judgment, however, the paradigm is
potentially limited by the same characteristic of other size @leason tasks, in that the

semantic decision is rather extemporaneous, thus perhaps maximizing thelpiotenétion

of an episodic association. The present study tested whether response {gautihignpact
priming using the associative version of the inside/outside judgment.

Additionally, as described in the previous experiments, the set-up of an associative
priming paradigm that uses intact and recombined pairs also offers a comjalgnmeeasure
of item priming. Specifically, because both constituent objects in the recairmnehave
been seen previously, facilitated task performance for recombineaged¢tahew pairs
provides a measure of item memory in the absence of associative memory. Althisujh t
difference can be interpreted to represent item priming, this form of iiemmgrdiffers
critically from standard versions of repetition priming, in that the (pai, the complete
stimulus) is not actually repeated from study to test. Importantlyd rapponse learning has
as of yet only emerged when the stimulus is repeated in its exact form. FocénSahnyer
et al. (2007) found that cue reversal did not reduce priming when a different objeptaaxem
was presented at test, even though the task-specific classification shouldyrmtweeen
different exemplars. Given this finding, Experiment 5 tested the possthidit an

instantiation of item priming that does not involve whole stimulus-level regetitight not
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be affected by cue reversal.

Method

Participants

Thirty-two young adults (ages 18-22 yedvsz= 19.7,SD= 1.2; mean yrs education =
12.8,SD= 1.2) and 32 older adults (ages 65-83 yddrs,72.1,SD= 6.1; mean yrs
education = 16.45D = 2.2) participated in Experiment 5.None of the subjects in Experiment
5 had participated in prior Experiments. The young adults participated in palfilmhent
of a course requirement in an Introduction to Psychology course at the Universitytiof Nor
Carolina at Chapel Hill. Older adults were recruited from the local commamatyeceived
$10 per hour to compensate participation. Health screening and eligibikyecregmained
the same as previous experiments.
Design and Materials

The stimuli were the same as Experiment 2, with objects presented ssitiebizike
Experiment 4, half the subjects were randomly assigned to complete the saphackdrst
and the other half completed the reverse-cue block first. Each of the two encdding lis
included 4 practice pairs followed by 20 critical pairs, and ended with 2 receriey jpaifs.
Each corresponding implicit test list included 10 counterbalanced critical nesappes the
20 studied pairs, 10 of which were presentemhi@st pairs (i.e., presented together
previously), and 10 of which were rearranged with each other toremombined pairsThe
recombined trials were constructed such that an object’s relativeicktssn status did not
change from study to test. Thus, although the objects were presented in a new ttantext

response mapping for any given object remained constant. Twenty additlenphirs
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appeared on each implicit test, which, like in Experiment 1, were not included in aralyse
served to increase test length as well as the ratio of new to old trials. Thefdrdds on
the implicit tests was randomized with the constraint that it began and endedavitler
pairs. For the study task, objects remained on the screen for 6000ms regdritiessning
of response, after which the next trial appeared automatically. For phieiirrask, objects
were cleared from the screen after the subject’s response and weredreplhcefixation
cross, which remained on the screen until the onset of the subsequent trial, withtardonsis
ISI of 4000ms.
Procedure

For the encoding task in the same-cue block, subjects were told to view daaindtria
decide, by pressing the buttons labeled as “left” or “right” (the j and k kéyish of the two
presented objects was more likely to be found inside a hBubgects were asked to use
their dominant hand to press both buttons. The encoding task was followed by a three-minute
distractor task consisting of anagram puzzles. Subjects then completed ¢ésp@ualing
implicit test, in which they were asked again to decide which object was mdyetdikee
found inside a house, as quickly as possible without sacrificing accuracy.tSugee told
that a fixation cross would appear after they key-pressed their respondetahey should
keep their eyes focused on the cross, because the next trial would appear therenamdicthis
make it easier to respond quickly. For the reverse-cue block, the encoding procasiure w
identical to encoding in same-cue block. After a distractor task consistarglohetic
problems, the reverse-cue implicit test asked subjects to decide which of theawats wlgs
more likely to be foundutsidea house.

Results and Discussion
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Mean reaction times and standard deviations for each retrieval condition are
displayed in Table 8. Outliers of more than two standard deviations from the mean were
removed from each condition in each subject, and only correct responses were imcluded i
analyses. These procedures yielded 4.8% of trials excluded in young adults and 6.1%
excluded in old adults. Like Experiment 4, older adults had slower baseline RTs than
younger adults when collapsing across cue conditi¢i®&)€ -6.69,p<.001). Using a mixed
ANOVA with same-cue and inverted-cue baseline (i.e., new trial) oceatithes as a within-
subjects factor and age as a between-subjects factor, there was notcastgmkrall effect
of cue reversal on baseline reaction tinfegl( 62) = 1.55p = .22), nor was there a
significant interaction between switch costs and &gel(. Thus, unlike Experiment 4, there
was no evidence of task switch costs in either age group. Although this presefeieatdif
pattern from Experiment 4, such mixed findings are not inconsistent with the @iature:
task switch costs are sometimes found (Schnyer et al., 2007, Exp. 1 block 2), and sometimes
there is no baseline difference between same-cue and inverted-cu&aindgdr et al.,

2007, Exp. 1 block 1). Baseline trials in both the same and inverted trials were slower for
both age groups in Experiment 5 relative to the identical conditions in Experimensib)ypos
suggesting that the associative classification is more difficult thatetneevel version.

Item priming was measured as RTs to baseline critical new trials miraitoR
recombined trials. Rapid response learning was measured as a primingretuc¢he
reverse-cue condition relative to the same-cue condition. As with the previousrexjs,
mean priming effects are listed in Table 10. Using a 3-way ANOVA faittors of age, item
priming (recombined versus new) and cue condition (same versus reversed), thare wa

significant effect of item primingHq(1, 62) = 115.15p < .001), with reaction times faster for
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recombined trials than new trials. There was also a significant effeate conditionk (1,
62) = 4.51p <.05), with overall reaction times in the reverse-cue condition slower than in
the same-cue condition. There was a significant interaction between itemgoand ageK
(1, 62) = 7.34p <.01), with in fact more item priming in the older than young adults. This
age difference is likely a function, at least in part, of the slower baselaction times in
older adults; when priming was re-calculated as a function of percent dnamgeaseline
(i.e., rather than RT difference), there was only a marginally signifaggntifferencet (62)
=1.82,p=.07), with 11.3% change in young adults and 17.4% change in older adults. Still,
the finding of more item priming in the older adults was not eliminated when using the
measure of percent change. Unlike Experiment 4, there was not a signifteaattion
between priming and cue conditida (L, 62) = 1.53p =.22). This finding implies that a
high degree of repetition specificity may be a necessary criterioaga response learning.
Importantly, there was not a significant interaction between condition andage (g <),
indicating that no age difference in the magnitude of task switch costs., lthstly was not a
significant 3-way interaction between priming, cue condition, andfafk 62) = 2.55p =
.12), demonstrating that the effect of cue reversal on priming was not moderaigel by
Associative priming was measured as response times to recombineditrigds m
response times to intact trials. Using a 3-way ANOVA with factoesgef associative
priming (intact versus recombined trials) and cue condition (same-cue vevetse-cue
trials), there was a significant overall effect of associative prifir(@d, 62) = 6.34p =.01),
with faster reaction times to intact relative to recombined pairs. Theralg@a significant
effect of condition, (1, 62) = 21.02p <.001), with overall RTs slower in the reverse-cue

condition relative to the same-cue condition. There was no interaction between age and
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associative primingH <1), showing that both age groups encoded the novel association
between the object pairs and were sensitive to the context change. There waaetiomte
between age and cue condition that approached signific&nk,§2) = 3.82p = .056),
indicating that task switch costs for the studied trials (i.e., collapsed atrastsand
recombined) were relatively larger in older than younger adults. Importdrghg was a
significant interaction between condition and associative primingl,(62) = 3.94p = .05),
showing that cue reversal significantly reduced associative primirigw~op t-tests
revealed that cue reversal in fact eliminated associative priming in b®tjragps: priming
was significantly greater than zero in the same-cue condition in yo(8i) E 2.51p <.05)
and older{(31) = 2.55p <.05) adults, but was not significantly greater than zero in the
reverse-cue condition in either younm=.73) or old (.64) adults. Indeed, in the omnibus
test, there was no 3-way interaction between condition, associative priming.eaffd<ag,
showing that the effect of cue reversal on associative priming was not modylage. b
Experiment 5 thus extended the pattern of response specificity to another tipailniss
response learning, and can be seen as consistent with the difference betwe@aithe r
match and re-pair mismatch conditions from Dennis and Schmidt (2003).

The pattern of equivalent associative priming in the same-cue condition teplica
findings from Experiments 1 and 2, and shows that the older adults were able to form an
associative link between unrelated objects as well as young adults unioheidbatal
encoding condition. Importantly, inverting the decision cue disrupted associatvegto a
similar extent in both age groups. It is therefore unlikely that the paiteapid response
learning in Experiment 4 emerged only because of the simplicity of the giar.addi contrast

with prior findings in the literature in which age-related memory performaasedisrupted
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by an increased number of features (Gagnon et al., 2007; Mitchell et al., 2000a)dolier a
formed a stimulus-response link even when required to form an additional association
between the object stimuli. Although one could argue that the lack of associatirggprim
was not due to stimulus-response learning but rather reflected insufficiedirenof the
association between the object stimuli, this possibility is unlikely. The emgodinditions
were identical under both the same-cue and reversed-cue conditions, with thé tiveler o
blocks counterbalanced across subjects. It was only when the retrievaltiosswere
manipulated that priming was affected; therefore an encoding explanationesaiulet
Rather, the retrieval manipulation in Experiment 5 highlights stimulus-respessing as a
mechanism underlying priming in this paradigm, consistent with recent ingrpnst of
repetition priming (Dobbins et al., 2004; Horner & Henson, 2008, 2009; Schnyer et al., 2006,
2007).

Of note, the lack of age differences in associative priming and in rapid respons
learning presents an important difference between healthy aging andiviiésia. For
instance, while Schnyer et al. (2006) found that repetition priming in patients with MT
damage was unaffected by cue inversion, priming in the healthy older adalisdse
affected to the same extent as young adults. Although both populations have bebadiescr
as having a deficit in associative processing, the impairments may haventi$taueces.
There has been some evidence that the medial temporal lobes are ralatitdgted by
healthy aging, despite marked impairments in this region in conditions of patlabiagicg
such as Alzheimer’s Disease (e.g., Head, Snyder, Girton, Morris & By@o@bs). Instead,
the associative deficit in older adults may stem from impairments in thremtadfcortex

(PFC) (Head et al., 2005), which is involved in the strategic organization or maioipwaiat
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associative features (Buckner, 2003; Dobbins, Foley, Schacter & Wagner, 200ay, or m
stem from impairments in the circuitry between the PFC and the hippocampusvgi-Na
Benjamin & Lindenberger, 2005; Mitchell, Johnson, Raye & D’Esposito, 2000b). The effect
of aging on the roles of MTL and PFC during associative memory is examinedilnrdet

Experiment 6.
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CHAPTER XVI
EXPERIMENT 6

Experiment 6 used fMRI to examine the neural basis of implicit and explicit
associative memory in young and older adults. Experiment 6 had several gaadsngnc
distinct motivations and hypotheses for the two age groups. These goals abedesdurn
below, beginning with the young adults.

The first goal was to examine the role of MTL regions during impliciteredti of
new associations. As described previously, very little is known about the neural basis of
implicit associative memory. However, fMRI studies to date converde wit
neuropsychological studies (Carlesimo et al., 2003; Ryan et al., 2000) that positbrefee
of the MTL in associative memory at both explicit and implicit levels of aness.
Interestingly, the precise nature of MTL involvement in associative primiogrrently
controversial. While a study of unaware semantic associative retrievalethaetive
bilateral hippocampus and right perirhinal cortex (Henke et al., 2003), a study afrenaw
perceptual associative retrieval obserdedctivationsn right parahippocampal gyrus (Yang
et al., 2008). Given these findings, Experiment 6 tested the possibility that thesMT
differentially engaged during conceptual versus perceptual assogatiag.

The associative speeded classification task from Experiments 2, 3, andiSedds
assess associative priming. Of note, using a standard (i.e., non-assogpegeded response
paradigm in which subjects made size judgments, Koutstaal et al. (2001) dicanpared

conceptual and perceptual priming of pictured objects. Neural activity was cohfipare



repeated relative to novel trials (i.e., repeated conceptual judgment)] as Veglrepeated
trials relative to trials with a different exemplar of the same ohiject & perceptual
manipulation). Repeated relative to novel trials and repeated relative terH{éxemplar
trials were associated with reductions in neural activity in severbkdfame regions:
bilateral inferior and superior frontal regions, parahippocampal gyrus, fusgpmus,
precuneus, and posterior cingulate (see also Buckner et al., 1998, for simitagd)ndi

In Experiment 6, priming for new conceptual associations was assessaat@s
activity that was greater for recombined trials relative to intacttriib examine perceptual
associative priming, the trials were utilized the trials in which the satbstudied objects
were recombined to create re-colored versions of otherwise intast(irea) theobject-
featurerelationships were manipulated). Perceptual associative priming weasbessed as
neural activity that was greater for re-colored trials relative axiritials. Based on findings
from the speeded object classification task used by Koustaal et al. (2001)ckmedBet al.
(1998), | predicted that both the conceptual and perceptual manipulations would be
associated with repetition-related decreases in activity inrgbdistd network of neural
regions, including frontal, fusiform, middle occipital, posterior cingulateesgaahd
precuneus. The critical question for present purposes concerned the role of thenfpisoca
and adjacent parahippocampal gyrus (PHG) giveasbeciativecomponent of the paradigm
and comparisons. If different regions of the MTL are differentially involved pliam
retrieval of conceptual versus perceptual associations, then the hippocampus atb&HG s
show repetition-relateshcreasesn activity during conceptual associative priming (i.e.,
corresponding with Henke et al., 2003), but P¢&reases activity during perceptual

associative priming (i.e., corresponding with Yang et al., 2008).
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The second goal of Experiment 6 was to compare associative priming with ite
priming. A limitation of comparing item and associative priming acrossreéifit studies in
the current literature is that item priming has typically involved the tepedf single
stimuli, whereas associative priming typically involves two stimuli omawstis-feature
relationship. As described previously, recombined pairs are comprised affere pedividual
objects in the absence of a repeated association. Thus, activity thates fgneaew relative
to recombined trials can be taken as a measure of item priming. Importaistipeasure of
item priming uses the same type of stimuli and encoding paradigm theseat¢o obtain
estimates of associative priming. The use of the identical stimuli arel/edtmanipulation
to compare item and associative priming increases the validity of intgrpnstregarding
differences in their neural bases. Based on Buckner et al. (1998) and Koutdtg2I0ex3, |
predicted that item priming would be linked with deactivations in several negrahs
including fusiform gyrus, occipital cortex, and superior and inferior froetabns.
However, unlike associative priming, | predicted that item priming would not ertbag
hippocampus.

The third goal of Experiment 6 was to compare associative priming with aisseci
recognition. While relational binding processes have been linked to the MTL (Dastal.,
2003; Eichenbaum, et al, 2000; Giovanello, et al., 2004) explicit relational retrievadras b
linked to both the MTL and the PFC, to the extent that explicit retrieval also inaives
intentional or strategic attempt to remember associative informatigk(@r, 2003;
Dobbins, et al., 2002; Velanova et al., 2003). As such, | hypothesized that the distribution of
activations and deactivations during implicit retrieval would differ from theahdasis of

explicit relational retrieval, during which | expected increasedifctn the hippocampus as

93



well as the prefrontal cortex (e.g., Buckner & Wheeler, 2001; Kim & Cabeza, 200@; Rud
Biedenkapp & O’Reilly, 2005; Schacter & Buckner, 1998a; Schendan, Searbskl&lr
Stern, 2003).

