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Abstract

This thesis examines how the context in which amiis studied affects the
phenomenological experience of the remembereridrevesearch has extensively studied how the
match between study and test context affect suleseeguemory performance; however, little work
has attempted to examine how visual context inftiongrovided at study affects later recollection
when that context information is not re-presente@@ieval. In particular, the quality of the mermyo
retrieved may be enhanced when highly meaningfulalicontext information is provided at study.

In each of seven experiments in the current thpaisicipants studied words presented with context
information high or low in meaningful content, amwl a later recognition memory test made a
Remember, Know, or New response to the words predetione. Experiment 1 showed that
participants had better overall memory, specificedlcollection, for words studied with pictures of
intact as opposed to scrambled faces. In Experigethiese results were replicated and recollection
was shown to be higher for words studied with vemsithout pictures of faces. Experiment 3 showed
that participants had higher memory performanced,ranollection in particular, for words studied
with upright compared to inverted faces. In Expenird, participants showed equivalent memory for
words studied with novel or familiar faces. Thessults suggest that recollection benefits when
visual context information high in meaningful camteccompanies study words, and that this benefit
is not related to the novelty of the context.

To further test the claim that participants engagelaborative processes at study to bind
item and context information, improving subsequenbllection, the subsequent set of experiments
examined how normal, healthy aging affects panicip’ ability to use context information provided
at study to benefit subsequent recollection. Oddeits have been shown to experience deficits both
in memory for context and in recollection, suggesthat they might fail to use context effectivedy

increase recollection, in contrast to younger adkperiment 5 found that younger, but not older,
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adults showed higher recollection for words studigtt faces as compared to rectangles. To
determine the type of cognitive processing requicecbtain recollection benefits, and to examine
whether instruction could alleviate age-relatedaitsf in Experiment 6, the type of processing
engaged during the encoding of context-word paas manipulated. Younger and older adults
studied words presented with a picture of a fackeua surface feature or binding feature instractio
condition. Both age groups showed higher recobecit the binding than surface instruction
condition. Results suggest that older adults despohtaneously engage in the processes required to
boost recollection when visual context informatisiprovided at study, although instructional
manipulation during encoding lessens this defidiis is in line with the Associative Deficit
Hypothesis (Naveh-Benjamin, 2000), suggestingdlder adults’ recollection deficit involves a
specific difficulty in binding item and context orimation.

The final experiment used functional Magnetic Resme Imaging (fMRI) to examine the
neural correlates of recollection, specificallytiteg the hypothesis that sensory-specific readtvat
of context information occurs during item recollent In Experiment 7, brain activation for
Remember responses given to words studied witlwéthdut meaningful context information was
compared. Behaviourally, 8 of the 14 participamizsveed a higher proportion of Remember
responses to words studied with faces than scrahfées, and 6 did not. Whole brain analysis
showed that, for only those participants who shohigier memory performance for words studied
with faces, activation in the fusiform gyrus anggocampus was higher, and a region-of-interest
analysis showed increased activation in the funetig-defined FFA (identified in a localizer task),
for Remember responses given to words studiedfaitbs compared to scrambled faces. A
regression analysis additionally showed that atitiman the fusiform gyrus increased as the reéativ
recollection benefit for words studied with meatingface) compared to non-meaningful

(scrambled face) context information increasedsparticipants. Results suggest that encoding
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context can influence the pattern of recollectiesponses on a recognition task and that sensory-
specific reactivation is related to behaviouralfgenance. The findings of these experiments suggest
that participants can use context information hilghneaningful content at study to improve
subsequent recollection and | suggest that thishies the use of elaborative processes at encoding
that integrates item and meaningful contexts. Sacbllection benefits can also be observed in older
adults when they are provided experimental insiwastto bind item and context at encoding. In
addition, the brain regions used to process coirétmation are reactivated at retrieval and,
importantly, that this neural pattern determinegthir a boost in recollection, from the encoding
manipulation, is observed. Participants can thescositext information provided at study to boost
subsequent recollection, and | suggest that thislives cognitive processes that bind item and

context information at encoding and the reactivatibsensory-specific brain regions at retrieval.
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Chapter 1

General Introduction

When we recognize objects in our environment, oemaries often contain details of the
episode in which we first encountered the itemoter times, our memories arise only as an
unspecific sense that an item has been previouplgrienced. The difference between such
memories is easily demonstrated by the exampleaig someone on the street whom you have met
previously. Sometimes we can place where we fiedtthie person whereas other times, despite
knowing that the person is familiar to us, we camemember where we previously encountered
them. This difference in subjective experiencemyretrieval has led some researchers to
hypothesize that there are dual processes undgmrgaognition, representing qualitatively different
types of memory (Gardiner, 1988; Yonelinas, 2008js doctoral thesis explores how the context in
which an item is studied affects the phenomenoldgigperience of the rememberer.

The general introduction of this thesis is brok&o four sections. It begins with an
explanation of dual process theories of recognitimmory, as well as a competing theory, followed
by a description of the remember-know paradigm. liteeature examining context effects on
recognition memory is then reviewed. The final mecoutlines the rationale for the series of

experiments that follow.

1.1 Dual Process Theories of Recognition Memory

Dual process theories of recognition memory proplatthere are two processes underlying
recognition, representing qualitatively differeyppés of memory, known as recollection and
familiarity (Gardiner, 1988; Yonelinas, 2002). Whas recollection refers to the effortful retriewl
detailed contextual information about individuatgmal episodes, familiarity is thought of as an

awareness of having previously encountered a dgteemor event, represented as memory strength.
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Experimental evidence shows that manipulationsoperéd at encoding and retrieval can produce
different effects on the two processes (Yoneli2@62). For example, at encoding, divided attention,
levels of processing, and generate-read manipukfooduce greater effects on recollection than
familiarity (Jacoby, 1991; Yonelinas, 2001). Atrieval, speeded responding conditions decrease
recollection while leaving familiarity relativelyoostant (Yonelinas & Jacoby, 1994), whereas
changes in modality on a verbal recognition testekese familiarity, but not recollection (Gregg &
Gardiner, 1994). These experimental manipulati@we tled researchers to suggest that whereas
familiarity is a fast, relatively automatic processcollection is a slower, more controlled retakev

process (Yonelinas, 2002).

1.1.1 Dual process and signal detection models

Several dual and signal detection models of re¢mgnimemory currently exist. Presently,
the most popular model of dual process theorigsadgnition memory, proposed by Yonelinas
(1994), is the dual-process signal-detection/higkghold (DPSD) model. This model suggests that
recollection is a high-threshold process, in tieabtiection either does or does not occur. If
recollection is achieved, a high-confidence deaisiat the item has been experienced is made. If
recollection fails, then a familiarity-based degisis made. Familiarity is modeled as a continuous
variable regulated by an equal-variance detectiodeh(see Figure 1). Signal detection models
assume that both targets (studied items) and (urestudied items) contain a certain amount of
evidence that the item was experienced previoaslynemory strength). This evidence is further
assumed to be normally distributed. As shown irufédL, the target and lure distributions contain

equal variance.
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Figure 1. The equal-variance signal detection model (panel A),
representing familiarity in the dual-process signal-detection
(DPSD) model of recognition memoy, and the unequal-
variance signal-detection (UVSD) model ( panel B),
representing both recollection and familiarity in the UVSD
model of recognition memory. Modified from Wixted (2007).

Although the DPSD model has obtained support froth lsognitive and neuropsychological
studies, it has been challenged by the theoretioddler unequal-variance signal-detection (UVSD)
model (Wixted, 2007). The important distinctionyeén these two models is that, whereas the

DPSD model incorporates both a high-threshold mee®md equal-variance process, the UVSD



model contains only one signal-detection processdan a continuously distributed memory
strength variable. The UVSD model, shown in Figlyrés similar to the equal-variance detection
model described above, except that the variantieediure distribution is smaller than that of the
target distribution (in most models the targetrdisition is approximately 1.25 times that of theslu
distribution; Ratcliff, Sheu, & Gronlund, 1992). &lunequal variance is believed to represent the fac
that targets can be considered lures that have myestrength added to them when experienced on a
study list. In an equal variance model, each tangetid need to have the exact same amount of
strength added to each item during study. In ceptithe amount of strength added to the target
items differ, then variability will be added to ttarget distribution, leading to an unequal var@anc
model (Wixted, 2007).

Whether the DPSD or UVSD model can best accounteimgnition memory performance is
currently under debate. In particular, the receomerator characteristic (ROC) methodology has
been used to compare the ability of these two nsawdfit recognition memory data. ROCs are
generally obtained by asking participants to mak#idence ratings as they make recognition
decisions. The cumulative hit rate and false alai® for each confidence rating are then plotted
against one another. The DPSD and UVSD modelsgirsiifjhtly different ROC curves. The UVSD
predicts a curvilinear ROC curve (and a linear R@en the hit and false alarm rates are converted
to z-scores, or z-ROCs). The DPSD model also piedicurvilinear ROC, however, the extent of the
curve changes depending on the relative contribudfaecollection and familiarity. Importantly, the
DPSD model predicts curvilinear z-ROCs, with theeak of the curve increasing as recollection
increases. The shape of the predicted z-ROC cafmis an important point of divergence between
these models (Parks & Yonelinas, 2007; Wixted, 2007

The UVSD and DPSD models have been compared mgfffOC curves derived from

recognition memory studies to those predicted byniodels. Heathcote (2003) showed that the
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UVSD model produced a better fit of individual peigant recognition memory data in 75% - 80% of
the cases, although the DPSD model also produgeddfit to the data. Healy, Light, and Chung
(2005) also showed that UVSD model produced a bfttef data from an associative recognition
memory task in both younger and older adults thertPSD model.

In a more recent examination, Rotello, Macmillaigkd, and Hautus (2006) tested signal-
detection, DPSD, and a new variant, the Sum-diffeeel heory of Remembering And Knowing
(STREAK) model. The STREAK model suggests that #etiffer in both specific and global strength
and that increasing specific strength promotesdrighnfidence ratings and recollection responses,
whereas increasing global strength promotes highefidence ratings and know responses. Thus, in
this model, high confidence familiarity and low @idence recollection responses can occur. This is
in contrast to the method used to create DPSD R@es, in which high confidence responses are
assumed to relate to recollection. This STREAK nhpdeduced a better fit to the data than the
DPSD model; however, it still did not produce asda fit as the signal-detection model. Starns and
Ratcliff (2008) have recently confirmed these resudemonstrating that the UVSD model produces a
better fit to recognition memory data than the SAREnodel. Research thus suggests that the
UVSD model may be a better predictor of recognitiemory data than the DPSD model.

However, Parks and Yonelinas (2007) argue thiailevbboth the UVSD and DPSD models
produce relatively good fits to recognition datee thodels are best tested in conditions in which
recollection is high. This reflects the fact tHa¢ tmodels produce more similar curves when the
relative contribution of recollection is low. Th&d models should thus diverge the most on
recognition memory tests that require recollectamthe retrieval of contextual detail. Yonelinas
(1997) found that a task in which only recollectisas involved (an associative recognition test)
produced a curvlinear zROC, a finding that only EfR®SD, and not the UVSD, model would predict.

Such U-shaped z-ROC curves were subsequently floursdtask in which participants had to recall

5



the context in which the items were presented (Yioag, 1999), providing strong support for the
DPSD model. Parks and Yonelinas (2007) additioresifjue that studies investigating the neural
correlates of recognition memory performance hayppsrted the DPSD model. As discussed further
below, separate brain regions have been showrpmmsirecollection and familiarity (Bowles et al.,
2007; Skinner & Fernandes, 2007; Yonelinas, OBmaw, & Rugg, 2005), a prediction of DPSD,
rather than UVSD model. However, some have argugicthe methods used to obtain such results
are problematic (see Dunn & Kirsner, 2003; Waisghds, & Wixted, 2008).

This discussion shows that the debate on whetbh&/SD and DPSD model best accounts
for recognition memory data will not be resolvedhie near future. In the current thesis | have
chosen to examine recognition memory from a duatgss perspective. | have chosen to work from
this framework for two reasons. First, as descrifleave, the literature shows that experimental
manipulations produce different effects on recditecand familiarity, suggesting distinct cognitive
processes. Second, as will be described more thblpin Chapter 4, the neuropsychological and
neuroimaging literature suggest that recollectiod familiarity are associated with distinct brain
regions (Bowles et al., 2007; Skinner & Fernan@887; Yonelinas et al., 2002). These findings
indicate that a dual process theory of recogniti@mory can provide unique insights and memory
performance at both cognitive and neural level® lithitations of this approach will be discussed

further in the general discussion.

1.2 The Remember-Know Paradigm

The remember-know paradigm was created by TuhMi®8%) and subsequently developed
by Gardiner and colleagues (Gardiner, 1988; Gardingava, 1990; Gardiner, Ramponi &
Richardson-Klavehn, 1998) to explore recollectiod &amiliarity empirically. In this procedure,
participants study a list of items and, during @gmition test, are asked to state that they 'Rdre€m

an item if they can recall specific details (or tual information) about the item from the study
6



episode, that they 'Know' an item was on the shistlif it is familiar, but lacks specific detaifsom
the study episode, or that the item is 'New' ifytleem the item not to be from the study list.
Participants generally have little difficulty distjuishing between Remember and Know responses
once proper instructions are provided. Remembgoress are believed to align with recollective
memory processes, whereas Know responses suppiliaféy-based recognition (Yonelinas, 2001).
The retrieval of contextual information is requitedexperience a detail-rich memory known
as a recollection (Yonelinas, 2002). By its operzi definition, a Remember response relies on the
retrieval of contextual detail. This detail mayahwe spatiotemporal information (where/when an
item was presented), perceptual information (scthe colour in which an item was presented, or
which of two speakers spoke an item), or infornratienerated internally at the time of study
(thoughts, feelings, or emotions). A ‘Rememberpmsse can be based on any one, or more, of these
information types. Recollection can thus be thowdlas being dependent on the binding of
spatiotemporal, perceptual, and/or subjective featto item information at study, which enables the
formation of complex memory traces, and the subseigetrieval of item-context pairs. This notion
is supported by work examining source memory. &séhstudies, source, or context, memory
includes the spatiotemporal, physical featuresnitivg operations, and emotional states that are
associated with the presentation of an item dugimgpding. Such memory is often tested by asking
participants to report the spatial location, coJaurvoice in which an item was originally presehte
(Hashtroudi, Johnson, & Chrosniak, 1990). Reseslncls that participants are more likely to
provide accurate source information for Remembspaases than for Know responses (Dewhurst &
Hitch, 1999; Perfect, Mayes, Downes, & VanEijk, 83%nd that encoding conditions that enhance
source memory also selectively increase the raeafember, but not Know, responses (Conway &

Dewhurst, 1995; Donaldson, MacKenzie, & Underiiio6).



A variety of manipulations have shown that 'Remerrdoed 'Know' responses can be
dissociated. Some variables have large effectsesndfber responses but produce small or no
effects on Know responses. These include encodmgieaning or the features of stimuli (Gardiner,
Java, & Richardson-Klavehn, 1996), generating adirey words (Gardiner, 1988), dividing attention
at study (Gardiner & Parkin, 1990), changing themton interval (Gardiner & Java, 1991; though
also see Yonelinas, 2002, who demonstrates trettiet interval can influence both recollection and
familiarity), and administering the drug lorazepascompared to a placebo (Curran, Gardiner, Java,
& Allen, 1993). Other research has shown that chrenthe study-test modality has a larger effect on
Know than on Remember responses (Gregg & Gardi®é&e}). Further studies show that some
variables have opposite effects on Remember anavKesponses. For example, when word and
non-word stimuli are compared, increased Remendsgonses are observed for word stimuli and
increased Know responses are observed for non-stiondli (Gardiner & Java, 1990). In addition,
whereas younger adults show increased Remembemsspwhen compared to elderly adults, the
elderly participants show increased Know responden compared to young (Parkin & Walter,
1992). We have also shown that, while divided &itv@rat retrieval generally increases Remember
false alarms, divided attention conditions thatragein the content with the retrieval task also
decrease Know responses (Skinner & Fernandes, .ZDB83e studies support the notion that
Remember and Know responses are distinct recogmnitiacesses.

There has, however, been considerable disagreemtm literature regarding whether the
remember-know paradigm is process-pure, or measemgate psychological processes. For
example, Rotello, Macmillan, Reeder, and Wong (2005nd that by altering the instructions of the
remember-know task, participants changed theiingitless to report a Remember response, and that
recollection estimates from the remember-know gdgradlid not converge with other measures.

They suggested that dissociations shown in the méaeknow paradigm may be the result of
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changes either in sensitivity (the general intdgiren) or response bias. In addition, Wais et al.
(2008) found that source recollection for Know i@sges was significantly above chance, indicating
that Know responses are not devoid of contextualilde violation of the process-pure assumption.
They suggested that the remember-know procedutmprdegrees of recollection, rather than
separate memory processes.