Lastly, in addition to the questions examined in young adults, the fourth goal of
Experiment 6 was to determine the effects of aging on the neural basis oftianlic
explicit relational memory. As described previously, the MTL isaaitfor associative
processing even under nonconscious conditions (Carlesimo et al., 2003; Chun & Phelps,
1999; Henke et al., 2003; Ryan et al., 2000; Yang et al., 2008). There is evidence that the
medial temporal lobes are relatively unaffected by healthy aging, cechpéh regions of
more substantial change such as the prefrontal cortex (PFC) (Head, &istder, Morris,
& Buckner, 2005). On tasks that likely involve the MTL but not the PFC, such as spatial and
contextual learning tasks that do not involve elaborative or strategic encodirnly loédér
adults perform as well as young adults (Howard, Howard, Dennis, LaVine éhtao,
2008; Howard, Howard, Dennis, Yankovich & Vaidya, 2004). The finding of preserved
incidental associative processing seen in Experiments 1-5 thus fit iethig literature. An
important question is whether the behavioral priming effect is associatetheisame
pattern of medial temporal lobe activity in the two age groups.

Experiment 6 thus investigated whether older and younger adults would show a
similar or different pattern of neural activity during implicit relatioredrieval, using a task
on which behavioral equivalence was expected, given the findings in Experiments 1, 2, and
5. This study documents the first fMRI analysis of implicit associatigenory in older
adults, coupled with a within-subjects comparison with explicit associagweany that

followed the same encoding manipulation. Based on prior studies of expfitit ite
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(Giovanello et al., 2004; Gutchess et al., 2005; Grady et al., 2005) and relational (Geovanel
et al., 2009) retrieval tasks that engaged both MTL and PFC regions in young adults, |
predicted that age-related explicit associative recognition defioiiédvbe associated with
MTL dysfunction coupled with increased engagement of frontal regions. Tloalcriti
guestion regarded the neural basis of behavioral age-equivalence during nelplional
retrieval. This experiment tested whether older and younger adults would: 1) shala= s
pattern of MTL activity during a task that was independent from strategeviadtprocesses;
2) whether aging would be associated with additional recruitment of frogtahseduring
associative priming that are not observed in young adults.
Method

Participants

Fourteen healthy young adults (4 male, ages 183120.8; mean education = 14.5
yearssd= 2.10) and fifteen healthy community-dwelling older adults (8 male, ag88,61
= 73.9; mean education = 17.7 yeas$5=2.87) with normal or corrected-to-normal vision
participated in the experiment after providing informed written consentei@ogefor MR
safety took place at the time of recruitment and again on the day of scdfounglder
adult participants were excluded; one due to problems understanding the associative
recognition task instructions, two due to structural outliers, and one due to a teglitaical
with the MR response box during explicit retrieval. All participants welg-hignded Native
English speakers with no history of neurological or psychiatric conditionsciPants
received $20 per hour to compensate their time. No subjects in Experiment 6 hapgbedtici
in Experiments 1-5.

Materials and behavioral procedure
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Experiment 6 was identical to Experiment 2, with the following modificationst: Firs
the new trials were removed from the associative recognition task, sucmthattact and
recombined trials were included. The new trials were removed in order to improva@cc
and increase the number of correct rejection trials that could be modeled asretteat
fMRI analyses. Second: control (i.e., null) trials were added to each expéaintask and
comprised one-third of the total trials in each run. These control trials aréousssess
baseline activation levels. Trials consisted of two meaningful symbolsléa sigin and a
cents sign) presented in the same spatial locations as the two objects inpesichesital
trial, and subjects were instructed to decide on which side of the screen theigiollar s
appeared. A randomized jittered ISI for control trials were variants ¢StHer
experimental trials and ranged from 3000, 6000, or 9000ms. These jittered ISIs are
implemented in order to increase the power to detect hemodynamic responseadiffénat
are specific to individual trial events. The program OptSeq
(http://surfer.nm.mgh.harvard.edu/optpe@s used to determine the list order for each
experimental and control trial that should optimally assess event-retaiveatian.

Before entering the scanner, subjects completed a practice versioristthe
encoding task which consisted of 10 psuedo-experimental trials (not included in Bisisana
and 3 control trials. Following a localizer and structural T1-weighted saarects
completed all four experimental tasks took inside the scanner. Subjects desibtdek
responses by pressing a button on an MR-compatible response box using the index or middle
finger of their dominant (right) hand. To allow the subjects to rest brieflygltine
experiment, a second T1-weighted anatomical scan was completed betwegplitiet@st

and the second encoding task and lasted approximately 7 minutes.
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Image Acquisition and Analysis

Subjects were scanned with a Siemens 3 Tesla head-only imaging systepeéqui
for echo planar imaging (EPI; Siemens Medical Systems, Iselin, NJ), uSiagia gradient
head coil. Stimuli were presented onto a screen and viewed through a mirrdrgilage
the participant’'s head. Responses were recorded via response box using the doghbant (ri
hand. Head motion was restricted with a pillow and foam inserts. After autbstatet and
shimming procedures to optimize field homogeneity, one high-resolution T1-wekigite
RAGE sequence with an in-plane resolution of 1.2 mm and 1.2 mm slice thickness was
acquired (TR = 7.25 msec, TE = 3 mseg, flip angle = 7 deg) to assist in theatiegisif the
functional data to the high-resolution anatomical scans, along with brief skgétder
scan. Forty-six oblique coronal slices (3 mm thick, with 1 mm skip between slices;
oriented along the long axis of the hippocampus, providing whole brain coverageimyte
from occipital to frontal poles) were positioned on the sagittal localizertibnat MRI
images were acquired using a gradient echo T2*-weighted sequence in-pidun@ores
3.125 mm, with a TR of 3000ms, TE 23 msec, flip angle 90 degrees, FOV read 192, FOV
phase 100, and voxel dimensions = 3.125 x 3.125 x 6.0mm. The two initial TRs were
acquired and discarded to allow the scanner to reach equilibrium.

Imaging data were preprocessed using SPM5 (Wellcome Departmentrofiveog
Neurology, London). Functional images were corrected for offsets in the tiaogwilition
by resampling all slices to match the first slice, which was used &srarnee slice of the
volume. Following this step, images were realigned and unwarped to correct for motion
across runs and then spatially normalized to an EPI template normalized inidvitactic

space, using both a 12-parameter affine transformation and a nonlinearmatisin using
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cosine basis functions. Next, functional and anatomical images for eacht sudseco-
registered to each other. Finally, the images were re-sampled into 3bmvaexels and
spatially smoothed with an 8mm full-width half-maximum Gaussian kernel araled<o a
mean signal value of 100. Statistical analyses were performed usigertheal linear
model for event-related designs in SPM8. For each participant, a whole-brain igexelw
analysis was conducted in which, individual events were modeled as a canonical
hemodynamic response. Each event type was first modeled for each subjeatfixgdg
effects analysis. These data were then entered into a betweertsstdpeom effects
analysis. The resulting least squares parameter estimates of thtedfd¢ig modeled
hemodynamic response for each condition were used in pairwise contrastsastjrand
were examined for significance at a threshol@ of.005 (using an cluster extent threshold of
k>5 contiguous voxels). If hypothesized cortical regions did not show significatersla$
activation at this threshold, | lowered the thresholgd €005 in order to determine whether
hypothesized regions were active at the more lenient significance Ewsl more lenient
threshold was applied only for hypothesis-driven analyses, and a larget texeshold for
continguous voxel clusters (k>10) was concurrently applied (typical evergd ¢MRI
studies use a cluster extent threshold of 3-5, see Huettel, Song & McCarthy, 2003
Conjunction analyses were conducted using the masking function in SPM8, and examined
what regions were commonly activated by young and older adults. The thresholchfor ea
group’s contrast entered into the analysis was g&t.G7 K >5) so that the conjoint
probability using Fisher’s estimate would ipe 005 (Fisher, 1950).

The voxelwise analyses were followed by regions-of-interest (R@lyses in

targeted significant regions in order to determine the pattern of actiitpse regions. The
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Wake Forest University PickAtlas software (http://fmri.wfubmc.echslsoftware) was used
to identify anatomically-defined regions of interest (ROIs), which wereadigld as masks
into SPM8 using the Rex tool in order to extfaeteights (parameter estimates) for each
critical condition, which were averaged across subjects.

All activations are presented according to neurological convention, suchtilgy ac
in the right hemisphere is presented on the right side of the brain image. &tifistic
significant activity is projected onto a canonical single-subject T1 stalégtnage template.
Voxel coordinates are reported according to Montreal Neurologicaluties(NNI) space
and represent the most significant voxel within the cluster.

Because the focus of analysis for the implicit data was repetéiated
deactivations, neural activity associated with item (i.e., non-associativeh@mon the
speeded object classification task was examined by contrasting new rteiadsnbined trials.
Repetition-related deactivations for conceptual associative priming \aasred by
contrasting recombined>intact trials. Because Henke et al. (2003) founitioegelated
increasesn bilateral hippocampus and PHG, | also contrasted intact>recombineddrial
determine whether any MTL regions were more active for intactweladirecombined trials.
Repetition-related deactivations for perceptual associative primingexareined by
contrasting re-colored>intact trials. For the purpose of comparing with @izt @ssociative
priming, | also contrasted the reverse, intact>re-colored trials, tardegewhether any
MTL regions were more active during intact than re-colored trials.

The neural correlates of explicit retrieval success are typicakiyguned by
comparing correctly identified old items (or old pairs) relative to ctyretentified new

items (or new pairs) (e.g., Rugg et al., 2002; Rugg & Wilding, 2000). As such, correctness of
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response was held constant, yielding the contrast of correct responses foainsa(tits)
minus correct responses to recombined pairs (correct rejections). Becmrsadaolts have
demonstrated additional frontal activations during explicit relationa¢veir(Giovanello et
al., 2009a) and additional frontal deactivations during implicit item retrievatéBeest et
al., 2009), I further examined whether older adults recruited frontal regions atve
beyond those recruited by young adults for each contrast of intepesiOfts k >5).
Results

Behavioral Data

For the implicit speeded classification test, reaction times werparech among the
four retrieval conditions (i.e., intact, recombined, new and re-colored). Mearoretictes
and standard deviations for each age group are included in Table 9. As with the previous
experiments, priming effects are listed in Table 10. Outliers of more th@nstandard
deviations from the mean were removed from each condition in each subject. This grocedur
resulted in the exclusion of 2.3% of total trials from both behavioral and fMRI amalyse
Using a mixed ANOVA with retrieval trial type as a within-subjeeistdr and age group as
a between-subjects factor, there was a significant main effecaldfypre (3, 69) = 33.93,
p<.001), indicating that reaction times varied as a function of retrieval comdithere was
no interaction between condition and age gréupl, indicating that the differences among
trial types were not moderated by age. Planned follow-up contrasts revealédasigitem
priming, with faster reaction times to recombined pairs relative to new pajicsing {(13) =
-5.8,p<.001) and oldert(10) = -3.16,p = .01) adults. There was no difference in magnitude
of item priming between the age groups; .85. Associative priming was also significant in

young adults, with faster reaction times to intact pairs relative tongiced pairs,t(13) = -
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2.5,p < .05). Associative priming approached significance in older ad(I®)E -2.14,p
=.067) adults. The difference between intact and recombined pairs in older amlultts w
likely have reached significance with a larger sample; indeed, when theiiroghavioral
data were included from the 4 subjects whose neuroimaging data were excisdedtave
priming was significant in older adults,((4) = 2.46p <.05). Furthermore, although when
the age groups were tested individually, the young but not older adults’ assqmigive
crossed the threshold for statistical significange<aD5, there was not a significant
difference in associative priming between the age gropps,78. There was no difference
between intact and re-colored pairs in youorg43) or old p =.86), supporting the
interpretation that the speeded object classification task is morasetesihe overlap in
conceptual-decision rather than perceptual cognitive operations.

Associative recognition accuracy in the behavioral measure was defihgs tas
intact pairs minus false alarms to recombined pairs. In young adults, meate kvas .81
and mean false alarm rate was .47, yielding a mean accuracy rate of .34r adolte
mean hit rate was .80 and mean false alarm rate was .66, yielding a meacacate of
.14. Accuracy was significantly greater than floor in youtf3) = 8.4,p < .001) and older
(t(20)= 2.7,p < .05) adults, with accuracy significantly greater in the young relativeltt ol
(24) = 3.60p = .001).
Imaging results

The results of the fMRI analyses are described as a function of eaalhcrequestion
of interest. These results are also listed systematically in @iotaf. For all primary
guestions, regions of significance from the whole-brain voxelwise analygming adults

are listed in Table 11 and in older adults are listed in Table 12. Regions cometosdied
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by both age groups are listed in Table 13. Regions more activated in young than stedre li
in Table 14, and regions more activated in old than young are in Table 15. Hypothesized
medial temporal regions associated with conceptual and perceptual tags@eiening are
listed in Table 16. Hypothesized regions associated with explicit recogniédistad in
Table 17. Regions of additional frontal recruitment in older adults are listeabie I8.
Neural regions associated with conceptual associative priming

| contrasted activity for recombined trials greater than intads tgedetermine
conceptual associative priming. In young adults: this contrast reveaidtyactleft inferior
frontal gyrus (BA 44/47), bilateral middle frontal gyrus (BA 6/9); leftidie occipital gyrus
(BA 19); left middle and superior temporal gyrus (BA 21/22) and the right insutéder
adults: this contrast yielded activity in left inferior frontal gyrué\ (&5), bilateral middle
and superior frontal gyrus (BA 9/10/11), right middle temporal gyrus (BA 2%, pigsterior
cingulate (BA 29), bilateral precuneus (BA 7/31), and right superior parietal I{i®&le
7).To determine whether any medial temporal regions demonstrated oepetitited
deactivations, | contrasted recombined>intact trials at p<.05. Of note, no methalaé
regions showed significant clusters of activity at this more lenient thressheitthher age
group. In addition to testing the age groups separately, | ran a conjunctiosiataly
determine regions of common activation. This analysis yielded significewityam bilateral
inferior frontal gyrus (BA 44), right posterior cingulate (BA 29), right irdeparietal lobule
(BA 40), and right insula (BA 13). Lastly, | conducted a between-groups antysi
determine regions that were more active in young than old, and more active in old than
young, for the recombined>intact contrast. Young adults showed more repaisitatr

deactivations than old in several frontal regions, including left inferior frogtasgdBA 47),
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bilateral middle and superior frontal gyrus (BA 6/10/11), and left middle tempgna.gn
contrast, older adults showed more deactivations than young in several parietalipital oc
regions, including bilateral fusiform gyrus (BA 20/37), superior occipital giBAs19),
bilateral cingulate gyrus (BA 30/24/32), left cuneus (BA 7/19), right precuiizig),
bilateral insula (BA 13), and bilateral lingual gyrus, as well as laftlia frontal gyrus (BA
10).
Neural regions associated with hypothesized increases in activity during conceptual
associative priming

In addition to the repetition-related deactivations assessed by recombtaetj*
held two hypotheses regarding repetition-rel@edeasesluring conceptual associative
priming, assessed by intact>recombined trials. In regards to this contegsirtihere only
the results of the hypothesis-driven analysis. First, | hypothesized THatédions would be
involved in repetition-related increases in both age groups. In young adults: the contrast
revealed significant activity in bilateral hippocampus, right entorhinal>xcorieghe
parahippocampal gyrus (BA 28), and left parahippocampal cortex (BA 36). In oldex: adult
this contrast revealed significant activity in left hippocampus and right entoduoiriak on
the PHG (BA 28). Common to both young and older adults was activity in left hippocampus
and right entorhinal cortex (BA 28). Parameter estimates for hypothesizeddgibns
during conceptual associative priming are graphed in Figure 1. Second, | lsypedibat
aging would be associated with over-recruitment of anterior regions damocgmtual
associative priming. Several frontal regions were more active in oldes #ukartt younger
adults, including bilateral middle frontal gyrus (BA 10/11), left inferior frbgtaus (BA