Despite these findings, there are several advasitagesing the remember-know paradigm to
estimate recollection and familiarity. First, peipants are able to make accurate Remember and
Know responses when given proper instructions, ngpttie paradigm easy to administer in the
laboratory. Second, the remember-know paradigm is@usive measure of recollection, as
compared to the process dissociation procedusghich recollection is limited by the particular
context (e.g., word list) that the experimenter tsdahe participant to recall. Third, several stadie
show that estimates of recollection based on remseikitow judgments are similar to those made by
recognition confidence judgments, suggesting tr@iember-know responses do provide accurate
measures of recollection and familiarity (Yoneli@aParks, 2007). Finally, Remember and Know
responses have been shown to have distinct neurelates, indicating that remembering and
knowing can be dissociated at the neural levelniski & Fernandes, 2007). In the current study, the
remember-know paradigm was used under the assuntptib Remember responses contain more
contextual detail than Know responses, and thatlistinguishing between Remember and Know
responses, we can gain a more accurate picturevobtudy context affects the subjective experience

of the rememberer.

1.2.1 Obtaining estimates of recollection and famil iarity with the remember-know

paradigm.

The remember-know paradigm is often used to devestimates of recollection and
familiarity. The procedure with which one doestsowever, depends on the model of recollection
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and familiarity that one chooses to endorse. Theze¢hree models that describe the possible ralatio
between recollection- and familiarity-based menqmgcesses: exclusivity, redundancy, and
independence (see Figure 2). In the case of exitysan item may be recollected or it may be
familiar, but no one item can be both recollected amiliar at the same time (Knowlton & Squire,
1995; Richardson-Klavehn, Gardiner, & Java, 1996k second model, redundancy, suggests that all
items that are recognized are familiar, and thatteset of those items is also recollected (Joor&ens
Merikle, 1993). The final model, that of independensuggests that an item may be either
recollected or familiar, and that a subset are betbllected and familiar at the same time (Jacoby,
1991). While the current study did not aim to conethese different models, these assumptions

influence the methods used to estimate recolleeti@hfamiliarity.

R

Exclusivity Redundancy

R

Independence

Figure 2. Visual depictions of three models of the relation between recollection
and familiarity. R = recollection; F = familiarity. From Skinner & Fernandes (2007).

If one adopts an assumption of exclusivity, thee oan calculate recollection and familiarity

directly from estimates of Remember and Know respenThat is, if one believes that Remember
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responses accurately reflect the recollection goesd Know responses accurately reflect the
familiarity process, no estimate corrections arpied (Richardson-Klavehn et al., 1996). If one
adopts a model of redundancy or independence, reyweerrections must be made to develop
accurate estimates of familiarity since the prdaparbf Know responses will underestimate the value
of familiarity.

With respect to redundancy, if all items that aeotlected are also familiar, familiarity is
estimated by combining both Remember (familiarityeeollection) and Know (familiarity)
responses. Thus, familiarity is estimated as overamory accuracy. In contrast, independence
models state that only a subset of the items tleateollected is also familiar. Estimates of
independent remember-know (IRK) familiarity aredhileveloped by dividing the number of Know
responses by the opportunities available to makeaav response (i.e., 1 — recollection; see
Yonelinas & Jacoby, 1995, for further details).

The method through which recollection and famitljgare estimated can alter the
conclusions one makes about these processes. &opkx Parkin and Walter (1992) showed that
older adults made fewer Remember, but more Knosparses as compared to younger adult
participants. If a model of exclusivity is adoptéas would lead to the conclusion that although
recollection decreases with age, familiarity inse=a However, when these estimates are converted
using assumptions of independence, the results kiveer recollection, but equal familiarity, in the
older adults, suggesting that whereas recollectemreases with age, familiarity stays the same
(Richardson-Klavehn et al., 1996).

Whether recollection and familiarity are best medelising assumptions of exclusivity,
redundancy, or independence is still under deliaigenot a goal of this thesis to compare différen

models of recollection and familiarity; rather the results sections overall recognition, Remember
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responses, Know responses, and IRK familiarityadirexamined so that the effects of context on

familiarity, regardless of the model, can be inigeded.

1.3 Context Effects on Recognition Memory

As studied to date, context effects refer to thgonahat the environment in which an item is
encoded and retrieved can influence memory foritbat. The study of such context effects has
focused almost exclusively on whether reinstatioghs context at test benefits memory performance.
Although multiple studies have shown that reineastudy context at retrieval benefits recall
performance, tests of recognition memory show fareninconsistent effects (Bjork & Richardson-
Klavehn, 1989; Smith, 1988). Whereas some resdwstshown that participants are better at
identifying targets from distracters when itemstasged in the same context as at study (Geiselman
& Glenny, 1977; Smith, 1986), others have failefirid a recognition deficit when there is a change
of context between study and test (Fernandez &léglep 1985; Smith, Glenberg, & Bjork, 1978).

Macken, (2002) used a dual process approach to tlucidate these effects. He used the
remember-know paradigm to show that recollecticueacy for targets and distractors presented in
previously studied contexts (same-context) wasdrigiian for targets and distractors presented in
new unstudied contexts (different-context), everemvthe ‘different-context’ targets were presented
in a previously studied, but mismatching, cont&auppuso, Lindsay, and Masson (2007) have
subsequently extended these findings to face rédmgnMacken (2002) suggested that context
effects are found only when recognition is accongzhby conscious recollection due to the
encoding and retrieval of context-specific assamiest This interpretation, however, has been
recently challenged by Hockley (2008) who foundikinrates of recollection responses for studied
items presented at retrieval along with their stddiontext, and for studied items presented with an

‘old’ but mismatching context.

12



Murnane, Phelps, and Malmberg (1999) have builhwgarlier global matching models of
memory to form what they call the item, associateatext, and ensemble (ICE) model, to understand
the role of context on recognition memory. ICE ttygaroposes that there are 3 types of information
used to make recognition decisions: the item infdirom, the context information, and ensemble
information, which represents the integration efritand context information. According to the
theory, presenting context information that is rhattacross study and test will increase both the hi
rate and the false alarm rate. However, only whesemble information is developed will the
changes in hit rate outweigh the changes in fdlsenarate, leading to an increase in discrimination
In an experiment, Murnane et al. showed that digoation of items presented in same or different
contexts at retrieval increased when the contegte wich in meaning (pictures of scenes containing
the target words in an appropriate location; faregle, a word presented on a banner trailing an
airplane), but did not differ for simple contexésqombination of foreground colour, background
colour, and screen location). They suggested thigttbe meaningful context information was
integrated with the item information to form ensdsninformation, improving recognition
performance.

In the current thesis, rather than measuring h@aanthtch between study and test context
influences item memory performance, as in Mackang Murnane et al.’s work, | examined how
context information presented at study, but abaerdtrieval, influences subsequent item recogmitio
for target information. In the real world, the itemve perceive and remember never occur in
isolation, but are associated with other informatiabjects, thoughts, or emotions. This context
information, present at encoding, may not alwaypresent at retrieval. For example, a person trying
to recall a grocery list may be in a totally difet environment (e.qg., the grocery store) than vthen
list was studied (e.qg., their kitchen), or, in tase of eyewitness identification, people may leds

to recognize a photograph of an individual devdithe context in which the individual was first
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encountered. Our daily lives are filled with siioat in which context information present at stigly
not available at retrieval. This thesis asks whettecan successfully use context information at
study to improve subsequent memory performance etem that context information is not present
at retrieval.

Following from Murnane et al., | hypothesize thatyowhen context information present at
study is rich in meaningful content will particifiarbe able to use elaborative processes to integrat
item and context information to form ensemble infation. Furthermore, | extend Murnane et al.’s
ICE theory by suggesting that when participantseti®yensemble information at study, the item will
be bound to the contextual information and consetijp@iill be retrieved preferentially through
recollective memory processes. This rich and medmircontext information at study may increase
subsequent item recollection, even when that coimiéormation is not present at retrieval.
Increasing recollection is believed to benefit meymuocessing, since recollection provides a more
vivid mnemonic experience, and memory errors (fi&hource decisions) can occur when relying on
familiarity alone (Jacoby, 1991).

Providing context information high in meaningfuintent at study may help participants
interpret material in a meaningful way. This magrtHacilitate the accessibility of the memory at
retrieval. For example, in a standard levels-ofepssing manipulation, participants are asked to
perform either a ‘shallow’ (e.g., perceptual) ddeep’ (e.g., semantic) task. Research shows that
memory performance is higher for deeply as comptrathallowly encoded items (Craik &
Lockhart, 1972) and that this benefit is greaterézollection than familiarity (Gardiner et al99b6).
Thus, when participants consider the meaning afsteecollection of the item improves. By
providing meaningful context information at encaglive may facilitate ‘deep' (meaningful)
processing of the item information, as participa#sociate the item and context information, or use

the context information to initiate in elaboratmecesses. This line of reasoning suggests that
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participants will engage in more elaborative (dgepgessing at encoding, without experimental
instructions, by simply presenting items with megfill context information. This would extend

levels-of-processing theory to show that meaningéuitext informatiorprovided at study can benefit

memory.

Few studies have directly examined whether progidiontext information at study, but
absent at retrieval, influences later memory pertorce. In his Master’s thesis, Gopie (2005) used a
remember-know paradigm to compare memory performémcwords studied with no context
information, words studied with context informati@combination of word colour and location)
without that context information reinstated at testd words studied with context information with
that context information reinstated at test. Henfbthat, whereas overall memory performance did
not differ for words studied with and without coxttéformation, the number of correct Remember
responses was higher for words studied with aduitioontext. Interestingly, memory performance
for words studied with context information did mtiffer depending on whether that context
information was reinstated at test. In additionewlparticipants were probed as to whether they
could recall the colour and location of words staldivith context information given Remember
responses, participants showed chance perform@ugee stated that the results support the notion
that Remember responses are influenced by encatingpulations that emphasize distinctive or
salient aspects of stimuli (i.e., increasing thembar of colour/location combinations increased
distinctiveness of individual word stimuli). He atilghally suggested that recollection does not
increase when study context is reinstated at &ésspiioposed by Macken, 2002), but that recollection
may be reduced when the study test contexts differ.

In a more recent study, Luo, Hendriks, and Crall0{@ asked participants to study a list of
words visually, which were presented either alaneonipled with a sound related to that item (for

example, the word ‘door’ was paired with the soohd door shutting). In a later exclusion testythe
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found that younger adults were more likely to coilyereject previously presented words if they were
presented with a related sound at study. Oldetsduwdwever, were unable to use the sound
information to reduce their false alarms in thelesion test. This work suggests that the younger
adults were able to effectively integrate the weodind pairings into a cohesive memory trace, and
this allowed them to later use recollective proesgs reject those items. The older adults, however
were unable to benefit from the additional contprisibly because they were unable to successfully
bind, or associate, the item and context infornmatiomemaory. Thus, whereas younger adults were
shown to benefit from context information presdratady but absent at retrieval, the older adults
were not.

While Luo et al.’s work demonstrates that youngirls’ memory performance can benefit
when context information is presented at encodtrdjd not specifically test whether qualitative
differences in memories resulted from their mardfiah at encoding. Gopie’s (2005) and Luo et al.’s
(2007) work also did not examine whether varying ldvel of meaningful content in context
information provided at encoding affects recollestperformance, as | have hypothesized from
Murnane et al.’s (1999) work. In the current thekeddress these limitations by using the remember
know procedure to obtain estimates of recollectind by directly manipulating the amount of
meaningful content in the context information pdmd at encoding.

The current thesis also aims to investigate howralgged changes in cognitive processing
affect context effects in recognition memory. Olddults show deficits in their ability to both
recollect item information (Perfect, Williams, & Aarton-Brown, 1995; Prull, Dawes, Martin,
Rosenberg, & Light, 2006) and to retrieve spedfiatextual information from previous events
(Ferguson, Hashtroudi, & Johnson, 1992; Kauslemu&lkett, 1981; Naveh-Benjamin & Craik, 1995).
In line with these findings, Naveh-Benjamin (200@p suggested that older adults have a specific

deficit in forming associations between items,tamiand its context, or two contextual features,
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known as the Associative Deficit Hypothesis (ADHE has shown that age-related differences in
memory performance are higher when participantseaeired to retrieve associations between an
item and a context than when they are requiredtt@ere item information alone (Naveh-Benjamin,
2000; Naveh-Benjamin, Guez, Kilb, & Reedy, 2004)ll€xtively, the research suggests that older
adults do not adequately bind item and contexnfalimation at study to develop context-rich
memory traces that can later be retrieved by rectille memory processes. The results of Luo et al.
(2007) additionally demonstrate that older adutiemory performance did not benefit when
additional context information was presented ad\stln this thesis, | further investigate how age-
related changes in cognitive processing affectradelts’ ability to use context information ateyu

to benefit subsequent memory performance and aoetermine the source of this deficit.

Finally, in this thesis the neural correlates @fotkection are investigated by using functional
Magnetic Resonance Imaging. Previous research staytigt recollection and familiarity differ in
the extent to which they recruit frontal, parietadd medial-temporal brain regions (Skinner &
Fernandes, 2007). Research also suggests thdemiownl, and not familiarity, involves the
reactivation of brain regions originally used togess context information, known as sensory-
specific reactivation (Wheeler & Buckner, 2004) eTdurrent thesis aims to identify the neural
regions needed to retrieve specific context infdioma facilitating recollection, and specificallgdts
the hypothesis that sensory-specific reactivatiothiaracteristic of recollection by comparing brain
activation during the retrieval of item informatistudied with and without meaningful context

information.

1.4 Overview of the Experiments

The purpose of this thesis is to determine moreigeéy how providing a contextual source

at study but not at retrieval, influences subsetjitem recollection. By examining cognitive, neyral
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and age-related processes, | hope to specify tiemgses that influence the development and
reactivation of context-rich memories, and the ulyileg neural systems mediating contextual
retrieval. In Chapter 2, | test how visual contiekbrmation provided during encoding, and unrelated
to the target study word, affects later recollatfior the targets presented alone, using a remember
know paradigm. By exploring how different contesisilar in perceptual features but varying in
meaningful content, as well as how the noveltyhef dontext, influence subsequent item recollection,
| hope to determine how the encoding of externatext information changes the way in which item
information is processed and subsequently remeribkré&hapter 3, | examine the effects of age on
item-context binding and reactivation, using curiheoretical models of aging to predict specific
effects. | further consider how age-related charmgescognition can be alleviated by instructional
manipulations. In Chapter 4, functional Magnetic®®ance Imaging (fMRI) technology is used to
specify the brain regions involved in the reacimaiof context information. These data are therduse
to elaborate upon neural models of retrieval. Tdia dfom all of these experiments are then brought

into a unified framework in the general discussion.
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Chapter 2

Effects of Study Context on Item Recollection

In this chapter, | examine how context informatwasented at study influences recognition
memory performance. While there is a substantediure examining how reinstating study context
at test influences recognition memory, few stutliége examined how providing context information
at study but not at retrieval, influences recogmitperformance. Gopie (2005) found that, while
overall memory performance did not differ for wosdadied with and without perceptual context
information, Remember responses increased for wmetsented with context information at study.
Luo et al. (2007) additionally found that youngduk participants were more likely to correctly
reject previously presented words on an exclugenhit the words were presented with a related
sound at study. This suggests that the participaete able to integrate the word-sound pairings int
a cohesive memory trace (or ensemble informatiwhich allowed them to subsequently use
recollective memory processes to reject those itétowever, Luo et al. (2007) did not examine the
gualitative differences in memories that resultedftheir manipulation at encoding. The remember-
know paradigm allows participants to state sucHimtiae differences by reporting whether
contextual detail accompanies their memory. In¢hipter | extend the findings of Luo and
colleagues by determining whether providing contixing study alters the quality of memory, using
a remember-know paradigm.

| also extend Gopie (2005) and Luo et al.’s (200@)k by examining how thechness of
the contextual information present at study affeet®llection and familiarity. Contextual
information can vary across multiple dimensionsolihinay affect participants' ability to use that
information to improve later recollection. In pattiar, the level of meaning may influence the #&bili

to integrate context and item information into &esive memory trace. Theorists suggest that
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participants intentionally engage in strategic psses during memory tasks that benefit their
memory performance (Jennings & Jacoby, 1993). bthgsize that the more meaningful the context,
the greater the potential to use such intentioradgsses at encoding to successfully bind the item
and context information into a distinctive/detaileémory.

There is an extensive literature demonstratingphatessing the meaning of item
information improves subsequent memory performd@caik & Lockhart, 1972). For example,
participants show better memory for words thamfam-words, and this benefit has been noted
specifically for Remember responses (Otten, Sv&dgpuayle, 2007). In addition, patients with
selective semantic memory impairments show defarittong-term verbal memory tasks, suggesting
that memory relies on processing the meaning afiiming information (Warrington, 1975). Research
using levels of processing manipulations also suppsuch findings: memory performance is higher
for deeply (encode meaning) as compared to shall@@vicode surface features) encoded items
(Craik & Tulving, 1975) and this benefit is greater recollection than familiarity (Gardiner et,al.
1996). Thus, when participants consider the meaniirigms, recollection of the item improves.

We could, however, conceptualize that varying vel-of-processing simply changes the
type of context information bound to item inforneetti Deep processing encourages participants to
bind subjective/meaningful contexts (thoughts, éomst, etc) to the item, whereas shallow processing
promotes the binding of perceptual contexts (colfmnt, etc). This interpretation suggests that
having participants attach meaningful context infation to an item at study will improve
subsequent recollection. Support for this integdieh comes from work showing that when words
are studied in the presence of a semanticallyagledbntext word, item memory increases (Mayes,
MacDonald, Donlan, Pears, & Meudell, 1992) and awedll performance improves when word
pairs are related in meaning (Nelson, McEvoy, &rsitier, 1990). Murnane et al.’s work (1999)

additionally suggests that only when visual contefdrmation is high in meaningful content do
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participants engage in the processes requirededgriate item and context into ensemble information,
improving recognition performance. It is currenilyknown, however, whether participants use
meaningful context information that is unrelatedhe item to improve subsequent memory

performance and recollection in particular.

2.1 Overview of Chapter 2

The experiments in this chapter examined how coméormation provided at study, and
varying in meaningful content, influenced recogmitmemory performance in younger adult
participants. In the first experiment, | investiggtvhether recollection benefits when words are
presented with context information high in meanimgbntent at study. Participants had better
overall memory, specifically recollection, for wardtudied with pictures of intact faces than
scrambled faces, despite the fact that the twoestsivere perceptually equivalent (similar
luminance and contrast). This suggests that ppatits are able to use meaningful context
information to improve subsequent memory perforreaaad recollection in particular.

In Experiment 2, | tested the notion that contekbimation high in meaningful content
produces a recollection benefit, rather than tterrzédtive explanation that context information liow
meaningful content produces a recollection defiexperiment 2 replicated the results of Experiment
1 and showed that recollection was higher for watddied with pictures of faces than when no
image accompanied the study word. The resultsghibistantiate the claim that context information
high in meaningful content provided at study camubed to benefit subsequent recollection. In
Experiment 3, the visual context information wasadqd in both perceptual features and inter-item
similarity. Participants showed higher memory perfance, and recollection in particular, for words
studied with upright compared to inverted facessehresults demonstrate that even when the same
contexts are presented at study (faces), disrugtim@gmount of meaning that can be extracted from

the context information (inverting the face) redusabsequent item recollection.
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Experiment 4 examined how the novelty of the canpesvided at study influenced later
recollection. Previous research has shown thatlrit@ves are better remembered than familiar items
(Tulving & Kroll, 1995). It is thus possible thdtd novelty of the context might affect subsequent
item memory performance. Participants showed etgrivanemory for words studied with novel or
familiar faces, suggesting that the novelty facdtothe context information does not change later
recollection of target words. Taken together, #mults of these experiments suggest that recallecti
benefits when visual context information high inanmgful content accompanies study words, and
that this benefit is not related to the noveltyhaf context (Skinner & Fernandes, under review). |
suggest that participants use elaborative procéssetegrate item and meaningful contexts into

ensemble information, improving subsequent iteroliection.

2.2 Experiment 1

As suggested by Murnane et al. (1999), providirsyi@i contexts rich in meaningful content
at study may promote the use of elaborative pressthst integrate item and context to form
ensemble information. To test the hypothesis #adltection benefits when contexts with high, as
compared to low, meaningful content are providestady, | asked participants to study target words
presented with pictures of intact or scrambleddatselected face stimuli for the meaningful cahte
condition because these contain semantic comp|exity reasoned that participants could use these
to develop context-rich memory traces. Researchodstrates that face perception involves multiple
processes that identify invariant perceptual fegtisuch as eye colour) and the changeable aspects
of faces (such as expression), which are impodacitl cues. Faces may be considered semantically
complex visual information because, in additiothte visual analysis of faces, face processing is
believed to involve cognitive functions that extraeeaning from faces, such as the social relevance

of face information (Haxby, Hoffman, & Gobbini, 2200 This hypothesis additionally follows from
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studies showing that participants are more likelyetmember verbal descriptors if the information is
paired at study with a photograph of a face thaanwbaired with a name, (Kargopoulos, Bablekou,
Gonida, & Kiosseoglou, 2003) schematic face, ongetoic shape (Glenberg & Grimes, 1995). | used
scrambled faces as my control trials since theyainrsimilar luminance and contrast to the face
images, but differ substantially in meaningful amtt Controlling for perceptual features such as
luminance and contrast is essential, given tha&armes shows that both variables can affect
perception and subsequent memory of an image (Hdidon, & Loftus, 2004; Loftus, 1985). It is
thus possible that relative differences in thes@btes, present in context information, similarly
influence item memory.

Participants viewed words that were paired witlcéupe of either an intact face or a
scrambled face and subsequently performed a opeesteember-know memory test for the words
presented alone (i.e., participants make eithezrad®nber, Know, or New response to words, rather
than give a Remember or Know response to wordsqarsly identified as old). By developing a
scrambled version for each face stimulus, | was tbkeep the luminance and contrast of the context
image constant, and could thereby assure that fhakges were not an important factor determining
which contexts improve later recollection of commently presented target words. | hypothesized that,
despite equating for luminance and contrast levkiages, the rate of Remember responses would
be higher for words studied with intact faces tf@rwords studied with scrambled faces.
Participants were expected to use the additionahingful content information of the intact faces to
develop ensembles, or associations, between theaitel context, increasing Remember-based
responding for the words. Know responses, and irggnce remember-know (IRK) measures of
familiarity, which do not require retrieval of cextual details, were expected to be unaffectedhby t
manipulation of context. Thus, only those memospamses that involve the retrieval of contextual

detail were expected to be affected by context maations at study.
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Method

ParticipantsFifteen undergraduates (7 female) from the Unityets Waterloo received
course credit or token monetary remuneration fotiggpation in the study. The mean age and years
of education of the participants were 20.00 (SD.60) and 14.40 (SB 1.50), respectively. All
participants were fluent English speakers, andrwachal or corrected-to-normal hearing and vision.

Materials. Two-hundred-twenty-five medium to high frequenayrds were chosen from
Celex, a lexical database available on CD-ROM (RBaapiepenbrock, & Gulikers, 1995), for the
three study-test cycles of the memory task. In edithese cycles, the study list was comprisedlof 5
words: 25 were paired with pictures of faces (famigds) and 25 were paired with pictures of
scrambled faces (scrambled trials). A correspontitthgvas created for use in the subsequent
recognition test, consisting of the 50 studied wagotlis 25 lures (words not presented in the study
phase). Thus, across the three study-test cydespids were paired with pictures of faces, 75 with
pictures of a scrambled faces, and 75 served es.[Tihree different study-test list combinations
were created such that each word was paired witibred picture of a face, a scrambled face, or
served as a lure across lists, counterbalancegdspeoticipants. The order of presentation of the
word lists for the three study-test cycles was almanterbalanced across participants. All test list
were equated on letter length v6.31), and word frequency éM18.27 occurrences per million;
Baayen et al., 1999). An additional 30-item wost Was used in the practice session, with the same
characteristics as the words in the experimentaise.

Face stimuli were taken from the AR face databaké&h contains black and white
photographs showing the frontal view of male anddke faces (Martinez & Benavente, 1998).
Seventy-five faces with neutral expressions, 3&mald 37 female, were randomly chosen to serve
as the face stimuli. The face stimuli were randoasyigned to 25 words for each study list; thus,

each study word was paired with a unique face. ddit@nal 8 face stimuli were chosen to be used
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in the practice session. The scrambled faces weeged in Matlab 7.06 software by randomizing the
pixels of the 75 face images chosen from the databkhus, for each face stimulus, there was a
corresponding scrambled image. This randomizatiteneal the spatial frequency of the images,
while preserving the luminance and contrast (sgarki3).

ProcedureStimulus presentation and response recording e@reolled by an IBM PC,
using E-prime v.1.1 software (Psychology Softwaoel$ Inc., Pittsburgh, PA). Participants were
tested individually, and completed the experimarapproximately one hour. The experiment began
with a short practice block consisting of 16 sttiigls, in which 8 face-word and 8 scrambled-word
encoding trials were presented visually, in ranawder, using the same timings and procedure as in
the experimental trials (described below). Subsetiyieremember-know test response instructions
were given (see below), and 15 recognition trialssisting of 4 words studied with faces, 4 words
studied with scrambled faces, and 7 new wordsgpted in random order, were presented.

Following practice, participants completed thaRlg-test cycles. | used 3 study-test cycles
in the design to increase the number of trials @ated with each encoding trial-type (word paired
with a face and word paired with a scrambled faghjle lessening the memory demands of each
individual recognition task. For each of the 3 stptiases, a trial began with a picture of a faca or
scrambled face appearing on the screen for 100entsred in the upper half of the screen (screen
coordinates: X = 324, Y = 180). A word presente@8mnpoint bold Arial font then appeared directly
below the picture for 2000 ms (X = 324, Y = 37%eawhich both the picture and the word
disappeared, followed by a 500 ms fixation crogs@nted centrally (see Figure 3). In each of the
three study phases, 50 trials were presented (5vfard and 25 scrambled-word), with trial type
randomized. Within each study phase, the 25 scrdriblages were the scrambled versions of the 25
face images presented in the face trials to cofaralifferences in perceptual features (luminance

and contrast) present in the context informatiavigled at study. All stimuli were presented in a
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fully illuminated room on a 17 inch (43.18 cm) cautgr screen, and the viewing angles of the
picture and word stimuli were approximately 16.68 &.7° respectively. Participants were asked to
memorize the words for an upcoming memory testedsure that participants encoded the context
(face or scrambled face) during study, participareee also asked to manually identify, for each
study trial, the picture presented with each wareither a face or a scrambled face, by making a
button press on a computer keyboard. Participaate wot provided specific instructions on how to
process the contextual stimuli. Each trial wass3ii length (timings noted above), and participants

were asked to make their classification respons@aglthis time.

Study Test

Experiment 1 Experiment 2 Experiment3  Experiment 4

1000 ms 4000 ms castle

2000 ms

500 ms 4000 ms

1000 ms

bottle

500 ms

Figure 3. Sample study and test trials. In Experiment 1, words were presented together with pictures of
intact or scrambled faces during study. In Experiment 2, words were studied with pictures of intact faces,
scrambled faces, or no image. In Experiment 3, participants studied words presented with a picture of an
upright or an inverted face. In Experiment 4, participants viewed either novel faces (above) or a familiar
face (below). The familiar face was presented repeatedly during the study session. For all four
experiments, on a subsequent remember/know recognition memory test, all words were presented
alone.

Afterees for 30 seconds before beginning the relpeerknow recognition test. The test

instructions for the remember-know task were ds\ied: Participants were told that they would see
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some words that were from the study list and otfwds that were not. If they believed the word was
not from the study list, participants were instagtto respond ‘N’ for New by pressing the ‘3’ kay o
the numerical keypad of a standard computer keyhdithey thought the word was from the study
list, they had two options, ‘R’ or ‘K’. They werelt to report ‘R’ for Remember by pressing the ‘1’
key if the word was ‘old’ and they could recall sifie details associating that word with the study
episode. They were given examples of such defilsy may remember an image, thought, or
feeling they had associated with the word duringlgt or the temporal order of the words.
Participants were not explicitly told that they twbbase their ‘R’ responses on the picture presente
with the word at study; however, if the participasked, they were told they could use the pictase,
well as the additional information already mentidn® make an ‘R’ response. These contextual
details meant they had a specific recollectiorhaf tvord. If however, they believed the word to be
‘old’ but they did not recall a specific study détssociated with the word, they were asked tortep
‘K’ for Know by pressing the ‘2’ key. To clarify th'K’ memory response, participants were also
given the example of meeting someone on the gtraethey knew they had met before, but not
being able to determine the specific instance irciwthey had met them. Participants were then
asked if they understood the distinction betweeratRl ‘K’ responses and, after the practice session
participants were asked to give the details ofcthr@ext accompanying an ‘R’ response to the
experimenter, in order to ensure that they undedstioe difference between ‘R’ and ‘K’, and were
not simply responding on the basis of responseidence.

During each of the ensuing test phases, 75 wo#list(®@lied with faces, 25 studied with
scrambled faces, and 25 lures) were presentechitona order. The words were presented in the
centre of the screen in the same font and sizéstady. As described above, participants werediske
to make a Remember, Know, or New response by migssie of three buttons (1, 2, or 3 on the

keyboard). The word remained on the screen for 408ollowed by a fixation cross for 250 ms
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(see Figure 3). Participants could make their resp@nytime within the 4250 ms of each recognition
trial. Each participant was told that four secosldsuld be enough time to make their response and
that, if they did miss a word, they should not woand just try to complete the next trial.

Participants were given a short break (approxigeehinutes) between study-test cycles. The order
of presentation of the word lists for the threalgttest cycles was counterbalanced across
participants.

Results and Discussion

All analyses use a significant value_of p05.

Identification task performancB®ata from the identification task, performed dgrthe study

phase, were analyzed using a repeated measures AN@®&an accuracy (measured as hit rate —
false alarm rate) on the identification task was(SD = .04) for faces, and .97 (SP.03) for
scrambled faces, which did not differ significapfi(1, 14) = 2.15. | also examined response time,
although speed of responding was not emphasizedgdilne identification task. The mean response
time (RT) in milliseconds to correct responses hW2i84.07 (SD= 618.63) for faces and 1142.09 (SD
=582.12) for scrambled faces, with significantlyvger RT to identify faces than scrambled faces, F
(1, 14) = 19.60, MSE 130654.92.

Memory task performancdable 1 shows the means for each memory measdrgiahtype,

collapsed across the three recognition tests. @veesnory performance was analyzed using hit rate
minus false alarm rate as the dependent measuoce (Gilse alarm rate was the same for both trial
types), as well as d'. | then analyzed Remembairacy, Know accuracy, and IRK familiarity
separately. For each measure, data were first zathip separate 2 (Context: studied with a face or
studied with a scrambled face) x 3 (Study-Test&yxl3 (List order) ANOVAs. Since the last two
variables produced non-significant main effects iatetactions for all analyses, data were collapsed

across Study-Test cycle and List order.
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Overall recognition accuracy was measured as nuofl@ts out of 75 — number of false
alarms out of 75, for each word type. There wasamraffect of Context, with higher accuracy for
the words studied with faces than with scrambledsaH1, 14) = 4.51, MSE .03. There was a
similar main of Context using d' as the dependezdsure, K1, 14) = 4.58, MSE .23.

| then analyzed proportion of Remember responsaslfer of correct Remember responses
out of 75 — number of false Remember responsesfdii) and proportion of Know responses
(number of correct Know responses out of 75 — nurobéalse Know responses out of 75) for each
word type (see Figure 4). For Remember responsexe tvas a main effect of Context, with a higher
proportion of Remember responses for words studitdfaces than words studied with scrambled
faces, H1, 14) = 4.89, MSE .04. There was no effect of Context on Know oeses, K1, 14) =
.16, or on the IRK familiarity measure(E, 14) = .30. Retrospective power analyses perworon
IRK familiarity showed that & .29 and that, with a power estimate of .80, uldaeed to run 94
participants to obtain a significant effect of axiton this measure; thus | am confident that the
context manipulation had no significant effect amfliarity, though it did on recollection.