47), and right dorsolateral PFC (BA 9). The neural regions more activated byhalder t
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young adults in this contrast as well as the parameter estimatetfatargolateral PFC (in
BA 9) during intact and recombined trials are represented in Figure 2.
Neural regions associated with perceptual associative priming

We contrasted activity for re-colored trials greater than intat$ to determine
perceptual associative priming. In young adults: this contrast reveaidatyac bilateral
middle frontal gyrus (BA 8/9), right superior frontal gyrus (BA 6); bilatemérior frontal
gyrus (BA 47); right superior parietal lobule (BA 7), bilateral inferionperal gyrus (BA
20/21); right middle occipital gyrus (BA 19), bilateral putamen, left amygdatkright
cingulate gyrus. Notably, significant activity was seen in left perahcortex on the
parahippocampal gyrus (BA 35). In older adults: this contrast yielded gativseveral
temporal and occipital areas, including bilateral cingulate gyrus (BA 23&tlyuineus (BA
19), bilateral precuenus (BA 31/39), bilateral insula (BA 13), right middle oatgytus
(BA 19/39), bilateral postcentral gyrus (BA 23/40), right precentral gyrasg)Band right
superior temporal gyrus (BA 22/13). Common to both young and older adults was agttivity i
several regions, including medial temporal regions (left hippocampus andabiattorhinal
cortex in BA 28), parietal regions (right cuneus, bilateral precuneus, righbagguls in
BA 39, bilateral superior tempral gyrus in BA 22/39, middle temporal gyrus in BA 88f) ri
middle occipital gyrus (BA18/19), and bilateral posterior cingulate. In ttvedes-subjects
analysis, young adults showed more repetition-related deactivations thaacitterin
several frontal regions, including right dorsolateral PFC (BA 6/8/9), bilatedalle frontal
gyrus (BA 6/9/11), left inferior frontal gyrus (BA 47), as well as rightriaieand superior
parietal lobule (BA 7/40). Older adults showed more repetition-related vkegmtis than

young adults in several temporal and occipital regions, including left cunAuE3(&9),
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right inferior and middle occipital gyrus (BA 19), bilateral insula (BA 13), sop&emporal
gyrus (BA 22), as well as right entorhinal cortex (BA 28) and parahippocampat ¢BA
36). Lastly, to determine whether any additional hypothesized MTL regiamsassociated
with perceptual associative priming, | contrasted re-colored>imtals &t p<.05 (k>10). In
young adults, in addition to left perirhinal cortex on the PHG (listed previouply.@®5),
this contrast yielded activity in left hippocampus, and right entorhinal cortélxe PHG. In
older adults, this contrast yielded activity in left entorhinal cortex (BAagd)right
perirhinal cortex (BA 35). Parameter estimates for hypothesized Mjitn® during
perceptual associative priming are graphed in Figure 2.
Neural regions associated with increases in activity during perceptual associativiegri
In contrast to our hypothesis that MTL regions would be involved in repetition-
related increases (rather than decreases) during conceptual ags@ciating, |
hypothesized that no MTL regions would be increased during perceptual associating.pr
To examine this hypothesis, | contrasted activity that was greatetact than re-colored
trials and report here only the results of the hypothesis-driven analysisst€onhwith our
hypothesis, no MTL regions were activated, even at a lenient threshpkl@8. Second, |
hypothesized that, like conceptual associative priming, perceptual assopiating would
also be associated with more repetition-related increases in fraygitaigen older adults
than young adults. This comparison yielded significant activity in leftiorf&ontal gyrus
(BA 47), and left middle frontal gyrus (BA 9/11) and right dorsolateral PFEC9B The
neural regions more activated by older than young adults in this contrast as thal
parameter estimates for right dorsolateral PFC (in BA 9) during iatatte-colored trials

are represented in Figure 4.
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Neural regions associated with item priming

To examine item priming, | contrasted activity that was greatardw than
recombined trials. In young adults: this contrast revealed activity inrail@gsociative
visual cortex (BA 19); bilateral precentral gyrus (BA 4/6); right posteégirus (BA 2/40);
right precuneus (BA 7); bilateral superior temporal gyrus (BA 22/41)meftlle temporal
gyrus (BA 21); bilateral inferior temporal gyrus (BA 20) bilateral medidbntal gyrus (BA
6/10); left insula, and left anterior cingulate gyrus (BA 24). No medial teshpagions were
activated at this level of significance, or at a more lenient threshold of prr.@8er adults:
this contrast yielded activity in right middle frontal gyrus (BA 11), riglecentral gyrus
(BA 6) and left postcentral gyrus (BA 43). Like the young adults, oldersaadigdtnot show
any significant MTL regions, even pk.05. Regions of activation common to young and
older adults included bilateral cingulate gyrus, right fusiform gyrus, laledeperior and
middle temporal gyrus (BA 21), bilateral postcentral gyrus (BA 3/40), bilgtezaentral
gyrus (BA 4/6), bilateral superior frontal gyrus (BA 6/9/10), and left superroetphlobule
(BA 7). The between-groups analysis showed that young adults producedanore it
repetition-related deactivations in bilateral cingulate gyrus (BA 24/8f)usiform gyrus
(BA 37), right inferior frontal gyrus (BA 46), right inferior temporalrgy (BA 20), bilateral
middle frontal gyrus (BA 6/9), left precentral gyrus (BA 6), and left pregsiiBA 7). Older
adults showed more deactivation than young adults in only one region: superior temporal
gyrus (BA 22).
Neural regions associated with increases in activity during item priming

Like associative priming, | hypothesized that repetition-rdlatereases during item

priming would be observed in frontal regions in older adults compared with young adults. To
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examine this hypothesis, | contrasted activity that was greateedombined trials than new
trials and report only the results of the hypothesis-driven analysis. Oldé&s sllodved
significantly greater activity than young adults in right inferiental gyrus (BA 46) and
right dorsolateral PFC (BA 9).
Neural regions associated with successful explicit associative retrieval

Successful explicit relational retrieval was assessed by toesponses to intact
trials (hits)>correct responses to recombined trials (correctimjel In young adults: this
contrast revealed activity in right superior temporal gyrus (BA 22), nigétior frontal
gyrus (BA 11), right precuneus (BA 7), and left inferior frontal gyrus (BA 47). Terchéne
whether additional hypothesized regions based on prior studies of explicit relsttoeaal
would be activated at a lower threshold, | contrasted hits>correctogjettp<.05 (k>10).
These includebilateral inferior parietal lobule (BA 40), right fusiform gyrus (BA 37)htig
middle frontal gyrus (BA 9/46), and right hippocampus. In older adults: activity signifat
p<.005 k >5) was found in left precentral gyrus (BA 6). k.05 k >10), significant
activity was found in bilateral precuneus (BA 7), bilateral inferior parlebule (BA 40),
and bilateral inferior and middle frontal gyrus (BA 11/40). The conjunction anahymgesl
that the only region of common activity for young and older adults was the |efilatiag
gyrus. The between-subjects analysis showed that young adults yieldedatnate than
older adults in a variety of frontal, parietal, and temporal regions, includingrailatierior
frontal gyrus (BA 13/47), right middle frontal gyrus (Ba 11/21), right cinguigtrus (BA
24/31), right superior temporal gyrus (BA 22/38/39), right precentral gyrus (BAidiB),
fusiform gyrus (BA 20), right cuneus (BA 7), and and bilateral precuneus (BA Tii19)

contrast, older adults showed more activity than young adults in left middle andrinferi
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frontal gyrus (BA 10/45), left anterior cingulate (BA 32), left superiorgtatiobule (BA 7),
left cingulate gyrus (BA 31), and left precentral gyrus (BA 6).
Correlational analyses

Across the three priming comparisons, the most consistent specific region of
increased frontal activation in older adults was in right dorsolateral PFQ®) B assess
the hypothesis that increased activity in this region was associatecowdéptual and
perceptual associative priming performance, | extracted paraesti®ates of mean
activation levels in this region during each memory condition using anatoyriledihed
regions-of-interest (ROI) analyses. | then correlated the meantemtil@vels in right BA 9
during the intact condition with intact reaction times using Pearson’s damel&@his
correlation was significant,= -.53,p <.05 (one-tailed), showing that more activity was
associated with faster reaction times. In contrast, there was no relggibeshieen activity
in this region and intact RTs in young adufis=(.39) Next, | correlated the mean activation
level in right BA 9 during the re-colored trials with re-colored reactiondirtreolder adults,
there was a negative correlation that was nearly significant.b1,p = .056), showing that
activity in this region during re-colored trials was generally aststiaith faster reaction
times. In contrast, there was no significant relationship between aatithisiregion and re-
colored RTs in young adultp € .12). | also correlated the mean activation level in right BA
9 during the recombined condition with recombined reaction times to determineitfyanti
this region was associated with item priming performance in older adults. Tigkaton
was nearly significantr (= -.50,p =.059) showing that increased activity in this region was
generally associated with faster RTs to recombined trials. Inasbpégain, there was no

association between activity in this region and recombined RTs in young qadels). To
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determine whether these significant correlations in older adultstexflaa association
between right BA 9 activation and a generalized ability on reaction tirke raher than
with priming specifically, | also correlated activity in right BA 9 during newl$riaith new
RTs. There was no relationship in youpg=(19) or older adults (p =.45). No other frontal
regions significantly correlated with reaction times in any rettiesadition (allps > .1).
However, there was a positive relationship between activity in right BA 9 gimd ri
hippocampus during intact trials that approached significarne&,p = .06) in older
adults. There was no relationship between these regions in young adek8,J07,p =

49).

Lastly, to determine whether the increases in left anterior PFC (BA 10) seegq dur
explicit retrieval were associated with behavioral performance, natiaityalevel in left BA
10 during correct rejection trials was correlated with mean proportion ottogjections
(which was more reflective of variance in behavioral performance thandyitardaich was
largely similar across OAs and between OAs and YAs). This correlationavaggnificant

in young ¢ =.14) or old adultsg=.31).

Discussion
Experiment 6 used event-related fMRI to examine conceptual and perceptual
associative priming, item priming, and associative recognition, all of wbildwied the
identical encoding manipulation. Because distinct motivations and hypotheasesaleefor
each age group, the young and older adult findings are discussed separately.

Young Adults
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In regards to conceptual associative priming, Experiment 6 utilized anadssoc
version of a standard speeded classification task which, in Experiment 3, was shown to be
functionally independent from explicit retrieval. Based on prior studies of uaaganantic
associative retrieval (e.g., Degonda et al., 2005; Henke et al., 2003), the pnitagest was
in whether the MTL, and specifically the hippocampus, would show more activihgdur
repeated relative to recombined pairs. To examine this specific hypothesad, a lenient
threshold op<.05 k>10) and observed significant clusters of activity in bilateral
hippocampus, right entorhinal cortex and left parahippocampal gyrus during imgdhigval
of novel conceptual associations.). Of note, when this contrast was reversathioee
which regions were associated with repetition-reldeattivationsno MTL regions were
observed. The finding of greater hippocampal activity to intact pair tri@svelko
recombined pair trials is consistent with several prior studies in the neuropgycablo
(Carlesimo, et al., 2005; Chun & Phelps, 2000; Park, et al., 2004; Ryan et al., 2000) and
fMRI (Degonda et al., 2005; Hanuula & Ranganath, 2009; Henke et al., 2003; Schendan et
al., 2003) literatures that posit a contribution of the hippocampus to relational memory,
regardless of whether memory is assessed directly (i.e., using testdiot memory) or
indirectly (i.e., using tests of implicit memory).

This Experiment also examined the role of the hippocampus in implicit memory for
new non-semantic (i.e., perceptual) associations. Critically, Yaalg @008) found that
perceptual priming of unrelated word pairs was associated with decretisiy iac
parahippocampal gyrus (PHG), but not the hippocampus. To examine whether MTL regions
would be associated with deactivations during perceptual associative primingsiuayr

the colors (i.e., a perceptual feature) of the studied objects were recombindudaldvied
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for the assessment of activity that was more greater during re-d¢dhane intact pairs. There
were significant clusters of activity in left hippocampus, right entorhinééxoand left
PHG. Thus, producing the opposite direction from conceptual associative primimg, thes
regions were associated with repetition-relatedctivationsimportantly, no MTL regions
were more active during intact than re-colored trials. The negativeidireftneural
response in MTL during perceptual associative priming is consistent witle#totivations
during unaware perceptual associative retrieval reported by Yang20@8). The fact that
the present study observed the same direction of response as Yang et al. dumgggbrim
new perceptual associations is consistent with my hypothesis that the nahee of
association may explain the divergent findings between Yang et al. (2008) iakel ¢ial.
(2003). More generally, these collective findings suggest a functional dissaawithin the
medial temporal lobes during implicit retrieval of conceptual and perceggsactiations.
Further data are needed to determine the generality of the present femlhilye types of
perceptual representations for which the hippocampus is sensitive.

It is uncertain what precisely accounts for the differential directiodTdf activity
between conceptual and perceptual associative priming. One possililiay ikey differ
along the criterion of relational versus conjunctive binding (see Cohen & Eichenba®®)
Cohen et al., 1997; Mayes et al., 2007). Relational representations are flexibl&aasuica t
binding of components A, B, and C can later be accessed as any variation of the original
inputs, including (for instance) AB, AC, BC, or ABC. Conversely, conjunctive
representations become merged, such that binding of components A, B, and C can later be
accessed only as the fused ABC. The neural basis of relational versus teajunc

representations is still uncertain (Moses & Ryann, 2006), although the distindtia@ehe
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relational and conjunctive binding has recently been used as an analogue tontigodis
between recollection- and familiarity-based explicit memaoy & review see Mayes et al.,
2007). Of note, the direction of activity for recollection and familiarity cogegmith the
respective directions of conceptual and perceptual associative priming ingbetpre
experiment: While recollection has been linked with increases in actvgy Davachi &
Wagner, 2002; Ranganath et al., 2004), familiarity has been linked with deactivatipns (e
Daselaar et al., 2006; Gonzalves et al., 2005; Henson et al., 2003). The present experiment
did not systematically operationalize relational versus conjunctive bindind,right be
reasonable to conjecture that object-object associations map more stroongiyrelational
representation, whereas object-feature associations map more stronglyfosed,
conjunctive representation. At the very least, this possibility points to et effrelational
versus conjunctive binding on implicit memory as an important avenue of futuaeatese
One critical difference between the present findings and those reported dpgtyan
(2008) concerns the role of the hippocampus in particular during perceptual associat
priming. While the current study found deactivations in the left hippocampus, aswighia
entorhinal cortex and left PHG, Yang et al. found deactivations in parahippocamgal gy
but did not observe any hippocampal involvement. There are several interestingipessibil
that could account for why | obtained a different result from Yang et al. (2008). One
possibility is that the reading measure used by Yang and colleague$aveldeen
sensitive to trials in which the characters had been perceived as a cohdsiaharnithan as
associations per se. Indeed, PHG deactivations are not unique to associative priming;
repetition-related deactivations have been found in PHG during repetition of sirggtéesobj

(e.g., Buckner et al., 1998; Koutstaal et al., 2001). There is also evidence $isatiftve
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pairs become unitized, activity is observed in perirhinal cortex (the anperion of the
PHG) (Haskins, Yonelinas, Quamme & Ranganath, 2008). This region sometimas show
deactivationgduring familiarity-based recognition (Daselaar, Fleck & Cabeza,;2006
Gonsalves et al., 2005; Henson et al., 2003; Montaldi et al., 2006), perhaps as function of
perceptual fluencyHaskins, et al., 2008), and has been shown to be more involved in item
than relational memory (Giovanello et al., 2004). A second possibility for why thenpre
experiment obtained a different result from Yang et al. (2008) is that the caovgumetasure
of associative retrieval used in their study (i.e., the overlap between old>reeonaioid
old>new) may have conflated associative processing with item proces&rehyt masking
hippocampal involvement. Lastly, a third possibility concerns the differenbe ithteshold
of significance between the present study and the one used by Yang et al. (208&eBec
hippocampal deactivations were revealed in the present study only when the thi@shol
statistical significance was lowered, it is possible that Yang et al. Y200& have observed
hippocampal deactivations at a similar threshold. Indeed, in that study, actreppited
only at the stricter level of p<.001. The alternative possibility that thevaxant of the
hippocampus seen in the present study actually resulted from explicit pngasssot
tenable, given the direction of activity.