Although RT had not been emphasized at retriev@tamined these data in two separate
repeated measure ANOVAs for correct Remember ammvrsponses. There was no effect of
Context for either Remember,(E, 14) = .25, or Know, FL, 14) = 1.96, responses, ps05.

| also examined whether there was a correlatiowdret RT on the identification task
performed at encoding and later recollective menperformance, although the results should be
treated with caution due to the small sample Sike.correlations with face and scrambled face RT

were non-significant, ¥ .30 and .22, respectively.
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The results of Experiment 1 showed that participduaid better memory for words that were
studied with pictures of intact faces than wordsligtd with scrambled faces, and this effect was
specific to Remember responses. This effect ocduagardless of the fact that these two types of
context were matched for luminance and contras.r€bults demonstrate that changing the amount
of meaningful content in context information prostitat study alters the subjective experience of the

rememberer.
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2.3 Experiment 2

Although the results of Experiment 1 are in linghwthe hypothesis that participants can use
context information rich in meaningful content teate ensemble information, reflected in increased
subsequent recollection, the study did not incladeutral baseline condition, limiting the thearatti
interpretation of the results. That is, it is unkmowhether providing intact faces as accompanying
study context is boosting recollection, as comp#maeshen no context information accompanies
study words. It may be that in Experiment 1, préagrscrambled faces is impairing subsequent
recollection for studied words, rather than the miggful context (intact faces) boosting recollentio
In Experiment 2, participants studied words witttpies of faces, scrambled faces, or no image, and
subsequently performed a remember-know recogniéisinto the words presented alone, as in
Experiment 1. | expected recollection to be higbemords studied with faces as compared to with
scrambled faces and no image, whereas familiadtyiavbe unaffected. Recollection and familiarity
were expected to be equivalent for words studigd sd¢rambled faces and no image.

Method

ParticipantsEighteen undergraduates (10 female) from the Usityeof Waterloo, naive to
the experiment, participated in the study for ceumsdit or token monetary remuneration. The mean
age of the participants was 20.83 (SR2.04) and years of education was 14.67 £SD91).

Materials.The face stimuli were the same as those usedperitrent 1, although only 60
face and 60 scrambled face images were required-hmdred-forty medium to high frequency
words were chosen from Celex for the three studiegcles. In each of these cycles, the study list
was comprised of 60 words: 20 were paired withypes of faces, 20 were paired with pictures of
scrambled faces, and 20 were viewed with no imaAgmrresponding list was created for use in the
subsequent recognition test, consisting of thet@ied words plus 20 lures. Although this represent

a disproportionate number of studied to unstudiedt; this was done to ensure there was an
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adequate sample of each response type while regth@rtime required to complete each memory
task. Three different study-test list combinatiarese created such that each word was paired with
either a picture of a face, a scrambled face, amamge, counterbalanced across participants. The
order of presentation of the word lists was alsanterbalanced. All test lists were equated onrette
length (M= 6.29) and word frequency V23 occurrences per million). An additional 30sitevord
list was used in the practice session, with theeselnaracteristics as the words in the experimental
session.

ProcedureThe experimental session followed the same praesdas Experiment 1. During
the identification task, however, participants wieigructed to identify the picture as either sefay
pressing the ‘1’ key, a scrambled face by presieg2’ key, or no image by pressing the ‘3’ key
(see Figure 3). As in Experiment 1, within eacldgtaycle, the 20 scrambled images were the
scrambled versions of the 20 face images presémtbe face trials. During the recognition tesg th
words again were presented alone and participagrts asked to make a ‘Remember’, ‘Know’, or
‘New’ response.

Results and Discussion

All analyses were evaluated at the 05 level.

Identification task performancédentification task performance was analyzed usidgway

repeated measures ANOVA. Mean accuracy (hit rdiddse alarm rate) on the identification task was
.98 (SD=.02) for faces, .99 (SB .01) for scrambled faces and .98 (SD2) for no image, which

did not differ significantly, K2, 34) = .98. Speed of responding was analyddwugh had not been
emphasized during the identification task. The nmeaponse time (RT) in milliseconds to correct
responses was 1549.42 ms (SB@66.81) for faces, 1432.45 ms (S[19.58) for scrambled faces,
and 1977.48 ms (SB 227.67) for no image, which differed significgnf (2, 34) = 36.29, MSE

141881.40. Simple effects tests showed that R@ldntify no image was slower than to identify
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faces, H1, 17) = 26.84, and scrambled face$1F17) = 49.06, and that RT to identify faces was
slower than to identify scrambled faceq1F-17) = 18.82.

Memory task performanc&able 1 shows the means for each memory measdrgiaintype.

Data were again analyzed separately using ove@dgnition, overall d’, Remember accuracy, Know
accuracy, and IRK familiarity as dependent varigliteseparate 3 (Context: studied with an intact
face, scrambled face, or with no image) x 3 (Stlidgt cycle) x 3 (List order) ANOVA,; since the
latter two variables invariably produced non-sigr@nt main effects and interactions, the data were
collapsed across these variables.

Overall recognition accuracy, measured as hitoatef 60 — false alarm rate out of 60,
showed a significant effect of Context(E 34) = 3.49, MSE .01, and simple effects tests showed
that there was no difference in overall accuradyben the face and no image(J; 17) = 1.97, and
the scrambled face and no imagd1F17) = 1.27, trials, but that accuracy was aigh the face than
scrambled face trials, @, 17) = 8.01. Analysis of d' showed the sam&pabf results (main effect
of Context, H2, 34) = 3.26.

Retrospective power analyses of overall memorygperdnce showed that when the face and
no image conditions were compared; B3 and that, with a power estimate of .80, weild need to
run 72 participants to obtain a significant effettontext on overall recognition accuracy. A sanil
comparison of the scrambled face and no image tiondihowed that ¢ .27 and that, with a power
estimate of .80, we would need to run 108 partitipéo obtain a significant effect of context oisth
measure.

| then analyzed proportion of Remember responsggeoportion of Know responses for
each word type, as in Experiment 1 (see Figur@tgre was a main effect of Context on Remember
responses, B2, 34) = 6.92, MSE .04. Remember accuracy was higher for wordsesdiudgith faces

than with scrambled faces,(E, 17) = 14.49, and than no imagg(1§-17) = 5.09. Remember

35



accuracy did not differ between words studied wittambled faces and no imagg1F£17) = 1.26, p

> .05. There was no effect of Context on Know resgs, K2, 34) = 2.04, or for IRK familiarity, F

(2, 34) = 0.67. Retrospective power analyses pedron IRK familiarity showed that=l.05 when
face and scrambled face trials were compared andl@ when face and no image trials were
compared. With a power estimate of .80, | woulddneerun 3889 and 181 participants, respectively,
to obtain a significant effect of context on IRKxféiarity.

As in Experiment 1, | analyzed RT to correct Remen#and Know responses in two separate
repeated measure ANOVAs, although RT had not begihasized at retrieval. There was no effect
of Context on RT for Remember (£, 34) = 1.09, or Know, B2, 34) = 2.08, responses.

| again examined whether there was a correlatitwd®n RT on the identification task
performed at encoding and later recollective menparformance, though the results should be
interpreted with caution due to the small sampe.sThe correlations between identification task
performance and later Remember accuracy for facapbled face, and no image trials were non-
significant, r=-.04, -.17, and .03, respectively.

The results substantiate my claim that meaningiotext information provided at study can
be used to benefit subsequent recollection. Restmlewas higher for words studied with faces as
compared to those studied without any context médion. As in Experiment 1, memory
performance was higher for words studied with faxsesompared to scrambled faces, and this benefit
was shown specifically in recollection. These rissatgue against the hypothesis that the scrambled
face contexts impair recollection; rather, theymrpthe alternative hypothesis that participaats ¢
use context information high in meaningful contanstudy to benefit memory. The argument here is
that this context promotes integration of item andtext into ensemble information, enabling

subsequent recollection.
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Although recollection was higher for words studiith faces as compared to no image,
overall memory performance was not significantlffestent between the face and no image encoding
trial types. Retrospective power analyses showat ifrthe face and no image trial types do differ,
the effect is small and a large sample would baired to obtain the effect. While this result poses
difficulties if one adopts a single-process viewexfollection (e.g., Wixted, 2007), my results do
demonstrate that context information high in meghiihcontent benefited memory for those items in
which participants reported a context-rich mem@&pyecifically, the results show that Remember
accuracy was higher for words studied with facesomspared to no image. Adopting a dual-process
perspective, this finding provides support for ititerpretation that recollection increases when

context information high in meaningful content reyided at study.

2.4 Experiment 3

Experiments 1 and 2 showed that participants hagleehrecollection of words studied with
pictures of faces (highly meaningful visual conggthan of scrambled faces (low meaningful visual
contexts), or no accompanying context at studgouid be argued, however, that scrambled faces are
less useful cues for word-context integration, bestause they are lacking in meaning, but because
they contain greater inter-item perceptual simijailf it is difficult to distinguish different seambled
faces, this may make it harder to form specifiadistinctive, item-context associations. To tef th
possibility, in Experiment 3 | asked participardsstudy words presented with pictures of upright or
inverted faces. Research has shown that invertpigtare of a face disrupts the normal holistic
processing of the face information (Tanaka & Fal®93). In particular, inverted faces are believed
to be processed more featurally. Consequentlyptimgides an appropriate control condition with
which to test the context effect on recollectiog.ddsrupting participants’ ability to process tlaed
using normal holistic-based processes, | shouldipigheir ability to extract meaning from the face

and therefore, impair their ability to engage ia #laborative processes that bind the item andxgbnt
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into ensemble information, while leaving the visfeltures, and the inter-item similarity, equivalen
across these trial types. This hypothesis sugtiestproviding context information high in
meaningful content at study can help participantsage in intentional strategies at study, such as
elaborative processing, that develop rich memages.

In this experiment, | expected memory performandese higher for words studied with
upright than inverted faces, since inverting theefahould disrupt participants’ ability to extract
meaningful information from the face. Context imf@tion high in meaningful content should
increase the development of ensemble informatifteated in increased recollection, or Remember
accuracy, at retrieval. In contrast, Know responatsch do not require the retrieval of context
information, were expected to be unaffected byctihext manipulation at encoding.

Method

ParticipantsFifteen undergraduates (8 female) from the Unityets Waterloo, naive to the
experiment, participated in the study for coursslitror token monetary remuneration. The mean age
and years of education of the participants werg8l€5D= 1.72) and 13.96 (SB 1.28),
respectively. All participants were fluent Englisheakers, and had normal or corrected-to-normal
hearing and vision.

Materials.The word and face stimuli were the same as theed in Experiment 1. For the
inverted face trials, the 75 faces used for thesf&ord pairs were rotated 180°. The pictures thus
consisted of 75 upright faces and 75 inverted féses Figure 3).

ProcedureThe experimental session followed the same proesdas Experiment 1. During
the identification task, however, participants wiaigructed to identify the picture as either an
upright face, by pressing the ‘1’ key, or an inedrface, by pressing the ‘2’ key. During the
recognition test, the words again were presentatealand participants were asked to make a

‘Remember’, ‘Know’, or ‘New’ response, as in Expaént 1.
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Results and Discussion

All analyses were evaluated at the 05 level.

Identification task performancedentification task performance was analyzed usi?gway

repeated measures ANOVA. Mean accuracy (hit rdiddse alarm rate) on the identification task was
.95 (SD=.05) for upright faces and .96 (SD05) for inverted faces, which did not differ
significantly, F(1, 14) = 2.08. Speed of responding was analythedigh it had not been emphasized
during the identification task. The mean respoimae t{RT) in milliseconds to correct responses was
947.71 ms (SD 305.12) for upright faces and 882.07 ms (S813.35) for inverted faces, which
differed significantly,_H1, 14) = 7.25, MSE 32317.85.

Memory task performanc&able 1 shows the means for each memory measdrgialntype.

As in Experiments 1 and 2, all measures weredinstyzed in a 2 (Context: studied with an upright
or inverted face) x 3 (Study-Test cycle) x 3 (lastler) ANOVA, although data were collapsed across
the latter two variables as they consistently poadiunon-significant main effects and interactions.
Overall recognition accuracy (measured as hit+dtdse alarm rate) showed a significant effect of
Context, with higher accuracy for words studiechwipright than with inverted faces(F, 14) =
6.38, MSE= .02, though the effect using d' as the depenabeaisure did not reach significance1F
14) = 2.26, p > .05.

| then analyzed proportion of Remember responsggeoportion of Know responses for
each word type, as in Experiments 1 and 2 (sea&#ju There was a main effect of Context for
Remember responses, with a higher proportion ofdRelmer responses for words studied with
upright than inverted faces,(E, 14) = 4.97, MSE .06. There was no effect of Context for Know
responses, FL, 14) = 1.89, or for IRK familiarity, L, 14) = 1.1. Retrospective power analyses
performed on IRK familiarity showed that=d.09 and, with a power estimate of .80, | woubeah to

run 1502.67 participants to obtain a significafeetf
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As in Experiment 1, | analyzed RT to correct Remenand Know responses in two separate
repeated measure ANOVAs, although RT was not enigdthat retrieval. There was no effect of
Context on RT for Remember responseél,FL4) = .49, although participants were fastembke
Know responses for words studied with inverted thyanght faces, K1, 14) = 17.56, MSE
145766.40.

| again examined whether there was a correlatibwd®n RT on the identification task
performed at encoding and later recollective menperformance. The correlations between
identification task performance and later Remenalgetracy for upright and inverted faces were
non-significant, = -.18 and -.07, respectively, although the resstiould be interpreted with caution
due to the small sample size.

These results show that memory performance, amdleetion in particular, benefits when
words are presented with pictures of upright, asgared to inverted, faces, suggesting that
recollection increases when items are presentddandontext high in meaningful content, despite
controlling for inter-item perceptual similarity dichanges in visual information. In particularsthi
study demonstrates that even when the same fatext®are provided at study, item recollection
suffers when participants’ ability to process theef holistically is disrupted. This provides furthe
evidence that the level of meaningful content integt information is an important factor that

influences subsequent recollection.

2.5 Experiment 4

In the final experiment of this chapter, | examitealv changing the novelty of the context
presented at study influenced later recollectidre movelty encoding hypothesis suggests that
encoding consists of two steps: a novelty assedsifiodiowed by higher level encoding operations
(Tulving & Kroll, 1995). Novel items are given pegénce for higher level encoding operations,

which increases subsequent memory performancepimost of this hypothesis, research shows that
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when participants are familiarized with a subsewofds before the study session, they show lower
recognition for those words than for words presgstdely during the study phase (Tulving & Kroll,
1995). Although some researchers have suggestesutia novelty effects are based in recollection
(Dobbins, Kroll, Yonelinas, & Liu, 1998; Rajaran998), other research suggests that novelty effects
act on both recollection and familiarity (Kishiya®ayonelinas, 2003).

In our previous experiments, each word was pairdd avunique face in the high meaningful
context trials. Since the scrambled face and iedeféce trials of Experiments 1, 2, and 3 contained
lower meaningful content, they may have been peedeais more similar (or familiar) than the face
images. The novelty, or uniqueness, of the intaoe tontexts may have promoted increased
processing of the word-context pair as an integratgt, influencing subsequent recollection. It is
thus possible that context information high in nmiegful content will improve memory performance
only if it is novel (or unique), and this is thesimof our effects in Experiments 1, 2, and 3.
Alternatively, participants may be able to use hawel familiar context information to develop
equally unique associations between item and coptess, since the word is always novel, and thus
S0 too is the word-context association that is bigexl. More specifically, it may be novel
associations created by the participant, rather tiwavel contexts per se, which benefit subsequent
recollection. Examining whether it is the novelty (niqueness) of the accompanying context
information presented across trials that leadhedobost in recollection for the target word calp he
pinpoint what aspect of context information, adstuenhances recollection.

Participants studied words that were presented aiftier a ‘novel face’ (as in the face trials
of Experiments 1, 2, & 3) or a ‘repeated face’ @thieplaced the scrambled/inverted face trials in
Experiments 1, 2, & 3). To this end, participanteyevexposed to a face that was repeatedly presented
as the ‘context’ during the practice session. Téeated face was then used for the ‘repeated-

context’ trial types during the experimental trigds in the other experiments, following study,
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participants performed a memory test for the wamésented alone. If the novelty of the context
accompanying the word during study enhances wontegb integration, recollection should be
higher for words studied with unique faces (novahtext trials) as compared to words studied with
the repeated face (repeated-context trials). Adtigraly, if participants are able to similarly usevel
and repeated context information to create integransemble information (or memory traces),
recollection should not differ across the two ttigdes.

Method

ParticipantsFifteen undergraduates (8 female) from the Unityec§ Waterloo, naive to the
experiment, received course credit or token mogenuneration for participation in the study. The
mean age and years of education of the participeeits 20.47 (SB- 1.96) and 14.53 (SB 1.13),
respectively. All participants were fluent Englisheakers, and had normal or corrected-to-normal
hearing and vision.

Materials.The word and face stimuli were the same as thesd in Experiments 1, 2, and 3,
except that instead of using the scrambled or tadeiaces, an additional face stimulus from the AR
face database (hereafter referred to as the ‘repdate’) was chosen for the ‘repeated-contexdl tri
type. Hence, of the 50 study words in each studiyegcle, 25 were paired with a unique picture of a
face (novel-context trials), and 25 were pairedhwlite ‘repeated face’ (repeated-context trialsg Th
repeated face was kept constant across the thugy-tetst cycles, as this was believed to best
replicate the ‘scrambled face’ trials of Experimé&ragnd 2 (in which a highly similar image was
repeatedly presented across trials and memory)taliks recognition test materials were the same as
in Experiments 1 and 3: 75 test words (acrosshreetstudy-test cycles) initially studied with wnéqg
faces, 75 studied with the ‘repeated face’, andeis words (see Figure 3).

ProcedureThe procedure was similar to Experiments 1, 2,arfarticipants began with a

practice session followed by the three study-tgsles, with the same timings, fonts, orientations,
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and sizes as in the previous experiments. The Stiedyification task was changed for this
experiment; for the identification task, they wéskl to press the ‘1’ key if they saw a pictureaof
unique face or the ‘2’ key if the saw a picturetwd repeated face (prior to practice, participardee
shown a picture of what was to be known as thec'agad face’ which, following the practice trials,
became a familiar face to participants relativhounique face trials). Participants then gave
'Remember’, 'Know' or ‘New' judgments to the wakebpnted alone during the corresponding
recognition memory tests, as in Experiment 1, &, &n

Results and Discussion

All analyses were evaluated at the 5 level.

Identification task performancBata from the identification task were analyzethgs 2-

way repeated measures ANOVA. Mean accuracy (fét+dtlse alarm rate) on the identification task
was .95 (SD= .04) for the novel and .95 (SP.04) for the repeated faces, which did not diffe
significantly, F(1, 14) = 0.32. The mean response time (RT) itigadonds to correct responses was
1789 (SD= 458) for the novel and 1729 (SD526) for the repeated face trial types, whicoalid

not differ significantly, K1, 14) = 4.01.

Memory task performanc&he means for each memory measure and trial tygosheown in
Table 1. Analyses for all response types were agaiducted initially as 2 (Context: studied with a
novel face or the repeated face) x 3 (Study-Tesdkegx 3 (List order) ANOVAs. The latter two
variables consistently produced non-significantmedfects and interactions for all measures, sa dat
were collapsed across these factors. The mainteffécontext on overall recognition accuracy (hit
rate — false alarm rate) and overall d' were rgiticant, F(1, 14) = .46 and .74, respectively.

| then examined proportion of Remember responsgparportion of Know responses for
each word type, as in Experiments 1, 2, and 3Kgpee 4). There was no effect of Context on

Remember, k1, 14) = .39, or Know, F1, 14) = .00, responses, nor on IRK familiariy1, 14) =
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.53. | performed retrospective power analyses dh Bemember accuracy and IRK familiarity
measures. This analysis showed that.di6 for Remember accuracy and .18 for IRK faamitly,
indicating that, with a power estimate of .80, lulkbneed to run 284 and 221 participants to okdain
significant effect of context, respectively.

RT for Remember and Know responses were then athlyztwo separate ANOVAS,
although RT was not emphasized at retrieval. Ther®no effect of Context for either Remember, F
(1, 14) =.73, or Know, 1, 14) = .08, responses, ps05.

The results indicate that the novelty of the conpemvided at study did not differentially
affect later overall recognition or recollectiontafget words, suggesting that novel contexts do no
enhance word-context integration. The findings supthe alternative hypothesis that familiar
contexts do not impair subsequent recollectionesthe word-context association (or ensemble) is

always novel. | discuss the implications of thigdfng further in the general discussion.

2.6 General Discussion of Chapter 2 Experiments

I examined how visual context information providkding encoding, and unrelated to the
target study word, affected later recollectionards presented alone. This study is novel inithat

focused on how additional meaningful context preaestudy, but absent at retrieviafluenced

later recollection of target information. In fourperiments, | showed that recollection was
consistently higher when words were studied withtext information high in meaningful content
(faces) as compared to contexts that were sinmlaerceptual features but lower in meaningful
content (scrambled face or inverted face), andtttisteffect reflects a boost in recollection conegia
to when words are presented without any additivisalal context information. Furthermore, |
showed that this effect was not due to differermcake novelty of context information across tridls

discuss each of these points in turn.
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Experiments 1-3 tested the hypothesis that targedsvstudied with accompanying context
high in meaningful content would benefit later fémetion of targets, compared to when the context
contained similar perceptual features (luminanoatrast, and inter-item perceptual similarity) but
was lower in meaningful content. This hypothesibfes from Murnane et al.’s (1999) ICE theory,
in that | suggest it is only when context inforroatipresent at study is rich in meaningful contbat t
participants integrate item and context informaiitto a cohesive memory trace. | additionally
extend this theory by suggesting that when paditip develop such ensemble information at study,
the item will be bound to the contextual informatind thus retrieved preferentially through
recollective memory processes. In support of tHisind that participants had higher overall memory
for words studied with pictures of faces relativenords studied with scrambled faces or inverted
faces, and that this effect was specific to wolidsrgRemember responses. This finding replicates
that of Luo et al. (2007), showing that the promisof additional context information at study can
improve later recollection. Experiments 1, 2 arekend this work by demonstrating that a)
changing the amount of meaning that can be exttdoben visual context information changes the
guality of the memory retrieved, b) this effectieefs a boost in recollection, relative to when no
visual context is presented at study, and c) tlustito recollection reflects differences in the
meaning, rather than changes in the perceptuahctagistics or the inter-item similarity of the
context presented at study. Importantly, whereasngsearch has focused on context reinstatement
effects, showing somewhat contradictory resultb@mn context information influences recognition
memory performance (Bjork & Richardson-Klavehn, @98lacken, 2002: Murnane et al., 1999;
Smith, 1988), my paradigm shows that one does eed o re-present the context at retrieval to
observe enhanced recollection.

Experiment 2 provides a critical contribution te tiheoretical interpretation of the findings.

The results substantiate the claim that providimgtexts high in meaningful content at study boosts

45



recollection and, furthermore, that the provisiérantext information gives participants an
opportunity to use elaborative processing to irggitem-context pairs into cohesive memory traces,
as compared to a no-context condition. In additiexperiment 3 showed that even when the same
contexts are presented at study (faces), disrugtim@mount of meaning that can be extracted from
the context information (inverting the face) redusabsequent item recollection. That this occurred
without any specific experimental instructions todothe item and context information at study
suggests that participants use strategies tharatethe item and context into ensemble informmatio
spontaneously.

| suggest that participants use a strategic prabassg encoding in which meaningful
context information aids in developing rich memtrmaces for target information. Other research
converges on this notion, showing that encodingribaning of item information improves memory
performance (Gardiner et al., 1996); however, éedtthis to the encoding of meaningful context
information. The work shows that providing partimips a meaningful framework in which to process
item information, through the provision of externahtext information, changes the way in which
item information is processed and subsequently mdmeeed. Specifically, | suggest that participants
engage in controlled encoding processes that pethetbinding of item and context information
into a distinctive/detailed memory trace. Thisugported by theories proposing that participants us
strategic elaborative processes at encoding toostipmding processes (Shing, Werkle-Bergner, Li,
& Lindenbrger, 2008) and that recollection is dodite retrieval of elaborated memory traces
(Macken & Hampson, 1993). In addition, Murnanele{Z099) suggest that “context information
that is relatively rich in meaningful content shibbe more easily integrated into an ensemble
through a process of item elaboration” (p. 408)tH/W¥éspect to the current study, | propose that fac
contexts, which are high in meaningful context, e easily elaborated upon during study

scrambled face contexts, which are low in meaninggatent. Participants are thus able to elaborate

46



a link, or an association, between faces and wavdigh promotes the binding of item-context
information, or the development of ensemble infdiamg accounting for the boost in recollection.

Support for this hypothesis comes from post-expeninguestioning, performed in
Experiment 2, which suggests that the participaet® developing stories or making subjective
judgments to link the word to the face during sttmimprove their later memory performance. In
this experiment, participants were asked to desdtib strategies they used to remember the words
on the task. Over 60% reported that they usedittierps of faces to help them remember the words;
some of these patrticipants reported directly aatiog the words and the face, whereas others stated
that they used the faces to help increase the parselevance of the word. For example, one person
reported that they used the faces that reminded tiféheir family and friends to make a story about
the word. In addition, many of those participagsarted that they found it easier to use such
strategies to remember the words studied with fasesompared to the words studied with scrambled
faces.

Of note, in Experiments 1, 2, and 3, participantserconsistently slower in identifying
pictures of faces as compared to scrambled andted/éaces. While these results should be
interpreted with caution, as RT was not emphasigeshcoding, they do lend support to the
possibility that participants spend more time exang the faces, or engaging in some other process
at encoding, that leads to subsequent recollebéorfits for words studied with faces. If this were
true, one would expect that RT for face identifimatat encoding would be positively correlated with
subsequent recollection performance; | did not flid was the case in any of the experiments.
However, these correlational analyses may be niisigadue to the small sample size. Further
studies should continue to examine whether RT miffees at encoding can lead to important insights

into the processes at encoding that support rextimlebenefits of context information.
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The results of this study are similar to that opp&(2005) in that Remember responses were
found to increase for words studied with additiocattext information. However, in our study we
also found an increase in overall recognition wivends were studied with information high versus
low in meaningful content, whereas Gopie (2005ntbthat overall recognition performance did not
differ for words studied with and without conterfarmation. This difference may reflect variation i
the context manipulation used in the two studiekek¥as we compared memory performance for
words studied with context information high and lmwneaningful content, Gopie compared
memory performance for words studied with and witrexdditional perceptual context information
(word colour and screen location). The perceptaatext information used in Gopie’s study is not
very high in meaningful content. Murnane et al.9@Psuggested that ensemble formation is a
function of the meaningful content in the conteXbimation. It is possible that, whereas Gopie’s
manipulation increased the distinctiveness of timaugi, increasing recollection but leaving overall
recognition unchanged, my manipulation increasam-itontext integration, increasing both overall
recognition and recollection performance. The tssggest that the meaningful content of the
contextual stimuli is an important factor in preufig future memory performance.

In Experiment 4, | showed that the novelty of tbatext information did not differentially
affect recollection of target information. | suggtret this finding reflects the fact that, eveaugh a
familiar face was presented in the repeated-comtiexs, the target study word was different onheac
trial. Since the target word information alwaysigdrin both the novel-context and repeated-context
trials, participants had the possibility to forgéque ensemble information (or associations) betwee
the word and picture information, regardless of thbethe picture itself was novel or repeated.
Hockley (2008) showed similar results, demonstgatitat reinstatement effects on memory
performance did not differ when novel or repeateatexts were presented at study. He argued that

these findings pose a problem for interpretatiamggesting that context reinstatement effects in
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recognition memory are the result of specific iteomtext associations formed at study (as proposed
by Macken, 2002), since it should be more difficaltetrieve associations for repeated contexts Th
hypothesis follows from evidence of associativeif@rence and of the fan effect, in which response
time and/or error rate on a memory task increaseswmultiple items are associated with a single
concept. However, in our experiments, and in HockB908), the contexts were images, rather than
word or sentence stimuli generally used in tes@sgbciative interference, suggesting that this may
be an important variable. For example, it may lz¢ itthages more easily allow the formation of
unique ensemble information than do words. In Viith this, we have suggested that, in the present
experiments, participants created a new piecefofrimation, an ensemble, when associating item and
context information at study. As an ensemble isigue piece of information (or association)
developed for each item-context pair, it is pogsthht the effects of associative interference are
reduced when an ensemble is developed. Anotheibjiidgss that the repeated face became
increasingly distinctive through repetition. Fomexle, by becoming more familiar with the face,
participants may have been able to assign moreingeaor a more distinctive identity, to the face
(e.g., itis the female face with the nice smilaialy which countered the decrease in the novélty o
this context information. Such possibilities wited to be tested in the future.

| have suggested that when context information fgheaningful content is provided at
study, participants engage in elaborative procassesupport the development of ensemble
information. This follows from Murnane et al.’s @9 hypothesis that participants can more easily
use elaborative processes to integrate item anextdnformation at study when context information
is high in meaningful content. While the studieshiis chapter show that memory performance, and
recollection in particular, is higher for words died with context information high versus low in
meaningful content, they have not directly showvat trighly meaningful context information

promotes item-context integration, failing to rolgt other potential explanations of the data. In
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particular, it is possible that the data reporteckhs related to distinctiveness effects of menfseg
Hunt & Worthen, 2006 for an extensive report on hitmm distinctiveness influences memory).

In a study similar to the experiments reported hisrael and Schacter (1997) examined
whether providing context information at study abreéduce false memories in the Deese/Roediger
and McDermott (DRM) task. In the DRM task, partanips often false alarm to a non-studied item
(e.g., sleep) because it is highly related to itfteof study words (e.g., bed, pillow, etc). Israat
Schacter found that false alarms on this task westaced when the words were studied with pictorial
representations. They suggested that words stuwdibdgictures were more distinctive than studying
the words alone and that participants used a faistieness heuristic’ at test to improve memory
performance (Schacter, Israel, & Racine, 1999)ectly rejecting non-studied items because they
failed to recollect distinctive features (i.e.,tpi@ information) at retrieval. These results hiagen
subsequently replicated (Gallo, Weiss, & Scha@@d4; Schacter et al., 1999). While these studies
consistently show that false alarms of non-studiated words are reduced at test when distinctive
pictorial information is provided at study, unlitee current study, they fail to show consistent
changes in the hit rate.

MacLeod, Gopie, Hourihan, Neary, and Ozubko (irsgydave additionally examined how
distinctiveness affects memory performance in whey call the production effect. They
demonstrated that memory performance is highewéods that are spoken aloud during study as
compared to words read silently. They suggest tagén words are spoken aloud at study,
participants develop more distinctive records efwords, which are used at test to help them
discriminate studied from non-studied items. Maalebal. go on to suggest that this phenomenon is
in a member of a class of encoding variables thatéve memory by increasing the distinctiveness
of studied items, including the generation eff@cb@ucing a word from a cue leads to better memory

than simply reading the word) and the enactmeetefperforming an action leads to better memory
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than reading the instruction). Two features of théss of encoding manipulations support this
interpretation: The effects are more consistertynfl in within-participant mixed-list designs and
they are found on explicit, but not implicit, te¢idacLeod et al., in press).

With respect to the current study, it may be arghedt words studied with context
information high in meaningful content become maigginctive. That is, at test, participants expect
to recall more distinctive information for wordsidted with context information high, as compared
to low, in meaningful content. The distinctive infmation provided at study (the face) is used
heuristically at test to help participants discnate studied from non-studied items. Thus, whelreas
have argued that participants use elaborative psaeseat study to integrate the item and context
information, developing unigue ensemble informatoil increasing recollection, this hypothesis
suggests the item-context associations at studjupsomore distinctive memory traces, which are
used heuristically at test to improve subsequemhang performance.

The notion that face contexts are used to makeiiésrmation more distinctive, resulting in
improved memory performance, is not necessariljusie from the interpretation that face contexts
are used to elaborate upon to-be-remembered infamat study to develop cohesive, rich memory
traces. Elaboration at study surely works to makeitem information distinctive and, in order for
face information to make item information appearendistinctive at retrieval, some binding between
the face and item information must occur at stldhe difference between these hypotheses may thus
be related to the extent that elaboration is usedake item information distinctive: An
ensemble/distinctiveness-account likely requirelser elaborations at study than the more heuristic-
based distinctiveness-account offered above.

To help elucidate this issue, | will refer to wisathmidt (1991) calls distinctive processing.
In this class of distinctiveness, "different praaes evoked by different tasks or materials areghibu

to lead to memory traces varying in distinctivefi€ps 532). Examples of distinctive processes are
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the levels-of-processing effect and concretendsstet suggest that the manipulation found in the
current study is a form of distinctive processinbat is, by providing the face contexts at study,
participants engage in a different type of proaassi.e., binding/developing associations between
item and context), which enhances the distinctigefl@emorability of the item though the formation
of rich memory traces. Schmidt (1991) noted thit ¢thass of distinctiveness is the only form of
distinctiveness to show consistent effects in lvathin- and between-participant designs. In contras
the production effect (MacLeod et al., in presshearyation effect (Begg & Snider, 1987), and
enactment effect (Engelkamp & Dehn, 2000) haveedin shown to work predominantly in within-
participant, mixed-lists, rather than between-pgséint designs (though the distinctiveness hearisti
has been shown to work in between- and not withirtigipant designs; see Dodson & Schacter, 2001
for a description and explanation of this phenomégniglacLeod et al. (in press) suggest that this
occurs because distinctiveness is relative to diméext in which an item occurs (for example, words
said aloud are only distinctive if there are sonoeds that are read silently). Examining whether the
effects found in the current study can be found between-participant design may thus lead to
important insights regarding the basis of thisafféf the recollection benefits found in this spud
occur because the face-word pairs are distincélaive tothe scrambled face-word pairs (as in the
production, generation, and enactment effects)etfeet should be consistently found in within-f bu
not between-participant designs. However, if pgodints use the face context provided at study to
engage in a different from of processing at stugy, (engage in more elaborative processes that
integrate the item and context information), remxilon benefits should be consistently found irhbot
within- and between-participant designs.