In addition to the hypotheses regarding MTL regions, | also hypothesizdabthat
conceptual and perceptual associative priming would involve decreases ity attivn-
MTL regions. Thes@eactivations were examined by contrasting activity that wasegréor
recombined trials than intact trials (for conceptual associative priraimdjactivity that was
greater for re-colored than intact trials (for perceptual associativengjiiithe non-MTL

regions activated in these comparisons were consistent with hypothesized bageh®n
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the speeded object classification task used by Koutstaal et al. (2001) and Buekner e
(1998). These included several regions within frontal cortex, specificadigonfrontal
gyrus (corresponding to BA 47), dorsolateral prefrontal cortex (correspondirfg 39 &d
superior frontal gyrus/premotor cortex (corresponding to BA 6). Deactivatiohesa t
frontal regions possibly reflect greater efficiency in clasdificedecision processes during
the experimental paradigm or in stimulus-response mapping (consistent withpraniad
effects in frontal gyrus, e.g., Dobbins et al. 2004), as well as greatéafea in motor-
response operations. Repetition-related deactivations were observed in \asaasing
areas including middle occipital gyrus (corresponding to BA 19), possib&ctiei
increased ease in object identification. Unlike perceptual associative procoimgeptual
associative priming was additionally linked with deactivations in inferio#4B
(corresponding to Broca'’s area), which are often observed during conceptuagperg.,
Wagner et al., 1997), mostly likely due to this region’s involvement in language pnacessi
Conceptual and perceptual associative priming differed to some degree aplhernai
engagement, with conceptual associative priming involving primarily leftdbzed areas
and perceptual-associative priming involving primarily bilateral aréa$t-lateralized
activation is typical of amodal conceptual priming (Meister et al., 2005; Wagjiaé, 1997).
Right-lateralized or bilateral deactivations have been shown to occur duringgpam
nameable picture stimuli (Bunzeck, Schutze & Duzel, 2006; Koutstaal et al., 2001¢rdBila
involvement in the present study during perceptual associative priming is thus not
unexpected given this comparison’s manipulation of surface-level features.

In addition to associative priming, our paradigm also yielded a measure of item

priming. The comparison of new greater-than recombined trials yieldeficaghiactivity in
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several of the same neural regions as was found during perceptual and conssptieize
priming, including bilateral inferior temporal gyrus, bilateral middle jpitai cortex,

bilateral medial frontal gyrus, and bilateral cingulate gyrus. This nktefateactivations are
consistent with the deactivations found by Koutstaal et al. (2001) and Buckned 888). (
during speeded object size classification. Similar to associative primasg, thpetition-
related deactivations possibly reflect the facilitation in multiple cogngirocesses operative
in the classification task, including visual object perception and clas&ifiadecision
processes. Critically, in contrast to conceptual and perceptual assogrativay, item
priming in the current study did not involve any MTL regions. To determine whethercthe |
of MTL involvement could have been a function of Type Il error, such that potgméaall
differences did not pass the threshold of significange<at005, the threshold was lowered
to a lenient level op <.05. No MTL activity was observed at this level. Importantly, this
finding dissociates item priming from associative priming in regards totioédvement of

the medial temporal lobes, consistent with the neuropsychological literatutes{®a, et

al., 2005; Chun & Phelps, 2000; Park, et al., 2004; Ryan et al., 2000) that has shown
preserved item priming in the context of impaired associative priming fiengatvith
damage to the medial temporal lobes.

Finally, explicit, associative recognition followed implicit fagtand a second,
otherwise identical incidental encoding manipulation. A critical featutiei®design is that
differences in explicit and implicit retrieval cannot be explained byreiffical encoding
operations. The neural correlates of explicit retrieval successpacalty measured by
comparing correctly identified old items relative to correctly idesdihew items (e.g., Rugg

et al., 2002; Rugg & Wilding, 2000). As such, correctness of response was held constant,
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yielding the contrast of correct responses to intact pairs (hits) mimescorsponses to
recombined pairs (correct rejections). The regions involved in successfaltabtional
retrieval were consistent with findings in prior studies (e.g., Buckner & &the&®01;
Giovanello et al., 2009b; Kim & Cabeza, 2009; Prince et al., 2005; Rudy, Biedenkapp &
O'Reilly, 2005; Schacter & Buckner, 1998a; Schendan, Searl, Melrose & Stern, 2003).
These included several frontal regions including bilateral inferior frgytais and right
middle frontal gyrus. These regions are consistent with prior studies shiwatrtbe frontal
lobes are critical for controlled, intentional memory processes andtare during the
attempt to retrieve relational information (e.g., Badgaiyan, Schaddpert, 2002;
Giovanello et al., 2004; Velanova et al., 2003; For a review, see Cabeza, 2006). Actsvity w
also observed in several parietal regions, including left precuneus and reglaripariental
lobule. The parietal lobe has been implicated in mediating an attentional component of
successful episodic memory (Daselaar et al., 2009; Cabeza et al., 2003l nitght
anterior hippocampus was also active during successful retrieval of asseciat

Of note, the MNI coordinates for the hippocampal activations in both conceptual (30,
-20, -8) and perceptual (-38, -4, -18) associative priming, as well as in suceapéfit
retrieval (28, 0, -26), reveal involvement specificallamterior hippocampus. Such
engagement of anterior hippocampus is consistent with recent findings in troi expli
memory literature (e.g. Giovanello, Schnyer, & Verfaellie, 2009), which Hawersthat
different regions along the long axis make distinct contributions toaeédtprocessing.
While posterior hippocampus has been shown to be involved in the structured reinstatement
of perceptual information, anterior hippocampus has been shown to be involved in flexible

retrieval operations (Giovanello et al., 2009). These findings, coupled with thatprass,
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suggest a role for anterior hippocampus in relational processing, regatiesether
retrieval occurs at explicit or implicit levels.

Importantly, despite converging on the involvement of the hippocampus, there were
two critical differences between implicit and explicit associativenorg retrieval. First:
these two forms of memory differed in their overall network of activations andfispkygi
in the direction of activity. That explicit retrieval was associated imitreases in neural
activity, whereas implicit was primarily associated with decie&seonsistent with typical
differences between explicit and implicit memory (Schacter & Begki998a; Schacter et
al., 2007). Second: the difference observed in the present study between item andvassociat
priming does not mirror typical differences between item and associatognigon. More
specifically, a functional division within the MTL has been demonstrated irxflieie
memory literature, in which the hippocampus has been shown to make a relativaly larg
contribution to relational retrieval, while the surrounding parahippocampal dateleen
shown to make a relatively larger contribution to retrieval of single item&(Daet al.,
2003; but cf. Stark & Squire, 2003). Importantly, implicit retrieval does not appear &t®per
according to this dissociation. Despite diverging on the direction of activity in fédgions,
both measures of implicit relational retrieval (i.e., recombined>intact acoloeed>intact
contrasts) involved the hippocampus as well as the entorhinal, perirhinal, and
parahippocampal cortices. This finding is consistent with other fMRI studiesafiatve
priming, which have also shown contributions from the hippocampus, parahippocampal
cortex and perirhinal and entorhinal cortices to the implicit retrieval otads/e
information (Degonda, Mondadori, Bosshardt, Schmidt, Boesiger, Nitsch, Hock & Henke,

2005; Henke, et al., 2003; Schendan, Searl, Melrose & Stern, 2003). However, these studies

117



did not provide a direct contrast with item priming. In our study, implicit nedtief item
information (new>recombined trials) did not involve any MTL regions, even at a lenient
threshold of p<.05. This dissociation between implicit associative and im@ititntemory
is fundamentally different from the dissociation between explicit agsaxend explicit
item memory. Thus, the present study demonstrates an important differencenbitsve
neural bases of explicit and implicit memory, and establishes the first euilence that the
hippocampus/PHG - relational/item dissociation that has been documented dpliciy e
retrieval does not occur during implicit retrieval. Indeed, it would be imporidature
studies to investigate this issue further with a fully crossed design compeanceptual and
perceptual, associative and item, and explicit and implicit memoryblesia
Older Adults

Experiment 6 also examined the effects of age on conceptual (object-obgect) a
perceptual (object-feature) associative priming, item priming, amdiasise recognition.
These will be discussed in turn. Regarding associative priming, the question a¥/prima
interest was whether age-related dysfunction in MTL regions would emergaskthdt is
independent from strategic, PFC-mediated explicit retrieval procesdemavhich no age
difference was found behaviorally. Young and older adults showed simihzaitamts in
some MTL regions during conceptual associative priming, with greateityaduring intact
relative to recombined pairs in left hippocampus and right entorhinal cortex in both age
groups. However, young adults engaged additional MTL regions, with greatetyactivi
during intact relative to recombined pairs in right hippocampus and left parahippbcampa
gyrus as well. A similar pattern of age differences was found duringgteat@ssociative

priming. In young adults, the data showed decreased activity during indstéfative to re-
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colored trials in left hippocampus, right entorhinal cortex and left perirhinaxcdrt older
adults, repetition-related deactivations were not observed in hippocampus, butrbgtie
anterior entorhinal cortex and right perirhinal cortex. Of note, the conjunctioyssnad
common activity in both age groups during perceptual associative priming ldid yie
significant activity in 3 coordinates of left hippocampus. This differencedsstuhe
conjunction analysis and the older adults’ within-subjects analysis lilsflgcts differences
in the statistical threshold, as the threshold of each age group individually wap<sé to
achieve the conjoint probability of p<.005 for the conjunction analysis. Overall, tieenpaf
age effects observed during perceptual associative priming is similardoelmbserved
during conceptual associative priming, and indicates that aging may beatexst@gth
weaker hippocampal function in the context of preserved rhinal cortex function. Aithoug
the pattern of weakened hippocampus coupled increased reliance on rhinal cort@nhas be
observed during explicit testing (e.g., Daselaar et al., 2006), the replichthis pattern
during associative priming was somewhat surprising given age-equieade the behavioral
measure. This interesting finding will be discussed in more detail in the GBngrassion.
Unlike associative priming, during which | expected the involvement of MTL
regions, MTL involvement was not anticipated during item priming. Consistemthnst
hypothesis, no MTL regions of activity were observed in young adults duringpriermg.
The critical question for present purposes was whether aging would beatessodgth a
similar or different network of non-MTL neural regions as young adults dugngptiming.
Interestingly, there was a substantially wider network of repetigtated deactivations in
young adults relative to older adults. As described earlier, young adultedlactwity that

was greater for new trials than recombined trials in several tempotiatapaand frontal
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regions, as well as anterior cingulate. The involvement of these regions idezansith
previous studies of speeded object classification (Buckner, et al., 1998; Koutsthal, et
2001) and the role of each of these regions during object priming was considered previously
in the discussion of the young adult findings. Regarding the effects of agingadidey
showed item repetition-related deactivations in middle frontal gyrus (BActfh¥istent with
increased ease of decision processes for the classification task. Oléeabktushowed
deactivations in the superior frontal region of right precentral gyrus (Bad}he superior
parietal region of left postcentral gyrus (BA 43), both of which have been itgalica
motor processes (e.g., Agosta et al., 2009) and may reflect increased ease t#spotwe
on the classification task. However, the wider distribution of repetitioreceld¢activations
observed in young adults may indicate some loss of efficiency of processingduaramge
speeded object classification. For instance, deactivations were observed ah [s@vetal
regions in young adults that were greater than in older adults. It is ungedeisely how
these parietal deactivations contribute to priming in young adults. Howeveme¢heffact is
consistent with recent data showing an age-related reduction in parietalatesats during
face-name associative encoding (Miller et al., 2008). More generalyesult of more
widespread deactivation in young adults is consistent with some findings of under- or
dedifferentiated- recruitment of task-related neural regions (egari_et al., 2002; Morcom
et al., 2007).

Given that older adults showed under-recruitment in some task-related regions, an
important question was whether they simultaneously showed over-recruitment askon-t
related neural regions. As described previously, several prior studige(Best et al., 2009;

Cabeza, 2002; Morcom et al., 2003; Reuter-Lorenz & Stanczak, 2000; Stebbins et al., 2002)
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have shown the right PFC to be a common region of over-activation in healthy older adults
compared with young adults. As such, an important question was whether young and older
adults would differ in the engagement of anterior cortical regions during botlaném
associative priming. A similar pattern emerged during conceptual asgegriming,
perceptual associative priming, and item priming, such that older adults but ngeyoun
adults showed increases in activity in frontal regions. Increasesaefetivity that was
greater during intact relative to recombined trials for conceptual asisegoriming, greater
during intact relative to re-colored trials for perceptual associativ@myj and greater
during recombined relative to new trials for item priming. In contrast to the adiists,
young adults did not show increases in activity for any of these contragtadinsontal
regions were observed in younger adults only for the reverse contrastsstssteal
deactivationsThe specific regions within the frontal lobe that showed deactivations in young
adults and activations in older adults are listed systematically in thiésresction as well as
in Tables 11-18. Thus, despite differences in overall networks of activated regimgs dur
priming of object-object and object-feature associations, as well as primingeofobj
without an associative component, aging appears to be linked with additionalhneatuof
frontal regions that is not observed in young adults.

There are several possible reasons for these frontal activationsvityactthese
regions were associated with successful aging, such that non-taski-fedattal regions were
recruited to compensate for dysfunction in task-related regions, one woutd #rg@amount
of frontal activity to correlate with performance on the behavioral task. Inmplyrtehe only
specific frontal region commonly activated by older adults across conceptligkerceptual

associative priming as well as item priming was right DLPFC in BA 9.tHi® reason, task-
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activity correlational analyses focused on this region. The results ofahalsses were
largely consistent with predictions of the compensatory account. In particgtaficsint
negative correlation was observed in older adults between activity in BA 9 duiaegtrials
and intact reaction times. No relationship was found between activity in thos &gl intact
RTs in young adults. Likewise, a negative correlation approached signdisaotder adults
between right DLPFC activity during recombined trials and recombined Rl \iha
relationship was found between activity in this region and recombined RTs in yauwitg) a
Lastly, there was a negative correlation RTs that approached significanider adults
between right DLFPC activity during re-colored trials and re-colored,ealsaro
relationship was found between activity in this region and re-colored Rainmgyadults. Of
note, if activity in right BA 9 were a reflection of a generalized abibtperform the reaction
time task, then a relationship would be expected between neural activgigtiBA 9 and
RTs during new trials. However, no relationship was found, indicating that the mesmtiibf
right DLPFC is not generalized to the task but is rather specific to thengreffects.
Additionally, if right DLPFC activity reflected the adoption of additional cageiprocesses
to aid in performing the task, such as monitoring, activity would again be expected to be
associated with reaction time during new trials. As such, the non-relationshgebatew
trial RTs and BA 9 activity argues against this possibility. Lastly, ttietlfat activity in

right BA 9 during intact trials positively correlated with activity ighi hippocampus fits
with the interpretation of DLPFC activation as an indication of successhd égjig., Cabeza
et al., 2002). However, is worth noting that no significant correlations were observed

between reaction times and activity in any frontal regions other than in g8t Bor this
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reason, it is possible that the different subregions within the frontal lobe megrbeed for
different purposes.