However, as mentioned previously, these intergoetatare not necessarily mutually
exclusive, but rather relate to the extent to wigalticipants are believed to engage in elaborative

processes that integrate the item and contextidy stWhereas some participants may engage in a
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rather low level of binding, in which words studieith face contexts become distinctive relative to
words studied with scrambled face contexts, itdssjble that other participants engage in a deeper
level of binding through which ensembles are fornTduls, it may be too simplistic to suggest that
one can 'test' these two alternatives by 'pinrtiegnt against one another in a between-participant
design. Rather, a more sophisticated approach m#y &sk participants to state what information
they are basing their Remember responses on. Bygaskople to report the context information
through which they make a Remember response, ongaia insight into the extent to which
participants have used elaborative processesegrate the item and context information at study.
The experiments in this chapter have begun to e@lenthe characteristics of context
information that can be used to improve subsedtemtrecollection. In particular, they suggest that
context information, unrelated to the target itexd absent at retrieval, can improve memory,
specifically recollection, if it is meaningful tbe participant. Future studies can determine more
specifically what types of context information prate maximal integration of item and context
information, and later item recollection. For exdeppvhether different types of objects have
different effects on recollection remains to beed@ined. Do images of faces produce larger benefits
to subsequent recollection than do images of dogsthier animal faces) or geometric figures? There
may also be specific context effects based on iddat differences. For example, one might expect
that dog experts would be better able to integristgal images of different dog breeds with item
information than non-experts, since they would lble #o extract more meaning from the context,
affecting subsequent recollection. Another possitis that the personal relevance, or affective
valence of the context, will influence subsequerbHlection of target information. Thus, while |
have provided evidence that provision of meaning@uitext information benefits recollection, this
paradigm can be used in future studies to exanondittons which best promote item-context

integration.
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One limitation of the current study, however, iattalthough | have shown that changing the
type of visual context information provided at sttligh or low in meaningful content) influences
memory performance, | have not specified the pseEesequired to obtain recollection benefits when
context information is provided at encoding. Sgealfy, the hypothesis that participants use
controlled processes at encoding to bind item-camairs, and that this is more easily accomplished
with context information high in meaningful contehés not been explicitly tested. If controlled
processes are required to integrate item and coinfexmation, one would expect that limiting the
amount of processing time at encoding (i.e., redytie time in which face-word pairs are presented
at study) would impair item-context binding andshreduce recollection benefits when meaningful
context information is provided at study. One waosildilarly expect that dividing participants’
attention during encoding would disrupt particigamability to engage in the controlled processes
required to promote item-context binding. Such higpees should be tested in future work.

Another method that can be used to test the hypisthigat controlled processes at encoding
are required to obtain recollection benefits istamine how the normal aging process affects
participants’ ability to obtain recollection bersfiexamined in Chapter 3. Since older adults are
believed to have deficits in controlled processasik & Byrd, 1982), older adults should show less
of a benefit, or possibly no recollection benefihen context information high in meaningful content
is provided at study, if such controlled processesrequired to integrate item and context into
ensemble information. | also examine how chandirgcbgnitive operations performed on the
context, rather than changes in the context predeaattstudy, influence subsequent recollection.
These experiments begin to address questions ofteowcontext binding occur, rather than
focusing on which contexts best promote item-cdrivéxding.

A second limitation of this thesis thus far is thative currently placed the majority of the

focus on controlled processes at encoding. Howéhisralso possible that participants are required
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to use controlled processes at retrieval to ob&nllection benefits from context information
provided at study. Research shows that the suctessieval of information often involves the
deliberate use of controlled processes, such asitlaion and implementation of search strategies
or complex decision making (Glisky, Rubin, & Dawas 2001; Moscovitch, 1994). In addition,
Glisky et al. (2001) suggest that active retriguacesses may be particularly required when source
information is poorly encoded. Theorists propose thcollection involves more processing time at
retrieval than familiarity, required to retrieveusce information and engage in additional search an
post-monitoring processes (Yonelinas, 2002). thésefore possible that the context benefits rebort
in this thesis require such controlled processestaeval. Such possibilities could be tested by
limiting the time participants have to make a resey or by dividing attention, at test.

It is also important to begin replicating thesaiilgs using other experimental paradigms to
determine whether the effects extend beyond remehkmmav recognition tests. Examining how
recollection is affected by varying the meaningfohtent in context information provided at study
using the process dissociation procedure (PDRYamiver operating characteristic (ROC) paradigms
would provide important extensions to this worksgithey could provide converging evidence that
the effect is specific to recollection. Secondk possible that, in the current study, participant
engaged in binding strategies because the remeknibgrparadigm was used at test (i.e.,
participants tried to develop context-rich memot@seport a Remember response). Examining how
context information provided at study affects résiion in PDP or ROC paradigms could test
whether participants spontaneously engage in tbtesiegies regardless of the test demands, or
whether the strategies used at encoding depentkaetrieval task.

In summary, | have shown that participants cannusaningful visual context information,
present only at encoding, to develop rich memagds enhancing later recollection of target words,

and that this benefit is not related to the noveftthe context. These results are in line withreot
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memory models hypothesizing that item and contggtrmation can be bound into ensembles, and

additionally suggest that this leads to a spebiicefit in recollection responses.
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Chapter 3
Age-related Changes in the use of Study Context to Increase

Recollection

In this chapter, | examine how healthy aging affgarticipants’ ability to use context
information high in meaningful content to improweésequent item recollection. Memory difficulties
are a persistent and common complaint among ottidtsa However, research shows that not all
memory processes are equally disrupted by advamgjagFor example, older adults show relatively
preserved performance on tests of non-declardtight & Singh, 1987) and semantic (Park, Polk,
Mikels, Taylor, & Marshuetz, 2001) memory, althoyggrformance on short-term or episodic
memory tasks often shows a decline with advanogey(Rark et al., 2001). Further variation is found
within the episodic memory domain. For examplesegic memory tests that provide a retrieval cue,
such as recognition or cued-recall tests, showlemage-related deficits than tests that do not
provide external cues, such as free recall (Ca086).

Of great interest to memory researchers is tiratllection appears to be more adversely
affected by normal aging than is familiarity. Ol@alults show a marked decline in their ability to
recollect past events, but generally show smaticochange in familiarity responses (Perfect et al.,
1995; Prull et al., 2006). This finding suggests timemory deficits associated with normal aging
specifically affect processes involved in the emegdnd/or retrieval of contextual details of past
events. This notion is supported by studies the¢ lexamined source memory. These studies show
that older adults have difficulty remembering tioatext in which an item was presented (Ferguson
et al., 1992; Kausler & Puckett, 1981; Naveh-BerjadnCraik, 1995), and that there are larger age
deficits in memory when participants are askecetnember source (context) information as

compared to item (content) information (MclntyreCRaik, 1987; Spencer & Raz, 1995). Thus, it
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appears that not all memory processes are equfdbted by normal aging; rather, there is a
disproportionate decline in the processes involaezhcoding and/or retrieving contextual details of
past events. Craik (1986) has suggested that rdduggitive resources in older adults results in a
reduction in the spontaneous use of elaboratiagegies at encoding and retrieval, which leads to
age-related deficits in memory performance.

Another theoretical framework that can be usedaén these findings is the Associative
Deficit Hypothesis (ADH; Naveh-Benjamin, 2000). $tiypothesis suggests that older adults have a
specific deficit in forming associations betweanits, an item and its context, or two contextual
features. This theory is supported by work in whpehticipants are asked to study associated
information (such as face-name pairs) and are ¢fien a recognition test on either the item
information (the face or the name) or the assamidbetween the items (the face-name pair). These
studies show that age-related differences in memerfprmance are higher when participants are
required to retrieve associations between two itéras when they are required to retrieve item
information (Naveh-Benjamin, 2000; Naveh-Benjan@iiez, Kilb, & Reedy, 2004). | believe that
this deficit contributes to the decreased tendei@jder adults to produce recollective memory
responses: Older adults do not adequately bincegtrdl information to the to-be-remembered item,
preventing the formation of a context-rich memaace that can later be retrieved by recollective
memory processes.

In a previous study, Luo et al. (2007) found thairyger adult participants were more likely
to correctly reject previously presented words orexzclusion test if the words were presented with a
related sound at study. Older adults, however, waable to use the sound information to reduce
their false alarms in the exclusion test. This wauggests that the younger adults were able to
effectively integrate the word-sound pairings iatoohesive memory trace, and this allowed them to

later use recollective processes to reject thesesit The older adults, however, were unable to
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benefit from the additional context, possibly besmathey were unable to successfully bind, or
associate, the item and context information in mgma addition, Experiments 1-3 of this thesis,
reported in Chapter 2, showed that younger adahsuse context information high in meaningful
context to boost subsequent item recollection. dureent study (Skinner & Fernandes, in press)
aimed to extend the findings of Luo et al. by inigeting whether the normal aging process affects
participants’ ability to attain a recollection béihevhen meaningful context information is provided

at study, and how this affects the type of membay is retrieved.

3.1 Overview of Experiments

The ADH suggests that older adults have specifficdities binding item and context
information into cohesive memory traces. This le@adfie prediction that younger, but not older,
adult participants can use context information fted at study to benefit subsequent memory
performance. The extent to which contextual infdiomabenefits later memory performance, and
recollection in particular, may also depend on sradsility to engage in self-initiated, controlled
processing at encoding. Craik and Byrd (1982) Hygsized that, whereas younger adults readily
engage in controlled, effortful encoding proceshas support successful memory performance,
normal aging is related to a failure to voluntaglygage in such beneficial processes. Consequently,
whereas younger adults may spontaneously engabe sontrolled processes required to link item
and context at study to produce later recolledtienefits, older adults may fail to engage in such
processes.

Age differences in the use of context informatiorimiprove recollection may thus be
conceptualized as a deficit in engaging in the fielakcognitive operations that link item and
context. | thus predicted that younger, but noeglddults would show higher recollection when
context information high in meaningful content vipmevided at encoding. This possibility was tested

in Experiment 5. As predicted, younger adults stibhigher recollection when words were studied
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with pictures of faces, as compared to a picture i&fctangle, whereas older adults showed similar
memory performance for the two word-context tydése results suggest that older adults were
unable to engage in the controlled processes ejtirintegrate item and context memory into
ensemble information, preferentially retrieved thgb recollective memory processes.

If age-related deficits in the ability to use codtel information to boost subsequent
recollection are related to the type of cognitivegesses engaged at encoding, specific instructions
provided at study might serve to compensate fdn sleficits. Studies that have examined how
instructional manipulations at encoding influerai recollection (for items presented without
context information), have shown that recollectimcreases in older adults when the instructions
encourage elaborative processing. For examplee®eef al. (1995) found that when younger and
older adults studied words under deep relativénétiewn encoding conditions the age difference in
recollection was eliminated: Both age groups shoaredquivalent increase in the number of correct
Remember responses given to words studied undpradeeompared to shallow encoding conditions.
Lévdén, Ronnlund, and Nilsson (2002) similarly slkedvthat participants of varying ages (35-90
years) gave more Remember responses to wordsdtudier elaborative instructions as compared
to an intentional study condition. However, thedleaf improvement was found to vary with age,
with larger improvements in younger participants.

An additional question in my thesis, explored impEpiment 6, was whether instructional
manipulations that encourage elaborative processitige link between item and context at encoding
would increase recollection benefits attained fmtextual information provided at study,
particularly in older adults. | show that recolleatis higher when participants are instructed to
associate the item and context information (egesdhe face ‘match’ the target word?), as compared
to when instructions focus on featural processirtp® context (e.g., is the face male or femalp?) i

both younger and older adults. This finding thuggasts that strategic, or elaborative processes, ar
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needed to develop associations, or links, betwieem and context information at study, which

enhance later recollection of target items.

3.2 Experiment 5

In this experiment, | examined how the richnessasitextual information provided at study
influenced later memory performance in younger @der adults. Participants studied words
presented with either a picture of a face (highmmegful context condition) or a rectangle (low
meaningful context condition), and the remembermvkpoocedure was subsequently used to test
recognition memory for the words presented alomEeSExperiments 1-3 demonstrated that younger
adult participants can use face contexts to impsmEsequent item recollection, | again selected fac
stimuli for the high meaningful context conditidn.contrast, a picture of a rectangle was seleftted
the low meaningful context condition, as it pro\ddelatively little unique context information that
can be used to develop rich memory traces. | egdeetcollection to be higher for words studied
with high, relative to low, meaningful context imfioation in younger adults, since they should be
able to effectively use the face context at studgevelop distinctive memory traces. To the extent
that this effect depends on one’s ability to engageocesses that bind contexts high in meaningful
content provided at study to the words, and thd¢mhdults have an associative binding deficit
(Naveh-Benjamin, 2000), older adults, in contragtre expected to show similar levels of
recollection across the two study trial types. Knesponses, which do not require retrieval of any
contextual details, were expected to be unaffeloyeithe manipulation of context during encoding,
and unaffected by aging.

Method

ParticipantsThirty people took part in the experiment. Fiftdezalthy undergraduate

students from the University of Waterloo receivedrse credit or token monetary remuneration and

15 older adults recruited from the Waterloo RedeardAging Pool (WRAP) at the University of
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Waterloo received token monetary remuneration #otigipating in the study. The WRAP pool is a
database of healthy seniors in the Kitchener-Wateakea recruited by means of newspaper ads,
flyers, and local television segments. The meanvael9 years (SB 1.44, range = 17-22) for the
younger adults and 74 years (S[5.79, range = 64-82) for the older adults. Alitiggpants were
fluent English speakers, and had normal or cordetienormal hearing and vision. The mean
numbers of years of education were 13.73 €SD53) and 13.60 (SB 1.30) for the younger and
older adult groups respectively, which did noteifSignificantly. The National Adult Reading Test —
Revised (NART-R) was also administered to allovestimate of Full Scale IQ (FSIQ), based on
number of errors in pronunciation during vocabulagding (Blair & Spreen, 1989; Nelson, 1982).
Younger and older adults had mean FSIQ estimat#8afl6 (SD= 6.56) and 116.36 (SB 6.48)
respectively, which differed significantly(28) = 3.87,p= .001. Older adults were also administered
the Mini-Mental State Exam (MMSE; Folstein, Folate% McHugh, 1975) to screen for gross
neurological conditions. All had MMSE scores ofayer than 27/30 (M 29.27,_ SD= 0.88),
indicating they were free from major cognitive ar@lrological impairments.

Materials.Stimuli for the memory tasks were medium to higdgtiency words chosen from
Celex, a lexical database available on CD-ROM (RBaagt al., 1995). Two-hundred-twenty-five
words were randomly chosen for use in three diffestudy-test cycles. In each of these cycles, the
study list was comprised of 50 words: 25 were phivith pictures of faces and 25 were paired with a
white rectangle. A corresponding list was createdufe in the subsequent recognition test,
consisting of the 50 studied words plus 25 luresrfls not presented in the study phase). Thus,
across the three study-test cycles, 75 words wairegwith pictures of faces, 75 with the pictuf@o
white rectangle, and 75 served as lures. Threerdift study-test list combinations were creatett suc
that each word was paired with either a pictura fsce, a rectangle, or served as a lure acrass lis

counterbalanced across participants. The orderesiptation of the word lists for the three stuslgi-t
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cycles was also counterbalanced across participalhtest lists were equated on letter length£tM
6.31), and word frequency @118.27 occurrences per million; Baayen et al. 9)98n additional
30-item word list was used in the practice sessigit the same characteristics as the words in the
experimental session.

Face stimuli were taken from the AR face datalbaseh contains black and white
photographs showing the frontal view of male anddke faces, approximately 25-40 years of age
(Martinez & Benavente, 1998). Seventy-five facethwieutral expressions, 38 male and 37 female,
were randomly chosen to serve as the face stifindi.face stimuli were randomly assigned to 25
words for each study list; thus, all study wordseveaired with a unique face. An additional 8 face
stimuli were chosen to be used in the practice@es§he rectangle stimulus was created in
Microsoft Paint by drawing the black outline of @ton a white background in the same dimensions
as the face stimuli, which was 18 x 16 cm.

ProcedureStimulus presentation and response recording e@reolled by an IBM PC,
using E-prime v.1.1 software (Psychology Softwaoel$ Inc., Pittsburg, PA). Participants were
tested individually, and completed the experimarapproximately one hour. All participants began
by performing the NART - Revised and older adulesevalso administered the MMSE. Participants
were then given a short practice block consistiingostudy trials in which 8 face-word and 8
rectangle-word items were presented visually, mlcen order, using the same timings and procedure
as in the experimental trials (described belowpseguently, remember-know test response
instructions were given (see below), and 15 redamntrials consisting of 4 words studied with
faces, 4 words studied with rectangles, and 7 nevdsy presented in random order, were presented
visually.