A final point in regards to interpreting the age differences in recruitmérdgraél
regions during priming: it should be highlighted that results from the voxelwi$gsasa
yield relative contrasts. That is, the between-subjects analysis of intact greater-t
recombined activity that is greater in older than younger adults will, byitieri, yield the
same regions as the analysis of recombined greater-than intact dbavity greater in
younger than older adults. As such, it is impossible to know based only on the voxelwise
analysis whether the frontal regions observed in these contrasts werelgrinereased
activity in older adults or in factecreasedctivity in young adults. For this reason, beta
values were extracted from the ROI analysis to identify the directiantivation
differences. The parameter estimates for intact and recombinedctaaisaphed in Figure 1
and for intact and re-colored trials are graphed in Figure 3. Intaygstinese parameter
estimates show that the significant difference in activity is drivelpotlydecreased activity
in young adults coupled with increased activity in older adults. More spdgifiedative to
baseline in the regression model for the implicit test run, the right DLPFC in B#s9 w
deactivated during both intact and recombined trials in young adults, with irgéctiore
deactivated than recombined. Fully reversing this pattern, relative toneeisethe
regression model for the implicit test run, right DLPFC in BA 9 was aietd/during both
intact and recombined trials in older adults, with intact trials more activeebambined
trials. The identical pattern occurred for the intact versus re-coloreasgntith intact trials
more deactivated than re-colored trials in young adults (and both deactivatied tela

baseline), but intact trials more active than re-colored trials in oldesddnli both active
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relative to baseline). These cross-over interactions thus support thecdsissifof right BA
9 activation in older adults during priming as over-activations, rather than siapker
deactivations.

Thus, Experiment 6 documents the first evidence linking increased activityin rig
dorsolateral PFC with successful priming of new associations in older.athgtsesults
show that associative priming joins other manipulations in the literature thedssre@ated
with a re-organization of the neural regions associated with cognitive taskatimyreging,
in particular the recruitment of prefrontal cortical regions that coe®laith better cognitive
performance. The one example in the literature that has reported a rediszsgdn of
prefrontal recruitment is by Bergerbest et al. (2009), who observed addityenedlated
deactivationsn right PFC (BAs 8, 9, and 46) during conceptual (item) priming. One
possible explanation for this difference in the direction of age-related reentiof the PFC
is that Bergerbest et al. (2009) only reported activity that wasegreatnew than repeated
stimuli. That is, had they examined (or reported) activity that was greatepleated than
new stimuli, it is possible that activity in additional frontal regions would have bee
observed.

Lastly, in addition to associative and item priming, Experiment 6 also exarhi@ed t
effect of age on associative recognition. Based on prior studies of expirciiGievanello et
al., 2004; Gutchess et al., 2005; Grady et al., 2005) and relational (Giovanello et al., 2009)
retrieval tasks that engaged both MTL and PFC regions in young adults, tguletiet age-
related explicit associative recognition deficits would be associatbdWiit. dysfunction
coupled with increased engagement of frontal regions. In the present expernoesdsaul

explicit associative retrieval was linked with a widely different networkabivated regions
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in young and older adults, with only left cingulate gyrus commonly activatgubrtemtly,
young but not older adults showed significant activity in the hippocampus. In regards to
whether recruitment of prefrontal regions accompanied this age-relatedi{4iunction
during successful associative recognition, the pattern is less clear tirapahsociative
priming. Left middle frontal gyrus (BA 10) and left inferior frontal gy(8#\ 45) were more
active in older than younger adults, however bilateral inferior frontal gyrgt{® and right
middle frontal gyrus (BA 11) were more active in young than older adults. Thus, unlike
associative priming, during which younger adults did not elicit activity ynfieomtal regions
that was greater than older adults, the role of the frontal lobes during $ulcasssciative
recognition appears to be divided. Furthermore, the correlational analyses showed no
relationship between hits (or correct rejections) and activity in eithedfontal regions
more activated in older adults (left BA 10 and left BA 45) during each respestiognition
event. As such, the present results do not necessarily speak to the function ofrétetede-
differences in frontal lobe activation during successful associativerrigiong An important
guestion that may be related to this uncertainty is whether the differenctisatea regions
during associative recognition reflect true age differences rétherdifferences in task
performance. Young adults performed significantly better than older ahultee behavioral
accuracy measure; thus, it is possible that the differences in activatatiragions were a
function of task performance rather than an effect of age. To examine thislippss
proportions of correct rejections to recombined pairs in young adults wereatetrelith
activity in left BA 10 and in left BA 45 during correct rejection trials.(itee two frontal
regions that were more active in older than younger adults) to determine wwethgradult

subjects who performed worse on the task would yield more activity in eitHersaf t
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regions. Neither of correlation was significapd &.1). However, the raw number of correct
rejection trials per subject were relatively small (ranging from 8 to 17 lembderrect
rejection events per subject), coupled with only 14 subjects in the analysis; sildgpdsat
with greater power to detect reliable differences, the correlations caadld seynificance

and contribute to the question of task performance effects. A potentially infoenaaty to
examine this question in the future would be to compare differences in braityaatigng

divided high- and low-performing young adult groups within a larger overall sample.
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CHAPTER XVII
GENERAL DISCUSSION

To review the overarching goals and theoretical motivation of the presexst gkri
experiments: Studying implicit memory for new associations is an tanorvay to examine
the scope and limits of impaired and preserved memory function in healthy Agiredj-
established finding in cognitive aging research is a larger agedealatline in memory for
contextually-rich episodic events, relative to memory for single itdmportantly, strategic
memory retrieval processes and associative/binding processes aretkneark together
intricately to support episodic memory, at both cognitive and neural levets. y&s,
however, it is uncertain whether age-related declines in episodic mema@ryrem
impairments in one or both of these processes. Indeed, the hypotheses of imp#gad stra
conscious recollection and impaired binding processes share several commatiopsedi
and both are consistent with the typical finding of disproportionately impaiggitiex
memory for associative information (i.e., items in their studied contdatjveeto memory
for item information in the absence of contextual detail (Bayen et al., 2003; [Bawgmin,
2000; Old & Naveh-Benjamin, 2008; Spencer & Raz, 1995). Of note, however, these
hypotheses offer different predictions about the status of implicit memioepisbdic
memory declines stem from an age-related impairment in binding procespesserimg
deficient associative encoding, then an age-related impairment in inagbaitiative

memory is predicted. If episodic memory declines stem from an ageer@h@pairment in



strategic recollection, emphasizing deficient conscious associatneval, then no age
difference in implicit associative memory is predicted.

To date, mixed findings have emerged from studies of implicit associative snemor
in aging, with perceptual associative implicit memory appearing to berpess(Gibson,
Brooks, Friedman & Yesavage, 1993; Light, LaVoie, Valencia-Laver Albesoens &

Mead, 1992; Lloyd-Jones, 2005; Wiggs & Martin, 1994) and conceptual associativetimplic
memory appearing to be impaired (Ergis, Van der Linden, & Deweer, 1998 réHdwg, &

Brune, 1991; Howard, Heisey & Shaw, 1986; Monti et al., 1997; O’Hanlon, Wilcox &
Kemper, 2001; Spieler & Balota, 1996). However, some commonly used conceptual
associative priming tasks been difficult to dissociate from expliciewet processes (Graf &
Schacter, 1985; Kinoshita, 1999; O’Hanlon et al., 2001; Reingold & Goshen-Gottstein, 1996;
Shimamura & Squire, 1989; Wegesin et al., 20Q4Ys, their status in aging has been
uncertain.

In 6 experiments | presented a novel paradigm of conceptual associatiugpri
Using an associative version of a speeded size classification task, Eqgetishowed no
age difference in associative priming. Because the task-speasgifatation in Experiment
1 may have involved not only semantic information about object size but also a
perceptual/spatial judgment, Experiment 2 tested whether the resukgesfrient 1 would
generalize to a task using a different semantic category. Usipgealed inside/outside
classification task, Experiment 2 again found no age difference in associatmwegoiThe
perceptual manipulation (recombination of object colors) had no affect on priming,
supporting the classification of priming as conceptually-driven. Experimdab 2eplicated

the typical age-related impairment in associative recognition thatvedl the same
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incidental encoding manipulation. This pattern shows that the pattern of findings on the
implicit measure could not be explained only by age-equivalence in incidental regydmaki
rather as a combined effect of incidental encoding and implicit retriseat, demonstrating
that intentional encoding and retrieval in fact eliminates associativéngrvia a slowing of
reaction times to intact trials, Experiment 3 showed that associative piimtimg
inside/outside speeded classification task cannot be explained by exyiteinenation. In
Experiment 4, decision cue inversion reduced priming in both age groups during speeded
classification of single objects. In Experiment 5, cue inversion elindraiening on the
associative version of this task. These two experiments thus showed that bo#mdlder
younger adults form an incidental episodic association between the stimuli aaskthe t
specific response. Taken together, the behavioral experiments provide ataimnexample
of a form of associative processing that is unimpaired in older adults, at bothngnaodi
retrieval stages. Below, | consider the results of each of the behavipeairegnts in more
detail, followed by further analysis of the fMRI study.

As described, Experiments 1, 2 and the same-cue condition in Experimentél (as w
as the behavioral data from Experiment 6), showed that older adults can show implicit
memory for new meaningful associations to the same extent as ydultgy &f note,
insufficient power to detect reliable age differences is not a viableraatma for the results,
as the raw RT scores were actually in the direction of greater diffenenalesthan young.
The lack of age differences contrasts with some previous studies (e.g.eEagi 1998;
O’Hanlon et al., 2001), in which young but not older adults demonstrated priming of new
associations. Although the effects in prior studies were interpreted as-aelatgd

impairment in the formation of new conceptual associations, the paradigms ethpéwe
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been difficult to dissociate from explicit memory in the young adult tieea(Bowers &
Schacter, 1990; Kinoshita, 1999). The present experiments used a speeded associative
classification paradigm to test age differences. This reaction timdigam was selected
based on findings in the literature showing that explicit contamination iBkelsto occur
on reaction time tests relative to accuracy tests of implicit me(xtogon, et al., 2001,
Light et al., 2000; Richard-Klavehn & Gardiner, 1998). The pattern of equivalenteassoc
priming in Experiments 1 and 2 suggests that the reason prior conceptual assoamitie pr
paradigms found age differences is not simply because older adults are dnpénes
process of creating new meaningful associative links. Rather, the previdug$ of age-
related impairment in conceptual associative priming might instead benedolay the
potentially confounding involvement of elaborative encoding and strategevedtr
processes that are independently affected by aging.

Of note, three specific current findings argue against the possiboitytility — of
explicit contamination during the present speeded classification pardeigtn Experiment
2 demonstrated an age-related dissociation between implicit and expbciéise memory.
While no age difference was found for implicit associative memory, a sulastzoi effect
emerged for explicit associative memory. If explicit retrigualcesses were to be used to aid
performance on the implicit test, the age-related dissociation betweéatitexud implicit
memory suggests that the young adults would have benefitted more than the older adult
The second form of evidence against explicit contamination comes from tlysisuoél
subjects divided based on reported use of an explicit retrieval strategyows s Tables 3
and 4, young and older subjects who claimed on the awareness questionnaire to have used

explicit retrieval produced a similar pattern of reaction times in each oétifeval
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conditions. The third form of evidence against the involvement of explicit procegbes i
paradigm employed comes from Experiment 3, in which associative primsglinanated
via a manipulation of incidental versus intentional encoding, despite the revect®effe
associative recognition. Future use of the associative speededadéissifparadigm would
benefit from a thorough analysis of whether, and how, it responds to additional encoding
manipulations known to affect explicit memory, including levels of processing or divide
attention. It is curious that associative priming was eliminated in Expstithdespite no
difference in priming based on reported explicit strategy use in Experithanis 2. One
possible explanation for this difference is that explicit associas@gnition performance
following incidental encoding may not have been high enough to support utility opleitex
retrieval strategy. In contrast, when explicit memory for studiels$ tnhas improved via a
manipulation of intentional encoding, performance for studied trials (i.e., everyduri
implicit testing) may have then become affected by strategy use. Thibiptysis consistent
with the finding that the elimination of priming was driven specifically bipaisg of
reaction time to intact pairs, the only stimuli that were associated witbraapsociative
response. This slowing effect on the intact trials (i.e., studied triatenhsstent with other
studies in the literature (e.g., Horton et al., 2001) showing that explicit straggyes more
time than automatic retrieval. Given this possibility, it would be especmpgitant in
future studies to conduct Experiment 3 in an older adult sample. If intentional ena@deng
to improve young adults’ explicit memory to a significantly larger rextiean older adults, it
would be of considerable theoretical interest to determine whether the revecsermef
associative priming would occur in a similarly graded manner betweegéhgraups.

Future research will be needed to delineate the cognitive mechanism driving the
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dissociative effect of incidental and intentional encoding on implicit and exgdisdciative
memory in Experiment 3. One feature of Experiment 3 that could have contributed to the
dissociation is that performance on the explicit recognition test may hagéttezl from
practice effects more than the implicit reaction time task. Imteatiencoding always
followed incidental encoding; that is, the order of encoding manipulations coube not
counterbalanced, because completing the intentional encoding task first wiguidetg
influence strategies during the subsequent encoding session, even if subjeatstuected
otherwise. Importantly, the transfer between the two implicit testsnrstef overall
cognitive operations may not have been as high as the transfer betweeniditetesgsl For
instance, although the instructions were the same in both implicit tests, isilsl@disat the
intentional encoding manipulation induced the adoption of an explicit strategy orcoimel se
implicit test. In this case, the overall cognitive approach to the two imasts would be
lower than the approach to the explicit tests, in which strategy would have bempanent
in both. In turn, practice effects may have been minimized or prevented in thatitept,
where as explicit recognition performance may have benefitted fromad¢éasi-related
improvement. In summary, although further data are needed to clarify themsu of why
intentional encoding eliminates associative priming, the critical poinqdrésent purposes is
that it offers a strong argument against explicit contamination in the spes=steibsive
classification task.

While the study of associative priming offers one way in which to examinééloe e
of aging on nonconscious (i.e., unintentional) associative processing, the study of rapid
response learning offers a complementary method. As described eartieas £xamining

the rapid learning of the association between a stimulus and a task-spepibicse required
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for that stimulus have recently provided key evidence for a mechanism undeelyéeimion
priming on speeded classification tasks (Dobbins et al., 2004; Horner & Henson, 2008;
Horner & Henson, 2009; Schnyer et al., 2006; Schnyer et al., 2007). Although previous
theoretical accounts, such as a neural sharpening mechanism (Wiggs & Martinha968)
been successful in explaining certain instances of priming, especiallyrtagkih the
stimulus is changed from study to test (Schacter, Wig & Stevens, 2007), rapid eespons
learning may be more successful in accounting for priming on speeded cédissiftasks in
which the stimulus remains constant (Dobbins et al., 2004; Horner & Henson, 2008, 2009;
Schnyer et al., 2007; see also Logan, 1988). Experiments 4 and 5 provide further evidence of
the hypothesis that rapid response learning underlies priming on speededatassifasks.
Experiment 4 showed that cue inversion reduced priming using a speeded insak/outsi
judgment, and in Experiment 5 cue inversion eliminated priming on an associatioa oérs
this task. Importantly, both young and older adults demonstrated rapid responsglearni
Thus, older adults formed an incidental stimulus-response association to the sarhasex
young adults.

Of note, Dobbins et al. (2004) found evidence of neural priming in left PFC when the
classification decision cue was the same from study to test, but cue invessigpieti
priming in this region; this pattern provided key evidence that rapid responsedearnin
reflects increased automatized processing in the context of decreasetivexgrocesses. A
population with an impairment in strategic retrieval processes should thug bgmrefiing
on prior responses, and the lack of age differences in rapid response learnirty tigswi
hypothesis. A functional neuroimaging approach would be an important futureairfsti

Experiments 4 and 5, to determine whether, under conditions of cue reversal, changes in
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neural priming occur similarly in both age groups.