The test instructions for the remember-know taskenas follows: Participants were told that

they would see some words that were from the distjyand other words that were not. If they

63



believed the word was not from the study list, ipgrants were instructed to respond “N” for New by
pressing the ‘3’ key on the numerical keypad afamdard computer keyboard. If they thought the
word was from the study list, they had two optidi, or “K”. They were told to report “R” for
Remember by pressing the ‘1’ key if the word wad’‘and they could recall specific details
associating that word with the study episode. These given examples of such details: They may
remember an image, thought, or feeling that thelydssociated with the word during study, or the
temporal order of the words, or the like. Theseextnal details meant they had a specific
recollection of that word. If however, they believtae word to be ‘old’ but they did not recall a
specific study detail associated with the wordytivere asked to report ‘K’ for Know by pressing the
‘2" key. To clarify the “K” memory response, paipants were also given the example of meeting
someone on the street that they knew they had efetdy but not being able to determine the specific
instance in which they had met them. Participareewhen asked if they understood the distinction
between “R” and “K” responses and, after the pcacsiession, participants were asked to give the
details of the context accompanying a respondegt@xperimenter, in order to ensure that they
understood the difference between "R" and "K", #ad they were not responding simply on the
basis of response confidence.

Following practice, participants completed theséhstudy-test cycles. | used 3 study-test
cycles in the design to increase the number détassociated with each encoding trial-type (word
paired with face and word paired with rectangld)ilevlessening the memory demands of each
individual recognition task. For each of the 3 stptiases, a trial began with a picture of a faca or
rectangle appearing on the screen for 1000 ms reghite the upper area of the screen (screen
coordinates: X = 324, Y = 180). A word presente@8mpoint bold Arial font then appeared directly
below the picture for 2000 ms (X = 324, Y = 379eawhich both the picture and the word

disappeared, followed by a 500 ms fixation crogs@nted centrally. In each of the three study
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phases, 50 trials were presented (25 face-wor@&mdctangle-word), with trial type randomized.

All stimuli were presented in a fully illuminatedam on a 17 inch (43.18 cm) computer screen, and
the viewing angles of the picture and word stimudire approximately 16.6° and 5.7° respectively.
Participants were asked to memorize the wordsrarpeoming memory test. To ensure that
participants encoded the context (face or rectamfyleng study, participants were also asked to
manually identify, for each study trial, the picpresented with each word as either a face or
rectangle, by making a button press. Participaet®wot provided specific instructions on how to
process the contextual stimuli. Each trial lastéds3 and participants were asked to make their
classification response during this time.

After each study phase, participants counted badksvby threes for 30 seconds. During the
ensuing test phase, 75 words (25 studied with fé&festudied with rectangles, and 25 lures) were
presented in a randomized order. The words werepted in the centre of the screen in the same
font and size as at study. Participants were akkeathke a Remember, Know, or New response by
pressing one of three buttons (1, 2, or 3 on tlybdard). The word remained on the screen for 4000
ms, followed by a fixation cross for 250 ms. Papats could make their response anytime within
the 4250 ms of each recognition trial. They weté that four seconds should be enough time to
make their response and that, if they did miss awtbey should not worry, and just try to complete
the next trial. Participants were given a shorakr@pproximately 2 minutes) between each study-
test cycles. The order of presentation of the Mistd for the three study-test cycles was
counterbalanced across participants.

Results
All analyses were evaluated at the 5 level unless otherwise noted.

Identification task performancB®ata from the identification task, performed dgrthe study

phase, were analyzed using a 2 (Context: facectangle) x 2 (Age group) ANOVA. Mean accuracy
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(measured as hit rate — false alarm rate) on #mtifttation task in younger and older adults v .
(SD=.02) and .92 (S .23) for faces, and .97 (SP.02) and .98 (SB .03) for rectangles,
respectively. Although speed of responding hadoeen emphasized during the identification task, |
nonetheless examined these data. The mean redporg®T) in milliseconds to correct responses
in younger and older adults was 1133 ms (S685) and 999 ms (SB 492) for faces, and 1112 ms
(SD=706) and 992 ms (SB519) for rectangles, respectively. The mainaffef Context and Age
group, as well as the interaction, for accuracy Rmdvere non-significant (Fs < 1.0).

Memory task performanc&able 2 shows the means for each memory measiatdype,

and age group, collapsed across the three recognésts. Overall memory performance was
analyzed using hit rate minus false alarm ratdhaslependent measure (since false alarm rate was
the same for both trial types), as well as d'. €ach measure, data were first analyzed in a 2
(Context: encoded with a face or encoded with targge) x 2 (Age group) x 3 (Study-Test Cycle) x
3 (List order) ANOVA. Since the latter two variablproduced non-significant main effects and
interactions, data were collapsed across thesablasi and analyzed in a 2 x 2 ANOVA.

| analyzed recognition accuracy (measured as nuofldgts out of 25 — number of false
alarms out of 25, for each word type) to determihether there was an overall memory boost for
words studied with faces as compared to rectangjleesre was a main effect of Context, with higher
accuracy for the words studied with faces tharttferwords studied with rectangles(1; 28) = 4.99,
MSE = .01. The effect of Age group was also signific&(1, 28) = 10.79, MSE .21, with younger
adults showing higher recognition accuracy thamoitiults. These effects were accompanied by a
marginally significant Context x Age group inteiaat F(1, 28) = 3.91, MSE .10, p< .06. Planned
comparisons showed that memory accuracy was hfgharords studied with faces than words
studied with rectangles in the younger adul{d4) = 3.27, but that this was not true in thesold

adults,_t(14) = 0.17. Analysis of d’ also showed a maireetffof context, K1, 28) = 5.95, MSE .17,
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a main effect of Age group, @, 28) = 14.75, MSE 7.10, and a trend towards a significant Context
x Age Group interaction, i, 28) = 3.21, MSE .09, p< .10. As in the analysis of overall memory
performance, planned comparisons showed that dhiggeer for words studied with faces than
words studied with rectangles in the younger adu(ts4) = 3.53, but that this was not true in the
older adults, {14) = 0.40.

| then analyzed accuracy of Remember (humber sécbRemember responses out of 25 —
number of false Remember responses out of 25afdr word type) and Know (number of correct
Know responses out of 25 — number of false Knowaases out of 25, for each word type)
responses in two separate 2 (Context) x 2 (Age@mmB (Study-Test Cycle) x 3 (List order)
ANOVAs. Since the latter two variables again praetloon-significant main effects and interactions,
data were collapsed across these variables angzadah a 2 x 2 ANOVA. For Remember
responses, there was a main effect of Context, higther accuracy for words studied with faces than
words studied with rectangles(E, 28) = 9.18, MSE .05 (see Figure 5). The main effect of Age
group was not significant, @, 28) = 2.46. Importantly, there was a signific&ontext x Age group
interaction, H1, 28) = 8.98, MSE .05. Planned comparisons showed that youngdtsdthd higher
Remember accuracy for words studied with faceagared to words studied with rectangles, t
(14) = 3.57, but that Remember accuracy did not wath Context in the older adults(14) = 0.32.
Retrospective power analysis showed that, for es&émof recollection in older adults=d01, and
that with a power estimate of .80, | would needuto 106,003 older adults to obtain a significant

effect of context on recollection.
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Table 2.

Experiment 5. Mean Memory Performance and Respbimse in Milliseconds for Words studied

with Faces (Face) Versus Rectangles (Rectangl®)pumger and Older Adults.

Rectangle
Measure Younger Adults  Older Adults Younger Adults  Older Adults
Overall Hit Rate .80 (.14) .70 (.15) .70 (.16) .70 (.14)
Overall FA Rate .15 (.11) .24 (.15) 15 (.11) .|
Remember Hit Rate .52 (.23) 41 (.20) .40 (.20) (.22)
Remember FA Rate .02 (.02) .07 (.08) .02 (.02) .07 (.08)
Know Hit Rate .27 (.19) .29 (.21) .24 (.19) .29 (.20)
Know FA Rate .13 (.10) 17 (11) 13 (.10) 17 (11)
IRK Familiarity 24 (.22) .14 (.25) .33 (.17) 14 (.21)
d’ 2.11 (.55) 1.35 (.51) 1.92 (.52) 1.32 (.44)
RT Remember 1161 (166) 1650 (403) 1250 (207) 1656 (456)
Responses
RT Know 1600 (429) 2013 (540) 1578 (390) 2003 (647)
Responses

Note: FA = false alarm; IRK Familiarity was calculatesila= K / (1-R); RT = response time in

milliseconds; Standard deviation shown in parerghes

For Know responses, there was no effect of Conkeft, 28) = 3.68 or Age group #, 28)

=1.24, and no interaction, (&, 28) = 3.53. | also calculated IRK familiarignd again found no

main effect of Context, FL, 28) = 2.61, or Age group, (&, 28) = 3.68, and no interaction(F, 28) =

2.56. Retrospective power analyses were perfoond®K familiarity separately for both younger
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and older adults. They showed that dL9 for younger and .01 for older adults andhwai power
estimate of .80, | would need to run 220 younger H5,235 older participants to obtain a significant
effect of context.

Although RT was not emphasized at retrieval, | exaohthese data in two separate 2
(Context) x 2 (Age group) ANOVAs for correct Remeenland Know responses. There was no effect
of Context, nor did it interact with Age group feither Remember or Know responses. There was,
however, a main effect of Age group for both RemembB (1, 28) = 14.30, MSE 2997859.18, and

Know, F(1, 28) = 5.23, MSE 2543973.99, responses, with slower responsklar adults.

BE [ ] Know Responses

0.7 | Il Remember Responses

0.6
0.5 -
0.4 -
0.3 1
0.2
0.1
0 .

Face Rectangle Face Rectangle

Recognition Accuracy
(Hit Rate — False Alarm Rate)

Younger Adults Older Adults

Figure 5. Mean recognition accuracy in Experiment 5, for words presented together with
pictures of faces (Face) or with a rectangle (Rectangle) during study, in younger and older
adults. Grey bars show Know accuracy and black bars show Remember accuracy, measured as
hit rate - false alarm rate. Error bars show the standard error of the mean.
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| also examined whether there was a correlatiowdret RT on the identification task
performed at encoding and later recollective menparformance, though, due to the small number
of participants in each age group in this experimine data should be interpreted with caution. The
correlations with face and rectangle RT were ngmificant in younger adults & .15 and .30,
respectively). In older adults, a significant ctat®n was found such that as RT to identify the
stimulus at encoding as a face increased, so @idrecollection of words initially paired with fas
(r =.64). This similar correlation, with the rectéglentification RT and later recollection, wadyon
marginally significant (= .49, p< .08).

Discussion

This experiment examined whether providing medaningpntext information during study of
words improves later recollection of the words wiessented alone at retrieval, and how age
interacts with this effect. Younger adults showettdr memory for words that were studied with
pictures of faces (high meaningful context conditithan for words studied with rectangles (low
meaningful context condition), and this effect wpscific to Remember responses during later
retrieval. This result shows that younger adulésraore likely to recollect items that are presented
with context information high in meaningful contetstudy. In contrast, older adults did not show
an overall memory or recollection benefit for wondigially encoded with faces compared to
rectangles.

It could be suggested that the older adults didshotv a recollection benefit in the high
meaningful context, as compared to the low meanirgintext, condition because they spent more
time processing the face than rectangle stimuindustudy. If more attention was given to the face
than rectangle stimuli at study, memory for the dgostudied with faces would suffer. By this
explanation, older adults were unable to benditnfthe high meaningful context condition because

they were distracted by the complex (face) stirduling study. Although there is evidence that older
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adults are more likely to process task irrelevéimidi (Lustig, Hasher, & Tonev, 2006), this doext n
appear to have been a factor in my experiment. Mg dhow no age differences in accuracy or RT
on the identification task (face/rectangle clasatiion) performed during encoding. As well, theyonl
significant correlation was between RT to clasaifiace during encoding and later recollection, in
older adults only. This positive correlation is imothe direction to support the hypothesis that th
face stimuli held the attention of older adults] &ims produced lower subsequent recollection ef th
words paired with faces. Instead, longer RTs tegifg face stimuli during encoding were associated
with a higher, rather than a lower, proportion cf@ate Remember responses. Although |
acknowledge that response time was not emphasizéeé identification task, this finding suggests
that older adults’ recollection benefits, ratharttsuffers, when additional processing time is teolo
to the picture (face) stimuli. It is possible thfzis correlation represents the successful bindfng
face-word pairs during encoding in the older adubup, though this explanation is speculative.
Experiment 5 replicates, conceptually, the datauaf et al. (2007), showing that provision of
context at study can improve later recollective mgnprocesses in younger, but not older, adults.
Neither their experiment, nor this one, howeveeciies the cognitive processes that are defigrent
older adults, or examines whether there are wags@fcoming this age-related deficit. As outlined
in the Introduction, | hypothesized that contefbimation high in meaningful content allows
younger adult participants to engage in contrafiedoding processes that promote the binding of
item and context information into a distinctive&lttd memaory trace. Younger participants, unlike
old, may be more likely to elaborate a link, oraasociation, between faces and words, which
promotes the binding of item-context informatiooc@unting for the boost in recollection. Support
for this hypothesis comes from work showing thabetative processing exclusively boosts
Remember, and not Know, responses in younger a@idisliner et al., 1996). In addition, the post-

experiment questioning from Experiment 2, repoiteithe General Discussion of Chapter 2, suggests
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that younger adult participants were developingesoor making subjective judgments to link the
word to the face during study to improve their fateemory performance.

This may explain why older adults did not show armagy boost when the face contexts were
provided during study: They did not engage in efation of the face-word pairings, making binding
of the context-word pairing less likely, and pretiregp subsequent recollection responses. Such a
claim is in line with previous work showing thatlet adults do not voluntarily engage in elaborative
processing during study (Craik & McDowd, 1987)alidition, to my surprise, the older adults
appeared to perform the identification task atysfiagter than younger adults, although this
difference did not reach significance. Given tiat dopposite effect would be predicted, as research
shows a slowing in processing speed with age (@adly 1996), this may show that younger and
older adults approached the tasks with differematsgies. For example, older adults may have made
the identification task as soon as possible so tbeld focus attention on the study word, whereas
the younger adults, who used the face contextmpoave subsequent recollection, may have been
more likely to spread attention across the itentexrpairs throughout the study task.

If differences in the ability to elaborate a lingtlveen item and context information at
encoding are the source of the age-related dédigitd in Experiment 5, providing specific
instructions to engage in such processing maytioedieviate this deficit. My hypothesis is
supported by other research showing that recadieds higher in older adults when instructions
provided at study encourage deep, elaborative psoug as compared to shallow (Perfect et al.,

1995; Pierce, Sullivan, Schacter, & Budson, 2005h&ntional (Lévdén et al., 2002) encoding.

3.3 Experiment 6

In Experiment 6, | examined whether providing esiplinstructions on how to encode the
context presented during the study phase affeated lecollection of words. In so doing, | aimed to

determine a) what types of cognitive operationsegeired to promote recollection, and b) whether
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age deficits in the use of context information tm$t subsequent recollection can be alleviated by
providing explicit instructions to engage in eladtore processes at encoding.

In this experiment, another group of younger ami@ioadults studied words that were paired
with pictures of faces in two different study sessi In each session, a different type of encoding
instruction was given. In one, participants welleedso identify the gender of the face (surface
feature condition). In the other, participants wasked to state whether the word ‘matched’ the face
(binding feature condition). Participants were givxamples of what might constitute a ‘match’ or a
‘mismatch’ response (for example, participants mathte match if the word ‘juice’ was below a face
that looked as though it would enjoy drinking juame'mismatch’ if the word ‘frantic’ appeared
below a face with a calm expression) and werettwtitheir responses were purely subjective. These
instructions were chosen because, whereas thengifiglaiture condition encourages participants to
develop a link or an association between the comatec item information, the surface feature
condition does not require such processing. Ppaits then made Remember, Know, or New
decisions on the words presented alone, as in Ewpst 5. If the ability to use rich contextual
information to boost subsequent recollection depamdthe extent to which a link or an association i
developed between the item and context informateepllection of words studied with faces should
be higher in the binding feature condition thathia surface feature condition. As well, if a
difference in the ability to elaborate a link beemdtem and context information at encoding is the
source of the age-related deficit in recollectiofEkperiment 5, providing specific instructions to
engage in such processing may help to alleviaseddficit in older adults. Thus, | expected that
Remember accuracy would be higher in both youngeércéder adults for words studied with faces in
the binding condition than in the surface featmsdriction condition.