Experiment 5 also produced a dissociation between item priming and associative
priming, such that cue reversal eliminated associative priming (in whigeated pair was
compared with a recombined pair) but had no effect on item priming (in which a recombined
pair was compared with a new pair). This dissociation is particulariesiieg given that
the item-level decision did not change from study to test. That is, the decisanyfor
individual item remained constant from study to test, regardless of wheth&emhmat
appeared in an intact pair or a recombined pair. For instance, the claesifiteision for
the itemoven when paired initially witliree, would be that it is more likely to be found
inside a house. The decision cuedgenthen remained constant, regardless of whether its
associative pairing was intact at test€n—tre@ or was recombinedyen—basketball)
Because the prior object-level response always remained appropriateigbhhdave
reasonably assumed that this preserved correspondence would contribeiteatdia of
performance in both item and associative priming. However, the preserveagooim
recombined pairs relative to novel pairs was unaffected by whether or not the gpanse
remained appropriate (i.e., was independent of whether the previously selecedaursty
not selected probe was the correct response). One possible explanatianfioditig relates
to the high degree of perceptual specificity that appears to accompanyesgmdse
learning. For instance, Schnyer et al. (2007) found that cue reversal did not rechicg pr
on speeded size classification for trials in which a different exemplartofli@d object had
been presented. In the present study, the comparison of recombined versus nefegaas of
measure of item priming, but the stimulus as a whole was not visually percestadya

Although the manipulation by Schnyer et al. (2007) and the present study are veentiffe
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paradigms, they may converge on the suggestion of a high degree of percepifictyspec
the effect of rapid response learning on speeded classification tests. théuwtigsociation
between item and associative priming in Experiment 5 indicates that rgpahsedearning
does not underlie all forms of priming, even within speeded classificatian bestrather
occurs for tasks or environments in which the stimulus remains constant (Logan, 1988;
Schacter et al., 2004; Schnyer et al., 2007).

To summarize the behavioral studies, no evidence was provided of an age difference
in speeded associative size or inside/outside classification of objects rapidimesponse
learning within repetition priming or associative priming. Taken togethe present studies
thus provide an important example of a form of associative processing that is ivedhnpa
older adults. These results can be used to inform the broader theoretical friasnefwor
episodic memory decline. The hypotheses of impaired strategic reicoileersus impaired
binding processes share several features, such that some aspects oéthelatado not
necessatrily distinguish between these theories. For instance, thefaigandd in associative
recognition in Experiment 2 coupled with no age difference in item recognitcamssstent
with a large set of findings in the literature showing a substantially laggeeffect in
memory for associative/contextual details relative to single coneens iOld & Naveh-
Benjamin, 2008; Spencer & Raz, 1995). While this general pattern has been iedeasran
age-related deficit in associative processing (Chalfonte & Johnson, 1996; Bewemin,
2000), this pattern is also consistent with impaired recollection coupled withvyaese
familiarity (Jacoby, 1999; Jennings & Jacoby, 1999; Naveh-Benjamin et al., 200@). Mor
specifically, as in many previous studies (e.g., Naveh-Benjamin, 2000; Bavgémin et

al., 2009), the lower associative recognition accuracy in older adults in eactcofrém
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studies was driven by an increased rate of false alarms to recombined ipairscombined
pairs thus acted as lures, supporting the hypothesis that older adults do recognize the
individual units but not the way in which units are bound together. This pattern of an
increased false alarm rate to recombined pairs has been used as evatenidertladults are
less able to use recollection of specific contextual episodes to counteraditece of

item familiarity (Jacoby, 1999).

Although the recognition data in Experiment 2 are supportive of both a binding
deficit and a recollection deficit, the fact that a larger age differanassociative relative to
item memory was only observed on the explicit measure is consistent wypa@hdsis that
emphasizes impairments in recollection. More specifically: at theveak stage, the results
of Experiment 2 are supportive of a specific age-related decline in intenticatajs
retrieval of associations, rather than a generalized decline inassoprocessing or even a
generalized decline in strategic, consciously-controlled memory pred@dsieh would also
affect item recognition). At the encoding stage, the current resulssippertive of age-
related preservations in associative encoding, at least under incidemkifibosn Although
there has been some evidence of an age-related (explicit) memorgmpiaivhen preceded
by incidental associative encoding, albeit smaller than under intentionaticoadOIld &
Naveh-Benjamin, 2008), the results in the present experiments fit with a growygfod
research showing that when associative tasks do not require elaborative encatlatggic
retrieval mechanisms, older adults perform at the level of young adults @06; Howard,
Howard, Dennis, LaVine & Valentino, 2008; Howard, Howard, Dennis, Yankovich &
Vaidya, 2004). Interestingly, not all the literature is suggestive of anedajed deficit in

intentional associative encoding, either. For instance, while older aghittalty show
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poorer recall performance, they actually chunk information similarly wivedearned
sequences are not longer than 6 items (e.g., Allen & Coyne, 1988, Allen & Coyne, 1989;
Allen & Crozier, 1991). When sequences are longer, older adults do show deficits in
chunking (Naveh-Benjamin, Cowan, Kilb, & Chen, 2007), an effect that may be driven by
age-related limitations in generalized processing resources.

Although the finding of unimpaired implicit associative memory can be seen as
evidence that the items were initially encoded together with their peeseotext, an
alternative possibility worth considering is that implicit and explicitmagy are sensitive to
different features of an encoded event. That is, it may be the case thait iamoliexplicit
memory do not share access to the same mnemonic information, implying that the afspe
an encoded event that are available for implicit memory are fundamettédhgnt from the
aspects that are available for explicit memory. This would suggest thatestdindeatures
of the initial stimuli may have been encoded and bound by the older adults. Resdagch in t
neuropsychological literature distinguishes between systems that supparatiez!

(explicit) memories, which are described as fundamentally flexabtaiure, and
nondeclarative (implicit) memories, which are fixed and rigid (Cohen, Poldrack
Eichenbaum, 1997). The characteristics of flexible versus fixed memagsegpations can
be seen as an analogue to the distinction between relational and conjunctive birnduag tha
described in the discussion of Experiment 6. Little is currently known about thalitgxf
implicit associative memories. It would be important in a future study toiegahe effects
of aging on flexible versus fused associative memory representations, ihoonegy
determine whether equivalent priming in young and older adults reflectssaodte same

or a different memory representation.

137



In addition to the current behavioral studies, the present dissertation involved a
functional neuroimaging study that examined the neural basis of assoomemaory.
Specifically, Experiment 6 was a replication of Experiment 2 using eviaeddMRI, to
determine the roles of MTL and PFC regions during associative primingsaodative
recognition in young and older adults. More generally, a functional neagoig approach
complements the behavioral findings in trying to understand the neural basig thfevh
present series of experiments observed no age difference in implicit miEmoey
associations, given the well-established findings of large age difEsen explicit memory.

Experiment 6 contributes to a growing literature that highlights the isapoetof
MTL regions during multiple types of relational processing. Indeed, dufpp®campus was
observed in both young and older adults during both implicit and explicit retrieval of new
object-object associations. In addition, while the primary focus of each of tleatcur
experiments was priming of new conceptual associations, Experiment 6 also madfléhes
re-colored trials to examine a form of perceptual (i.e., object-color) assegpriming. As
described previously, deactivations in MTL regions were observed during primtingsef
object-feature associations. The involvement of MTL regions is consistirnliteiature
showing that the medial temporal lobes contribute to the initial binding of intnadite.,
item- feature) relationships at encoding (Cansino, Maquet, Dolan & Rugg, 200, Princ
Daselaar & Cabeza, 2005), even under rapid, incidental conditions (for a review, see
O'Reilly & Rudy, 2001). Of note, however, the neuroimaging literature haswaysl
observed MTL activity during priming when the stimuli involve alterations taiém
contextual details (e.g., changes in perceptual modality, Buckner et al., 20@8jrGauett

al., 2003). Indeed, the current literature appears to lack a systematicaraizdtion of
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when implicit intra-item retrieval reflects a type of associativenipig, rather than a type of
item priming. Although the involvement of MTL regions during intra-item primingctel
seen as consistent widlssociativestatus, whereas priming that does not involve MTL
regions is consistent wiitem status, this method of classification is susceptible to circular
reasoning. Establishing a classification system for what comprissessaaiation versus an
item is a critical direction for future research, at both a behavioral amdlnevel.

The finding of active MTL during unintentional relational retrieval mirrbesole of
this region during incidental relational encoding. For instance, Jackson arade®¢R@04)
found that the initial encoding of word pair trials that were later remegdiseiccessfully
was correlated with activity in left anterior hippocampus and bilateralten&bicortex,
supporting the critical role of these regions in successful binding under incidentaiczendi
(see also Hannula & Ranganath, 2008 and Hannula & Ranganath, 2009 for similar findings).
Likewise, Schendan et al. (2003) examined a sequence learning (sari@iréime) task, a
form of spatiotemporal associative learning that produces faster respoasedia cue for
repeated sequences relative to randomly generated new sequences. Aégakieaction
time task, subjects completed one of several explicit tests of the preceguanses. Both
implicit and explicit retrieval correlated with bilateral MTL actw{including hippocampus,
entorhinal cortex and parahippocampal cortex), although MTL activity atecewith PFC
activity only during the explicit test. Moreover, participants who wergsdiad as unaware
of the repeating patterns showed MTL activation that was indistinguishabidtiose
classified as test-aware, and the MTL activity during implicitriesy was uncorrelated with
the successful performance on the explicit sequence tests, providingcevikdahlearning

was nonconscious. These findings are consistent with the data from Experiment 6 in
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highlighting the importance of MTL regions in associative-binding procésdependently
from level of awareness.

Relatedly, while the importance of examining explicit contamination during
associative priming was discussed previously in terms of the behavioral Enthiggissue is
independently relevant for the neuroimaging data. fMRI of priming studliess$ also
consider the possibility that brain activity is affected by awarenese attidy-test
connection and the potentially ensuing adoption of an explicit retrieval stréteglescribed
previously, Experiment 3 demonstrated that explicit retrieval processes coebdptet the
behavioral priming effect between intact and recombined trials, as the samplation
that induced improved explicit performance eliminated associative priming. Thi
dissociation helps to explain why the present fMRI study produced a diffesetfitfrom
some prior tasks of associative priming that observed activity in prefrontek @rtl which
may have involved concurrent explicit processes (e.g., Bayadgian, et al., 260@&)diRg
this general concern of unintentional explicit involvement, however, a potkemitalttion of
Experiment 6 is that during explicit testing, subjects did produce more tt@sponses to
intact pairs (hits) than to recombined pairs (correct rejections). Thimeamory difference
for the two types of trials during explicit testing leaves open the possibitityconscious
awareness of the study-test connection during implicit testing would have beetikaly
for intact trials than for recombined. If this were the case, then one coulohaiely argue
that neural activations more associated with intact trials than recomiouledbe
confounded by explicit processes. However, this possibility is unlikely in tisergrstudy.
Explicit retrieval is not only dependent on the hippocampus but on connectivity between the

hippocampus and prefrontal and parietal regions, with intentional retrieval ardsutc
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recollection associated with increased activithath hippocampus and PFC (Schacter &
Buckner, 1998b) as well as parietal regions (Cabeza et al., 2006; Wilding, 2000). The curre
study replicated this typical pattern in during explicit retrieval dyging implicit retrieval

there werencreasesn activity in hippocampus coupled wittecreases activity in

prefrontal and parietal regions. The negative relationship observed betweeretiiess

during conceptual associative priming argues against the possibility tleattithey in the
hippocampus was driven by explicit processes. Instead, it is more supportive ofdhe not
that relational binding is the common mechanism on which both explicit and implicit
associative retrieval rely.

In addition to examining the role of the hippocampus and adjacent MTL regions
during implicit associative retrieval in young adults, Experiment 6 alammed the effect
of aging on the neural basis of associative priming. The findings for each speatfiast
were considered in detail in the discussion section for Experiment 6. More biuaséyer,
an important question is whether the neural activation findings can contribute toénal ge
theoretical frameworks of associative-binding versus strategitleetion deficits. As
described earlier, although some aspects of the present behavioral studmsallye
supportive of a binding deficit and a recollection deficit, the implicit testatg are more
supportive of a deficit in recollection. The neuroimaging results of impdists are
somewhat less straightforward. For instance, preserved neural priming ceealenbas
indicative of preserved encoding operations. Indeed, deactivations associatexpeatied
but not new stimuli are an indication of having initially successfully perceivedoegsed
these stimuli. Thus, a similar pattern of deactivations between young andadudtsr

observed in both item and associative priming supports an emphasis on deficiertt expli
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associative retrieval, rather than encoding. However, the neural regiorectivaigons were
not identical between young and older adults. Thus, one possibility is that priminigin ol
and younger adults — though of equal magnitude — may reflect the encoding or refrieval
different memory representations. Alternatively, it may be the tas®lder adults use some
different neural regions to access the same memory representation. Esgaretm should
work toward distinguishing between these possibilities.

An additional way to assess the distinction between an associative-bindingatefici
a recollection deficit is to consider the age differences in activation in the hippas
versus the rhinal cortex. During conceptual associative priming, young andddter a
showed similar activations in some MTL regions, with greater activitpguntact relative
to recombined pairs in left hippocampus and right entorhinal cortex in both age groups.
However, young adults engaged additional MTL regions, with greater activityg intact
relative to recombined pairs also in right hippocampus and left parahippocampalAyrus.
similar pattern of age differences was found during perceptual assopiatnfeg. In young
adults, the data showed decreased activity during intact trials retatigecolored trials in
left hippocampus, right entorhinal cortex and left perirhinal cortex. In oldersadejitetition-
related deactivations were not observed in hippocampus, but rather in left anterimnahtor
cortex and right perirhinal cortex. Overall, the pattern of age effects observed during
perceptual associative priming is similar to the one observed during con@gstoeiative
priming, and indicates that aging may be associated with weaker hippocampahfumdtie
context of preserved function in rhinal cortex. This pattern is consistent withretest
findings (e.g., Daselaar et al., 2006) indicating that different subregiong WthMTL may

be differentially affected by aging, with weaker activity in hippocampugtasgervations or
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even over-recruitment of rhinal cortex. In the explicit memory literatedkuced activity in
hippocampus in the context of increased activity in rhinal cortex has been integwreted
consistent with an impairment in recollection coupled with increased relemfzamiliarity
(Daselaar et al., 2006). Indeed, there is a large body of research shaneagea
contribution of the hippocampus to recollection, while the rhinal cortex contributes more to
familiarity (for a review, see Brown & Aggleton, 2001; Yonelinas, Ranganath, and
Eichenbaum, 2008).

However, it is uncertain what accounts for the difference between thésesreg
during implicit associative memory. One possibility is that the rhinaéxa@ttivity observed
typically during familiarity and in the present study during associgtiveing may reflect a
common mechanism of conceptual or perceptual fluency. Familiarity is patticéasitive
to conceptual processing (Wagner & Gabrieli, 1998), and the reengagementirafsféiadt
gives rise to priming may simultaneously influence or bias judgments ofdaiyiljRajaram
& Geraci, 2000). Moreover, a few studies have recently identified an involvemtet of
perirhinal cortex during perceptual discrimination of objects and facesr(&arHenson, Lee
& Graham, 2009) as well as during conceptual priming (O’Kane et al., 2005; Voss, Hauner
& Paller, 2009). As such, it is possible that during associative priming, young iedylts
more on the reengagement of binding processes (linked with the hippocampus), while older
adults may rely more on more a generalized mechanism of perceptual gituaahfeency
(linked with the rhinal cortex). Further data are needed to clarify the pearisg#bution of
the rhinal cortex to processes involved in long-term memory, both explicit and imdloce
generally, however, the present study may represent a case in whichayouolger adults

engage in different component processes to yield a similar behavioral result
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In addition, older adults elicited activity in frontal regions not observed ing/oun
adults that correlated with priming. This study documents the first evidericthaonal
frontal recruitments operate during associative priming, on a task in which ndfagendes
are found behaviorally. During explicit associative retrieval, older adhtiwed reduced
MTL function in the context of increased PFC activity. Taken together, thesrssigijest
that the relative contribution of MTL versus PFC regions to associative me@acliges in
older adults is moderated by the nature of the task. However, an absence deagecdi in
the behavioral measure does not necessarily map onto the same pattern of tnatrahac
in the two age groups. This finding is consistent with patterns of structuresiuncti
reorganization in aging (e.g., Cabeza, 2002; Cabeza et al., 2002; Reuter-LorenzzalSta
2000). Experiment 6 documents the first evidence linking increased activity in right
dorsolateral PFC with successful priming of new associations in older.athgtsesults
show that associative priming joins other manipulations in the literature ¢hassociated
with a re-organization of the neural regions associated with cognitive telskalthy aging,
in particular the recruitment of prefrontal cortical regions that coe®laith better cognitive
performance.

In conclusion, the current data contribute several novel findings to the memory,
aging, and cognitive neuroscience literatures. Collectively, the fingimysde evidence of a
form of associative processing that is preserved in healthy aging. Tindisgs are of
considerable theoretical interest, given the tendency to observe reitiuge in older
adults across a range of associative tasks. Within the broader context afptimicurrent
data show that conceptual associative priming joins other manipulations in diei@éahat

show no or minimal age difference for implicit memory tasks that useaedttie rather
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than accuracy as the dependent measure (Light et al., 2000), and that require
identification/classification rather than production-based responsesctitean & Gabrieli,
1998). Within the broader context of age-related episodic memory decline, thesmeRrfser
suggest that older adults can encode new meaningful associations and accessighem us
automatic retrieval processes, but have difficulty with the conscious gatregérieval of the
same information. In its broadest context, understanding the nature and sogeeataizd
impairments and preservations in memory processes is not only of theorgbcehbimee,

but also has ecologically-valid implications for older adults’ day-to-dayong function;

the ability to bind elements together into a rich, contextual representatunatisllows for
successful and coherent memories of everyday events. Moreover, the corevefgenc
behavioral and cognitive neuroscientific approaches can help to distingustebet
cognitive and cerebral changes that accompany healthy aging from those agedhol
aging. The combination of multiple approaches will help to contribute to a more

comprehensive picture of cognitive aging.
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Table 1

Mean scores on battery of neuropsychological tests

MMSE ANART Vocab Trail Making A Trail Making A Errors il Making B Trail Making B errors Morn/Eve

Experiment 1

OA 29.30  42.87 56.48 27.65 0.00 63 83 0.00 58.59
Experiment 2*

YA 29.97 39.62 49.32 20.61 0.00 49.78 0.00 41.03

OA 29.13 43.58 60.25 33.08 0.00 65 58 0.08 60.46
Experiment 4***

YA 30.00 40.21 55.78 22.45 0.00 58.13 0.00 38.65

OA 29.78  46.28 59.29 30.78 0.00 69 11 0.00 60.17
Experiment 5****

YA 29.83 31.23 47.32 18.64 0.04 55.94 0.00 52.78

OA 29.09 41.26 55.96 34.87 0.00 7474 0.00 60.52
Experiment |

YA 30.00 35.78 51.45 18.75 0.00 48.13 0.00 50.13

OA 29.40 45.60 61.73 31.80 0.04 65 80 0.21 60.27

* YA scores in Exp. 1 were not collected

** Includes data from 31/32 OAs
*** Includes data from 18/24 OAs
**** Includes data from 31/32 OAs
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Table 2
Mean reaction time (and standard deviation) in msec for each for each impliciyp@lin
Experiments 1 and 2

Intact Re-colored Recombined New

Experiment 1

Young 969 (183) N/A 1039 (179) 1101 (198)
old 1320 (322) N/A 1431 (272) 1531 (368)

Experiment 2

Young 868 (142) 882 (168) 917 (156) 1054 (198)

old 1284 (266) 1293 (305) 1373 (313) 1615 (431)
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Table 3

Mean reaction times (and standard deviations) in msec for each implicit trial type as a

function of reported use of an explicit retrieval strategy in Experiment 1

Intact Recombined New
n Young Adults
Explicit Strategy 12 967 (139) 1043 (147) 1152 (165)
No Explicit Strategy 24 970 (204) 1037 (195) 1086 (212)
Old Adults
Explicit Strategy 8 1405 (361) 1489 (238) 1580 (212)
No Explicit Strategy 16 1277 (303) 1402 (291) 1506 (429)
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Table 4

Mean reaction times (and standard deviations) in msec for each implicit trial type, and

proportions of hits and false alarms to recombined and new pairs, as a function of reported
use of an explicit retrieval strategy in Experiment 2

Intact Recombined New Hits FA (Rec) FA (New)
n Young Adults
Explicit Strategy 9 898 (124) 966 (163) 1134 (213) .94 (.07) .72(.23) .10(.03
No Explicit Strategy 23 856 (150) 898 (153) 1022 (182) .89 (.13) .64 (.19) .07 (.14
Old Adults
Explicit Strategy 11 1164 (218) 1254 (347) 1423 (379) .93 (.11) .89 (.12) .09 (.03

No Explicit Strategy 21 1346 (271) 1436 (282) 1716 (430) .94 (.08) .88(.11) .13(.03

Note: Hit rate is the proportion of “old” responses given old status (i.e., correporeses to
intact pairs). False alarm rate is the proportion of “old” responses given new status (i.e.,

incorrect responses to recombined pairs or to new pairs). Accuracy is the proportion of hits
minus the proportion of false alarms.
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Table 5
Proportions of hits to intact pairs, false alarms to recombined pairs, and false alarms to new

pairs (and standard deviations) in Experiment 2

Hits FA-Recombined FA-New
Young 0.90 (.11) 0.66 (.20) 0.03 (.08)
Oold 0.94 (.09) 0.88 (.11) 0.06 (.12)

Note: Hit rate is the proportion of “old” responses given old status (i.e., corregiaeses to
intact pairs). False alarm rate is the proportion of “old” responses given new status (i.e.,
incorrect responses to recombined pairs or to new pairs). Accuracy is the proportion of hits
minus the proportion of false alarms.
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Table 6

Effects of incidental and intentional encoding on proportions of hits and false alarms (and
standard deviations) and on reaction times (and standard deviation) to intact, recombined,
and new implicit trial types in Exp. 3

Recognition

Hits FA-Recombined FA-New
Incidental 0.89 (.15) 0.67 (.17) 0.05 (.17)
Intentional 0.89 (.14) 0.49 (.23) 0.04 (.16)

Priming

Intact Recombined New
Incidental 856 (209) 933 (198) 1169 (381)
Intentional 994 (227) 985 (269) 1163 (290)

Note: Hit rate is the proportion of “old” responses given old status (i.ereobresponses to intact
pairs). False alarm rate is the proportion of “old” responses given new statusiicorrect
responses to recombined pairs or to new pairs). Accuracy is the prapofthots minus the
proportion of false alarms.
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Table 7
Mean reaction times in milliseconds (and standard deviations) for each retrieval oonditi
Experiment 4

Same-Cue Condition Reverse-Cue Condition
Studied New Studied New
Young 784 (264) 918 (328) 1018 (285) 1087 (305)
Old 1060 (269) 1251 (280) 1281 (358) 1364 (346)
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Table 8

Mean reaction time in milliseconds (and standard deviation) for each retrieval condition in
Experiment 5

Same-Cue Condition Reverse-Cue Condition
Intact Recombined New Intact Recombined New
Young 888 (184) 950 (273) 1081 (280) 1002 (212) 992 (250) 1137 (282)
Old 1154 (208) 1227 (271) 1515 (704) 1377 (286) 1394 (288) 1575 (305)
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Table 9

Mean reaction time (and standard deviation) in msec for the implicit retrieval comslidnd
mean proportions (and standard deviations) of hits, false alarms, and accuracy on the
recognition test in Experiment 6

Retrieval Condition

Intact Re-colored Recombined New
Speeded Classification YA 864 (111) 877 (83) 907 (134) 1153 (238)
OA 1021 (157) 1014 (171) 1076 (222) 1307 (335)
Hit Rate False Alarm Rate Accuracy
Associative Recognition YA .81 (.14) A7 (112) 0.34
OA .80 (.14) .66 (.24) 0.14

Note: Hit rate is the proportion of “old” responses given old status (i.ereobresponses to intact
pairs). False alarm rate is the proportion of “old” responses given new statusiicorrect
responses to recombined pairs). Accuracy is the proportion of hits minusotha twn of false
alarms.
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Table 10

Priming effects (i.e., RT differences) in msec (and standard errors) acxpsslEb

Experiment Group Priming
Item Assoc
Exp. 1 YA 69 (28) 70 (20)
OA 100 (46) 111 (23)
Item Assoc
Exp. 2 YA 137 (26) 40 (17)
OA 242 (53) 90 (37)
Item Assoc
Exp. 3 YA - Incidental 235 (56) 77 (29)
YA - Intentional 178 (33) -8.5 (47)
Same cue (item only) Reverse cue (item only)
Exp 4 YA 134 (20) 69 (24)
OA 191 (19) 83 (41)
Item
Same cue Reverse cue
Exp. 5 YA 131 (36) 104 (37)
OA 286 (41) 181 (41)
Assoc
Same cue Reverse cue
Exp. 5 YA 69 (25) -.02 (32)
OA 65 (30) 17 (38)
Item Assoc
Exp. 6 YA 246 (43) 43 (17)
OA 230 (73) 55 (45)
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Table 11

Regions of significance for contrasts of interest in young adults

MNI Coordinates

Contrast Region of Activation Hemisphere BA X y z t-value

Recombined>Intact Medial Frontal Gyrus R 6 12 26 62 8.05
Middle Occipital Gyrus L 19 -30 -80 2 5.66
Middle Temporal Gyrus L 21 -58 4 -14 4.66
Superior Frontal Gyrus L 6 -14 10 68 451
Medial Frontal Gyrus R 6 18 10 54 4.32
Inferior Frontal Gyrus L 44 -50 4 16 4.1
Posterior Cingulate R 29 10 -40 16 3.98
Insula R 13 50 6 6 3.86
Inferior Frontal Gyrus L a7 -34 40 -14 3.84
Superior Temporal Gyrus L 22 -66 -46 20 3.7
Insula L 13 -42 4 4 3.64
Inferior Frontal Gyrus L a7 -22 38 -4 3.57
Medial Frontal Gyrus R 6 8 2 60 3.5
Middle Frontal Gyrus L 9 -36 32 38 3.27
Inferior Frontal Gyrus L a7 -42 20 -4 3.21

Re-colored>Intact Superior Frontal Gyrus R 6 12 26 62 5.43
Parahippocampal Gyrus L 35 -18 -12 -18 4.61
Amygdala L n/a -22 -8 -12 4,57
Superior Frontal Gyrus R 6 12 6 60 4.5
Inferior Temporal Gyrus R 20 46 10 -34 4.44
Middle Occipital Gyrus R 19 46 -82 -12 4.32
Superior Frontal Gyrus R 6 24 -4 60 4.24
Inferior Temporal Gyrus L 21 -60 2 -18 4.14
Inferior Frontal Gyrus L a7 -48 18 4 4.07
Superior Parietal Lobule R 7 26 -60 68 4.05
Middle Frontal Gyrus L 9 -30 30 42 3.87
Middle Frontal Gyrus R 8 32 28 44 3.79
Angular Gyrus R 39 50 -72 28 3.64
Inferior Temporal Gyrus R 20 48 4 -28 3.61
Inferior Frontal Gyrus R a7 34 36 2 3.57
Cingulate Gyrus R 30 30 -50 6 3.46
Inferior Frontal Gyrus L a7 -56 30 -6 3.42
Superior Parietal Lobule R 7 16 -60 72 3.4
Middle Occipital Gyrus R 19 32 -92 6 3.39
Inferior Frontal Gyrus L a7 -26 18 -16 3.29
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Superior Frontal Gyrus L 9 -10 52 32 3.29

New>Recombined Superior Temporal Gyrus L 41 -50 -30 14 6.4
Middle Occipital Gyrus R 19 38 -46 0 5.85
Postcentral Gyrus R 2 40 -24 32 5.28
Middle Temporal Gyrus L 21 -66 -30 2 5.06
Postcentral Gyrus R 40 58 -28 20 4.82
Middle Frontal Gyrus L 6 -30 -12 42 4.75
Transverse Temporal
Gyrus R 42 60 -14 16 4.66
Cingulate Gyrus R 24 8 -4 32 4.55
Paracentral Lobule R 5 24 -44 48 441
Amygdala L n/a -36 2 -20 4.22
Precentral Gyrus L 6 -40 -10 56 4.21
Superior Temporal Gyrus R 22 56 -26 0 4.09
Superior Frontal Gyrus L 6 -12 -4 70 4.02
Insula L 13 -30 -8 26 3.89
Inferior Temporal Gyrus R 20 48 -8 -34 3.87
Cuneus L 7 -12 -70 28 3.86
Cingulate Gyrus L 24 -4 -4 36 3.8
Medial Frontal Gyrus R 6 52 -12 34 3.78
Superior Temporal Gyrus R 41 40 -32 14 3.63
Precentral Gyrus R 4 30 -28 74 3.62
Inferior Temporal Gyrus L 20 -46 4 -46 3.56
Middle Temporal Gyrus L 21 -50 10 -16 3.51
Medial Frontal Gyrus R 6 2 -8 68 3.44
Medial Frontal Gyrus L 10 -14 50 10 3.4
Precuneus R 7 12 -44 52 3.37
Middle Occipital Gyrus L 19 -34 -40 -6 3.28
Inferior Temporal Gyrus R 20 42 14 -42 3.23
Anterior Cingulate Gyrus L 24 -12 -22 38 3.2

Hits>Correct Rejections  Superior Temporal Gyrus R 2 2 40 -58 12 4.04
Inferior Frontal Gyrus R 11 14 46 -18 3.79
Precuneus R 7 8 -74 36 3.59
Inferior Frontal Gyrus L a7 -34 26 -10 3.54

Note: Regions significant at uncorrected p<.005 with a cluster extent threshold of k>5. R,
right; L, left; BA, approximate Brodmann area based on coordinates.
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Table 12

Regions of significance for contrasts of interest in older adults

Recombined>Intact

Re-colored>Intact

MNI

Coordinates
Region of Activation Hemisphere BA X y z t-value
Middle Frontal Gyrus L 11 -24 34 -18 4.98
Superior Parietal Lobule R 7 38 -72 52 4,77
Medial Frontal Gyrus R 10 4 58 -2 4.66
Middle Frontal Gyrus L 9 26 22 36 4.56
Superior Frontal Gyrus L 10 -18 64 14 4.49
Inferior Frontal Gyrus L 45 60 20 4 4.17
Cuneus R 17 12 -92 6 3.98
Middle Temporal Gyrus R 39 40 -76 26 3.95
Middle Frontal Gyrus L 10 -34 46 8 3.84
Precuneus L 7 -24  -76 52 3.71
Posterior Cingulate R 29 8 -38 14 3.63
Fusiform Gyrus L 37 -46 -56 -16 3.58
Precuneus R 31 16 -50 36 3.47
Cingulate Gyrus R 23 10 -28 28 6.10
Cingulate Gyrus L 31 -18 -58 26 4.93
Cingulate Gyrus L 31 -10 -42 34 3.47
Cuneus L 19 -10 -82 32 3.60
Insula L 13 -34 -42 18 8.47
Insula L 13 -30 -30 24 4.07
Insula R 13 38 -20 20 3.42
Lingual Gyrus L 18 -10 -56 4 4.58
Middle Occipital Gyrus R 19 30 -82 18 4.08
Middle Temporal Gyrus R 39 38 -68 20 3.50
Postcentral Gyrus L 40 -52 -28 18 4.68
Postcentral Gyrus R 3 30 40 50 3.70
Precentral Gyrus R 6 4 -8 36 3.65
Precentral Gyrus R 6 52 -8 42 3.41
Precuneus R 39 44 72 32 4.99
Precuneus L 31 -16 -68 24 4.27
Superior Temporal Gyrus R 22 66 -46 20 4.37
Superior Temporal Gyrus R 13 58 -42 18 3.26
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New>Recombined

Middle Frontal Gyrus 11 24 54 -10 6.96
Precentral Gyrus 6 50 -6 24 4.85
Postcentral Gyrus 43 64 -16 22 4.66
Hits>Correct Rejections Precentral Gyrus 6 -38 -14 38 6.22
Precentral Gyrus 6 -36 -12 40 4.22

Note: Regions significant at uncorrected p<.005 with a cluster extent threshold of k>5. R,

right; L, left; BA, approximate Brodmann area based on coordinates.
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Table 13

Regions of activation common to young and older adults

MNI Coordinates

t-

Contrast Region of Activation Hemisphere BA y zvalue

Recombined>Intact Inferior Frontal Gyrus L 44 -48 0 22 4.22
Posterior Cingulate R 29 8 -38 14 3.2
Inferior Parietal Lobule R 40 58 -48 50 3.03
Insula R 13 34 -42 20 2.47
Precentral Gyrus R 44 52 6 2.31
Precentral Gyrus L 44 -50 10 2.06

Re-colored>Intact Angular Gyrus R 39 48 -74 30 5.93
Sub-Gyral R 6 18 -8 56 4.23
Hippocampus L n/a -28 -38 2 4.15
Middle Temporal Gyrus L 39 -32 -60 22 4.07
Precuneus L 39 -36 -70 30 3.82
Middle Temporal Gyrus R 39 50 =72 20 3.53
Postcentral Gyrus R 3 30 -40 50 3.31
Precuneus L 31 -14 -66 24 3.27
Hippocampus L n/a -36 -6 -20 3.15
Posterior Cingulate L 30 -8 -54 12 2.89
Inferior Frontal Gyrus L 44 -48 0 18 2.84
Middle Occipital Gyrus L 19 -50 -56 -12 2.83
Precuneus L 31 -22 -70 20 2.69
Posterior Cingulate R 29 10 -44 16 2.66
Superior Temporal Gyrus L 22 -46 -38 2 2.6
Lingual Gyrus R 18 18 -80 -18 2.56
Middle Occipital Gyrus R 19 32 -90 10 2.54
Cuneus R 18 16 -90 22 2.49
Cuneus R 7 8 -70 32 2.39
Middle Occipital Gyrus R 18 44 -74 -18 2.38
Precuneus R 31 18 -66 26 2.33
Superior Temporal Gyrus R 39 40 -52 28 2.33
Precuneus L 19 -20 -86 36 2.3
Precuneus L 19 -26 -84 38 2.29
Precuneus L 19 -32 -78 32 2.27
Parahippocampal Gyrus L 28 -22 -12 -22 2.26
Sub-Gyral R 6 24 2 62 2.26
Lingual Gyrus R 17 14 -92 -14 2.25
Middle Frontal Gyrus R 8 26 36 42 2.25
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Middle Temporal Gyrus L 21 -52 -46 6 2.17
Hippocampus L n/a -36 -26 -12 2.13
Posterior Cingulate R 31 14 -56 18 2.01
Middle Frontal Gyrus R 6 32 6 48 1.97
Cingulate Gyrus R 32 16 4 48 1.93
Amygdala R 26 6 -14 1.92
Inferior Occipital Gyrus L 18 -38 -80 -20 1.91
Parahippocampal Gyrus R 28 18 -8 -22 1.84
New>Recombined Postcentral Gyrus R 43 52 -10 20 553
Anterior Cingulate R 32 20 38 6 4.68
Superior Parietal Lobule L 7 -34 -66 46 4.34
Postcentral Gyrus L 1 -62 -18 24 4.21
Anterior Cingulate L 32 -16 44 12 4
Precentral Gyrus R 6 46 -10 28 3.96
Cingulate Gyrus L 23 -10 -30 30 3.9
Postcentral Gyrus R 40 56 -30 22 3.88
Superior Frontal Gyrus L 6 -20 -6 74 3.58
Fusiform Gyrus R 20 50 -12 -38 3.46
Precentral Gyrus L -38 -18 46 3.37
Superior Frontal Gyrus L 9 -12 56 44 2.83
Superior Frontal Gyrus R 22 -6 76 2.76
Superior Frontal Gyrus L 6 -10 -6 72 2.72
Parahippocampal Gyrus R 36 30 -6 -38 2.54
Postcentral Gyrus L 3 -10 -36 72 2.53
Superior Frontal Gyrus R 6 12 -18 78 2.51
Anterior Cingulate L 32 -24 32 16 2.44
Superior Frontal Gyrus L 8 -12 48 48 2.33
Superior Frontal Gyrus L 10 -18 54 0 2.3
Superior Frontal Gyrus L 9 -20 48 42 2.29
Precentral Gyrus R 20 -30 74 2.28
Postcentral Gyrus L 3 -22 -34 76 2.21
Precentral Gyrus R 6 26 -24 74 2.18
Middle Temporal Gyrus R 21 38 12 -30 2
Superior Temporal Gyrus R 21 54 0 -10 1.95
Precentral Gyrus R 6 24 -20 78 1.92
Hits>Correct Rejections  Cingulate Gyrus L 32 -10 24 34 2.21

Note: Regions significant at uncorrected p<.005 with a cluster extenhibicesf k>5. R, right; L,
left; BA, approximate Brodmann area based on coordinates.
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Table 14

Regions more active in young than older adults

Recombined>Intact

Recolored>Intact

New>Recombined

MNI
Coordinates

Region of Activation Hemisphere BA X y z t-value
Superior Frontal Gyrus R 6 12 26 62 4.99
Middle Frontal Gyrus L 11 -22 40 -2 4.78
Superior Frontal Gyrus R 920 42 40 4.14
Medial Frontal Gyrus R 6 18 8 56 4.12
Middle Temporal Gyrus L 21 -58 -16 3.51
Middle Frontal Gyrus R 10 30 46 6 3.27
Inferior Frontal Gyrus L 47 42 22 -10 3.19
Superior Frontal Gyrus R 6 10 26 60 5.81
Superior Parietal Lobule R 7 24 -62 68 4.87
Medial Frontal Gyrus L 9 -4 50 32 4.82
Medial Frontal Gyrus L 11 -10 54 -18 4.55
Superior Frontal Gyrus R 8 8 30 48 3.95
Inferior Frontal Gyrus L 47 -26 20 -16 3.67
Superior Frontal Gyrus R 6 10 6 62 3.54
Medial Frontal Gyrus R 6 16 8 56 3.52
Superior Frontal Gyrus R 9 4 50 36 3.47
Inferior Parietal Lobule R 40 42 -56 60 3.39
Inferior Frontal Gyrus L 47 56 30 -2 3.37
Superior Frontal Gyrus R 8 18 36 56 3.24
Medial Frontal Gyrus L 6 -8 -30 60 3.15
Anterior Cingulate L 24 14 18 22 3.11
Superior Frontal Gyrus R 9 12 52 40 2.86
Cingulate Gyrus R 24 12 2 42 3.83
Cingulate Gyrus L 24 -10 2 44 3.19
Cingulate Gyrus R 24 4 -2 30 2.99
Fusiform Gyrus L 37 -46 -56 -14 3.37
Inferior Frontal Gyrus R 46 40 38 14 4.47
Inferior Temporal Gyrus R 20 56 -42 -12 3.26
Medial Frontal Gyrus R 9 10 40 28 3.62
Middle Frontal Gyrus L 6 -34 8 44 3.25
Associative Visual Cortex R 19 32 -44 -8 4.48
Cingulate Gyrus L 30 -32 -52 2 3.33
Precentral Gyrus L 6 40 -6 42 3.11
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Precuneus L 7 -8 -66 30 34

24 18 6 50 4.88
18 -8 -68 2 4.38
20 46 -26 -16 4.29
19 -28 -64 4 4.26

22 40 -58 12 4.24
19 28 -80 32 4.06

22 50 -34 6 3.92
11 40 42 -16 3.87
47 -38 30 -16 3.85
7 8 -72 32 3.83
21 60 -34 -14 3.74
39 44 -64 32 3.68

13 42 -14 -10 3.65

39 52 60 30 3.65
47 -40 20 -6 3.61

22 50 8 4 3.61
47 26 28 -14 3.48
a7 38 22 4 3.35
21 56 -28 -10 3.28
44 48 10 12 3.27
47 48 28 -6 3.26

7 -4 -66 30 3.25
20 48 -16 -16 3.20

38 48 20 -12 3.20
13 -34 20 -14 3.10
47 30 28 -6 3.02

38 58 10 -6 3.00
31 8 -62 30 2.94

Hits>Correct Rejections Cingulate Gyrus
Lingual Gyrus
Fusiform Gyrus
Lingual Gyrus
Superior Temporal Gyrus
Precuneus
Superior Temporal Gyrus
Middle Frontal Gyrus
Inferior Frontal Gyrus
Cuneus
Middle Temporal Gyrus
Angular Gyrus
Insula
Superior Temporal Gyrus
Inferior Frontal Gyrus
Superior Temporal Gyrus
Inferior Frontal Gyrus
Inferior Frontal Gyrus
Middle Temporal Gyrus
Precentral Gyrus
Inferior Frontal Gyrus
Precuneus
Inferior Temporal Gyrus
Superior Temporal Gyrus
Inferior Frontal Gyrus
Inferior Frontal Gyrus
Superior Temporal Gyrus
Cingulate Gyrus

;U;U:Ur;Uu—r—:U;g;u;Ul—;Ul—;U'_?U;u:Ul—:U;U;u;U":U":U

Note: Regions significant at uncorrected p<.005 with a cluster extenhibicesf k>5. R, right; L,
left; BA, approximate Brodmann area based on coordinates.
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Table 15

Regions more active in older than young adults

Recombined>Intact

Re-colored>Intact

MNI Coordinates

Region of Activation Hemisphere BA X y z t-value
Parahippocampal Gyrus R 19 38 -46 -8 3.55
Middle Frontal Gyrus L 10 -34 48 8 3.53
Fusiform Gyrus R 20 54 -8 -26 3.52
Cuneus L 19 -10 -80 32 3.46
Middle Frontal Gyrus L 10 -30 44 18 3.46
Lingual Gyrus R 18 34 -72 -10 3.37
Inferior Occipital Gyrus L 18 -36 -82 -8 3.3
Insula R 13 36 6 16 3.24
Fusiform Gyrus L 37 -46 -58 -14 3.23
Cingulate Gyrus L 24 -14 -2 42 3.2
Parahippocampal Gyrus L 30 -30 -56 -2 3.2
Superior Frontal Gyrus L 10 -20 60 -2 3.19
Lingual Gyrus L 19 -16 -62 -8 3.17
Cingulate Gyrus L 32 -14 30 30 3.14
Middle Frontal Gyrus L 9 -52 28 34 3.14
Insula L 13 -30 -26 26 3.09
Inferior Parietal Lobule R 40 46 -60 46 3.05
Superior Occipital

Gyrus R 19 36 -80 26 3.02
Cuneus L 7 -10 =72 30 2.96
Precuneus R 7 10 -80 52 2.94
Cuneus L 19 -8 -84 32 4.05
Cuneus L 18 -4 -88 10 3.33
Inferior Occipital Gyrus R 19 38 -70 -4 3.28
Insula L 13 -32 -42 18 3.96
Insula R 13 30 -26 24 3.77
Insula L 13 -36 -26 28 3.55
Insula R 41 34 -28 10 3.46
Lingual Gyrus R 19 20 -56 -4 3.07
Middle Occipital Gyrus R 19 28 -84 14 4.16
Parahippocampal Gyrus R 28 18 -4 -30 3.26
Parahippocampal Gyrus R 36 32 -8 -38 3.07
Posterior Cingulate L 30 -16 -56 18 3.62
Superior Temporal

Gyrus R 22 66 -50 20 3.19
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Superior Temporal
New>Recombined Gyrus R 22 38 -54 8 3.31

Hits>Correct Rejections Cingulate Gyrus L 31 -22 -24 44 3.66
Precentral Gyrus L 6 -34 -12 32 3.27
Middle Frontal Gyrus L 10 -30 42 20 3.24
Inferior Frontal Gyrus L 45 -58 26 16 3.20
Anterior Cingulate L 32 -12 28 24 3.17
Superior Parietal Lobule L 7 -16 -68 64 3.08

Note: Regions significant at uncorrected p<.005 with a cluster extesdhbid of k>5. R, right; L,
left; BA, approximate Brodmann area based on coordinates.
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Table 16

Hypothesized MTL regions elicited as conceptual associative activations and perceptual

associative deactivations

MNI Coordinates

Intact>Recombined YA

OA

Re-colored>Intact YA

OA

Region of Activation Hemisphere BA X y z value
Hippocampus L n/a -30 0 -22 1.83
Hippocampus R n/a 30 -20 -8 1.81
Parahippocampal Gyrus R 28 20 -4 -30 1.80
Parahippocampal Gyrus L 36 -44 -28 -14 1.71
Hippocampus L n/a -32 -6 -14 3.46
Parahippocampal Gyrus R 28 22 -8 -24 1.91
Parahippocampal Gyrus L 35 -18 -12 -18 4.61
Hippocampus L n/a -38 -4 -18 3.43
Parahippocampal Gyrus R 28 20 -8 -22 2.01
Parahippocampal Gyrus L 34 -12 6 -16 2.62
Parahippocampal Gyrus R 35 18 -42 0 2.47

Note: Regions significant at uncorrected p<.05 with a cluster extent threshk#dl0. R, right; L,

left; BA, approximate Brodmann area based on coordinates.

189



Table 17

Hypothesized regions of activation associated with successful explicit relatbneval

MNI Coordinates

Region of Activation Hemisphere BA X y z t-value
YA Inferior Parietal Lobule R 40 60 -52 44 2.9
Fusiform Gyrus R 37 38 -34 -8 2.6
Inferior Parietal Lobule R 40 50 -62 50 2.35
Middle Frontal Gyrus R 9 34 18 38 2.26
Middle Frontal Gyrus R 46 54 26 30 2.22
Hippocampus R n/a 28 0 -26 2.2
OA Precuneus L 7 -6 -68 44 2.80
Precuneus R 7 10 -70 36 2.70
Inferior Parietal Lobule L 40 -32 -42 36 2.69
Inferior Frontal Gyrus L 11 -18 46 -20 2.27
Inferior Parietal Lobule R 40 68 -36 36 2.15
Middle Frontal Gyrus L 47 -44 40 4 1.96
Medial Frontal Gyrus R 11 4 44 -16 1.95

Note: Regions significant at uncorrected p<.05 with a cluster extent threshk#dl 0. R, right; L,

left; BA, approximate Brodmann area based on coordinates.
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Table 18

Hypothesized frontal regions more active in OAs than YAs

MNI Coordinates

Contrast Region of Activation Hemispher8A X y z t-value
Intact>Recombined Middle Frontal Gyrus L 11 -22 40 -2 4.78
Superior Frontal Gyrus R 9 20 42 40 4.14
Middle Frontal Gyrus R 10 30 46 6 3.27
Inferior Frontal Gyrus L 47 -42 22 -10 3.19
Intact>Re-colored Medial Frontal Gyrus L 11 -10 54 -18 4.55
Inferior Frontal Gyrus L 47 -26 20 -16 3.67
Inferior Frontal Gyrus L 47 -56 30 -2 3.37
Medial Frontal Gyrus L 9 -4 50 32 4.82
Superior Frontal Gyrus R 9 4 50 36 3.47
Superior Frontal Gyrus R 9 12 52 40 2.86
Recombined>New Medial Frontal Gyrus R 9 10 40 28 3.62
Inferior Frontal Gyrus R 46 40 38 14 4.47
Hits>Correct Rejections  Middle Frontal Gyrus L 10 30- 42 20 3.24
Inferior Frontal Gyrus L 45 -58 26 16 3.20

Note: Regions significant at uncorrected p<.005 with a cluster extent threshold of k>5. R,
right; L, left; BA, approximate Brodmann area based on coordinates
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Figure 1.Parameter estimates in medial temporal regions that were moredgiivg intact
than recombined trials
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Figure 2.Regions more active in older than young adults during intact relativecimbared
trials.
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Note: Statistically significant activity is superimposed onto a canbsiogle-subject anatomical T1
image. Circled area corresponds to right dorsolateral PFC in BA 9 (coordirzfte42, 40 in MNI
space).

193



Figure 3.Parameters estimates in medial temporal regions that were meeedging re-
colored than intact trials.
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Figure 4.Regions more active in older than younger adults during intact relative to re-
colored trials.
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Note: Statistically significant activity is superimposed onto a canonical singleesubje
anatomical T1 image. Circled area corresponds to right dorsolateral PFC in BA 9
(coordinates 12, -52, 40 in MNI space).
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