Method

73



ParticipantsThirty-two people, naive to the experiment, pgutted. Sixteen healthy
undergraduate students from the University of Wadbereceived course credit and 16 older adults
recruited from the Waterloo Research in Aging RBORAP) at the University of Waterloo received
token monetary remuneration for participating ie study. The mean age was 21 (SI.71, range =
18-24) for the younger adults and 73 (S[3.24, range = 69-80) for the older adults. Alttfipants
were fluent English speakers, and had normal oected-to-normal hearing and vision. The mean
numbers of years of education were 14.69 £€SD35) and 14.94 (SB 1.48) for the younger and
older adult groups respectively, which did notdif§ignificantly. FSIQ was also determined by
administering the NART-R. Younger and older adblid mean FSIQ estimates of 107.50 €D
8.55) and 120.07 (SB 5.23) respectively, which differed significanttyf(30) = 5.02, p< .001. Older
adults were also administered the MMSE to screegrfiss neurological conditions, and all had
MMSE scores of greater than 27/30 8v28.87, SD= 0.72), indicating that they were free from
major cognitive and neurological impairments.

Materials.Word stimuli for the memory tasks were drawn fribia same pool used for
Experiment 5. For each of the two study-test cydhes study list consisted of 45 words paired with
pictures of faces. A corresponding list was crefbedise in the subsequent recognition test,
consisting of the 45 studied words plus 45 lurdge Word lists were counterbalanced such that each
word list was studied with each of the instructbmmditions across participants. The word lists were
equated on letter length (M6.28) and word frequency (M17.64 occurrences per million; Baayen
et al., 1999). An additional 36 words were usethétwo practice sessions.

Face stimuli were chosen from the same databa&skfos Experiment 1. Ninety faces with
neutral expressions, 50 male and 40 female, wearserh) and randomly assigned to the 45 words
from each study list (balancing for gender), withaalditional 18 faces chosen to be used in the

practice sessions.

74



ProcedureThe procedure was similar to Experiment 5. Pauagiats first performed the
NART-R and older adults were also administeredMIMSE. Participants then completed the first
practice block and study-test session 1, followed Becond practice block and study-test session 2,
with the order of study instructions counterbalahaeross participants (Order factor). For eactnef t
practice blocks, participants saw 9 face-word pairsandom order, using the same timings and
procedure as in the experimental trials (descrii@dw). Subsequently, remember-know test
response instructions were given (as in Experiragrand for each practice block, 18 recognition
trials consisting of the 9 study words and 9 newdsppresented in random order, were presented.

For each study phase, a trial began with a piaifieeface appearing above a word stimulus
(same display, positions, viewing angles, and &snin Experiment 5) for 3000 ms, after which both
the picture and the word disappeared, followed B@@&ms fixation cross presented centrally.
Participants were asked to memorize the wordsrfarpgcoming memory test. In addition,
participants were instructed to make a decisioramh face by making a button press. In the surface
feature condition, participants were asked to ifiemthether the face was male or female. In the
binding feature condition, participants were askestate whether the face ‘matched’ the word. They
were given examples of what a yes or no answerlradfor example, a face paired with the word
‘juice’ may or may not match the face if the persmoked like they did or did not enjoy drinking
juice). All participants were told that their resises were subjective, that there were no right or
wrong answers, and that they could respond anyiitién the 3500 ms of each trial. In order to
ensure that participants understood the instrustitirey were asked to give an example of a response
after the practice phase. The instruction conditimere counterbalanced across participants, such
that half of the participants performed the surfleature, and half the binding feature, conditiost f

After each study phase, participants counted badswby threes for 30 seconds. During

each test phase, the 45 study words and 45 lurgsweere presented alone in a randomized order,
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with the same presentation rate and display axjpefiment 5. Participants were asked to make a
manual Remember, Know, or New key press respomrstciPants were given a short break
(approximately 2 minutes) between the two studygsles.
Results

All analyses were evaluated at the @5 level unless otherwise noted.

Study task performanc®lean accuracy (measured as hit rate — false at#eh on the

surface feature study task for the younger andr@delts was .98 (SB .03) and .98 (SB& .03)
respectively, and did not differ between age grot(®0) = 0.67. The mean proportion of faces that
were deemed to ‘match’ the word in the binding deatstudy task in the younger and older adults
was .41 (SD=.23) and .40 (SB .15) respectively, which also did not differdween groups, (30) =
0.18. As in Experiment 5, although speed of respmndad not been emphasized during the
encoding task, | nonetheless examined these data ifinstruction: feature or binding) x 2 (Age
group) ANOVA. The mean RT in milliseconds in younged older adults was 1175 ms (S[325)
and 1364 ms (SB 315) for the surface feature condition, and 15186/SD= 350) and 1969 ms (SD
= 236) for the binding feature condition, respeaijv The analysis showed a main effect of
Instruction,_ K1, 30) = 78.61, MSE 405385.03, with longer RTs in the binding tharthie surface
feature condition, and a main effect of GrouglF30) = 9.71, MSE 1357429.88, with longer RTs
in the older than younger adults. The interacti@s wot significant, 1, 30) = 3.23.

Memory task performanc@&able 3 shows the means for each memory measurdition,

and age group. In keeping with the previous expemisy overall memory performance was analyzed
using hit rate minus false alarm rate as the degp@ndeasure, as well as d’, although false alaten ra
now differed between the two conditions. Data vaeralyzed in a 2 (Instruction) x 2 (Age group) x 2

(Order) ANOVA, with the first variable within antié latter two variables between participants.
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| analyzed recognition accuracy (measured astataut of 45 — false alarm rate out of 45) to
determine whether the binding feature instructiaprioved overall memory for words as compared
to the surface feature instruction. There was anrafiect of Instruction, with higher accuracy foet
words studied under the binding feature than tifase feature instruction, @, 28) = 41.25, MSE
.31. There was no effect of Age group(1F-28) = 2.09. There was, however, an Instructidge
group interaction, F1, 28) = 5.48, MSE .04, and planned comparisons showed that memory
accuracy was higher for words studied under thdibinthan surface feature condition in both age
groups (younger adult,(15) = 6.03, older adults(15) = 2.11), although the size of the difference
between these two conditions was larger in youadaitts. | calculated a difference score such that
memory accuracy in the surface condition was satadafrom the binding condition. The mean score
was .19 (SD =.13) in younger and .09 (SD = .19)lier adults, which differed significantly, t (30)
= 2.09. Analysis of d’ showed a similar patterrresgults.

The ANOVA also showed an Instruction x Order intdian, F(1, 28) = 9.02, MSE .07.
Post-hoc comparisons showed that participantstimfask order 1 (surface feature followed by
binding feature instruction condition) and taskesrd (binding feature followed by surface feature
instruction condition) showed higher memory accyriache binding than surface feature condition, t
(30) = 6.02, and (30) = 2.41, respectively, although a calculatbudifference scores (as above)
showed that the effect was larger for those in tadker 1. The mean difference score was .21£SD
.14) for participants in task order 1 and .07 (S[12) for participants in task order 2, whichfeliéd
significantly, t(30) = 2.90. There was no Order x Age group, strirction x Order x Age group
interaction. A similar pattern of results was fowdden d’ was analyzed.

| then analyzed accuracy of Remember (Remembeatiit- Remember false alarm rate) and
Know (Know hit rate — Know false alarm rate) respemin two separate 2 (Instruction) x 2 (Age

group) x 2 (Order) ANOVAs. For Remember responege was a main effect of Instruction, with
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higher Remember accuracy for words studied unaebitiding feature than surface feature
instructions, K1, 28) = 21.47, MSE .40 (see Figure 6). There was no effect of Ageig, F(1, 28)

= 0.76 and no Instruction x Age group interactieiril, 28) = 1.40.
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Table 3
Experiment 6. Mean Memory Performance and Respbimse in Milliseconds for Words Studied
Under Binding Processing Instructions Versus Serfegature Processing Instructions, in Younger

and Older Adults.

Binding ediure
Measur: Younger Adult Older Adulte Younger Adult: Older Adulte
Overall Hit Rate .82 (.15) 76 (.12) 67 (.14) 71 (.14)
Overall FA Rate .12 (.09) .19 ((114) .16 (.12) sy |
Remember Hit Rate .64 (.22) .61 (.17) 44 (.19) 51 (.14)
Remember FA Rate .04 (.05) .10 (.07) .06 (.09) (-09)
Know Hit Rate .19 (.17) 15 (.13) .23 (.15) .20 (.13)
Know FA Rate .09 (.07) .09 (.14) 11 (.12) .12}.09
IRK Familiarity 22 (.33) 11 (.28) 17 (.23) 12 (.25)
d 2.36 (.92) 1.80 (.68) 1.63 (.60) 1.57 (.72)
RT Remember 1333 (303) 1474 (424) 1342 (289) 1389 (332)
Responses
RT 2169 (498) 2147 (665) 2044 (491) 2233 (579)

Know Responses

Note: FA = false alarm; IRK Familiarity was calculatesile= K / (1-R); RT = response time in

milliseconds; Standard deviations shown in paresgbe

The analysis for Remember accuracy also showegh#isant Instruction x Order

interaction, H1, 28) = 10.23, MSE .19, and post-hoc comparisons showed that ajththere was
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a significant effect of instruction in task ordefslirface feature followed by binding feature
instruction condition), {15) = 4.85, this was not true for task orderiadmg feature followed by
surface feature instruction condition)16) = 1.15. There was no Order x Age grou)pl,F28) =
0.76, or Instruction x Order x Age group interaoti& (1, 28) = 0.07.

The analysis for Know responses showed no effelritstfuction, H1, 28) = 0.54, Age
group,_F(1, 28) = 0.73, and no interactions. A similart@at was found when | calculated IRK
familiarity. Retrospective power analyses were @ened on IRK familiarity separately in both
younger and older adults. They showed that. 80 for younger and .04 for older adults andhai
power estimate of .80, | would need to run 1,90dnger and 5,950 older participants to obtain a

significant effect of context.
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Figure 6. Mean recognition accuracy in Experiment 6, for words studied with faces under
surface feature processing instructions (Surface) or binding feature processing
instructions (Binding) in younger and older adults. Grey bars show Know accuracy and
black bars show Remember accuracy, measured as hit rate - false alarm rate. Error bars
show the standard error of the mean.
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| again analyzed RT at retrieval for correct Remenamnd Know responsesina2x 2 x 2
ANOVA, although RT was not emphasized. For Remembgponses, there was no effect of
Instruction, K1, 21) = .02, but there was a main effect of ggeup, F(1, 21) = 5.09, MSE
=607140.17, with responses slower in the oldertadah younger adult group. There was also a
main effect of Order, 1, 21) = 7.05, MSE 841092.27, with slower response times in padicts
in task order 1 than task order 2. None of theamttons were significant. The analysis for RT to
Know responses did not show a main effect of Iresilbn, Age group, or Order, and there were no
significant interactions.

Discussion

This experiment examined whether providing explitstructions on how to encode context
information during the study phase affected lageptection of words, and whether age deficits in
the use of highly meaningful context informatiorbtmst subsequent recollection, found in
Experiment 5, could be alleviated by providing édplnstructions to engage in elaborative
processes at encoding. Both age groups showed age in overall memory in the binding relative
to the surface feature condition, and this beneds larger in the younger group. Critically,
recollection increased when encoding instructiorearaged the binding of item and context
information, and most importantly, this boost isakection occurred in both younger and older
adults. Thus, unlike in Experiment 5, older adntisv showed a boost in recollection from a high
meaningful context encoding condition.

| did find a task order interaction, however, stltdt participants who performed the binding
feature condition first, then the surface featuwedition, showed a smaller change in overall memory
accuracy and Remember accuracy between the twadtish conditions. The finding suggests that
once participants begin to use binding featuregssing operations, it is difficult to switch todes

elaborative surface feature operations. This figdénsimilar to that obtained in studies where
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participants are taught to use imagery or verbaliaters to link word pairs, which demonstrate that
participants abandon ineffective rote rehearsatesies as they adopt more effective imaginal and
verbal mediation strategies (Paivio & Yuille, 196@)portantly, the task order effect was found in
both younger and older adults, suggesting that @delts continued to benefit from the provision of
binding feature instructions across tests. Thigests that, once given the opportunity to engage in
cognitive operations that encourage the bindinigfofmation, older adults (as well as young) will

continue to do so, even when the task instructitmnsot explicitly require binding.

3.4 General Discussion of Chapter 3 Experiments

| examined whether providing a context high in nmiegful content during study altered the
quality of subsequent memory for words, using aamiver-know paradigm. | was specifically
interested in whether the level of meaning in thietext information present at study affected
recollection and familiarity-based memory, and weethormal aging interacted with these effects. In
addition, | examined how providing instructionstmw to process the context at study altered later
recollection in younger and older adults. In Expemit 5, | found that younger, but not older, adults
showed a recollection benefit when context higmaaningful content was provided at study. In
Experiment 6, | found that this recollection behdépended on the type of instructions given during
encoding. Specifically, recollection was higher wiparticipants were instructed to develop links or
associations between the word and context infoonatt encoding. Importantly, this was found in
both younger and older adults, indicating that oltults can use context provided at study to
improve later recollection, although they do notsdespontaneously. These results are discussed in
turn.

Experiment 5 showed that younger adults had higherall memory for words studied with
pictures of faces relative to words studied witttaegles, and that this effect was specific to word

that were given Remember responses. The findingdstrates that recollective memory benefits
82



when context high in meaningful content is provié¢gtudy. Older adults, however, did not show a
recollection benefit when context information highmeaningful content was provided at study,
suggesting that whereas younger adults spontanegsesicontexts that are rich in meaning to boost
subsequent recollection of target items, oldertadid not.

This work both supports and extends the findirfdsuo et al. (2007), who showed that
recollective processes benefit when context isigeml/at study, but only in younger adults. The olde
adults in my sample were high-functioning, as iatid by their higher FSIQ estimate relative to
younger adults, yet still showed relative defigitsecollection when highly meaningful context was
provided during encoding. This suggests that thellection deficit in normal aging cannot be due to
differences in general intellectual capacity acegs groups. Rather, the age difference in
recollection appears to be related to a specifcratated deficit that affects the encoding and/or
retrieval of rich contextual details.

Experiment 6 extended these findings by showingdfter adults’ recollection performance
can benefit from context provided at study undene@onditions. This was achieved by changing the
instructions given during encoding. In both ageugs) the binding feature condition led to an
increase in the proportion of Remember respondativweto the surface feature condition. This
finding suggests that recollection depends not batwontext is presented at study per se, buten th
cognitive operations performed on that contexthwigher recollection resulting from conditions
that promote associations between item and coimrtirmation. In addition, the results show that
older adults canse context provided at study to boost subseqeentlection, but that they do not
do so spontaneously. This further suggests that @ldults may be able to be trained to use context
information to improve their later recollection.line with this hypothesis, | found that the bentfi
recollection in the binding compared to surfacdueainstruction condition was lower when

participants performed the binding feature, rathan the surface feature, instruction first.
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This suggests that once participants began toruséahorative encoding strategy, they
continued to use that strategy. Importantly, thésfiound in both younger and older adults,
indicating that once older adults were taught ab@iative strategy, they continued to use this
strategy of their own volition. This finding is lime with previous work showing that repetition-lag
training programs can reduce recollection failuneslder adults, and that such gains transfer herot
tasks (Jennings, Webster, Kleykamp, &Dagenbachb @& well, Bissig and Lustig (2007) recently
showed that the usefulness of such training is @ on the degree of elaborative encoding
performed during study. Training older adults teelep associations between item and context
information at encoding may thus improve memorygrerance and recollection in particular. Future
research should examine whether training oldertadiluse binding or linking strategies at encoding
can improve recollection performance on differasks, and whether older adults can apply that
strategy to novel tasks and environments.

Although | did find that instructions encouragitng tassociation of item-context pairs
boosted subsequent recollection in both youngeroddet adults, it should be noted that the
manipulation did not eliminate age differencesdaallection. As shown in Table 3, the binding
feature instruction condition showed an age diffeesin Remember accuracy of approximately .10
(compared to an age difference of .17 in the higlammngful context (face) condition in Experiment
5; see Table 2). This suggests that although lakésto boost recollection in older adults by
providing instructions that developed associatioetsveen item and context, | was not able to
eliminate the associative deficit altogether. Régerk by Naveh-Benjamin, Brav, and Levy (2007)
also suggests that instructional manipulationsadk@viate, but not eliminate, age-related binding
deficits. They examined whether instructional matdtions reduced the age-related associative
deficit by having younger and older adults studydvaairs under intentional encoding conditions,

elaborative instructions at encoding, or elabogatistructions at encoding and at test. Although th
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associative deficit was reduced when participamievencouraged to use a verbal associating
strategy at encoding, the deficit was not elimidateless the verbal strategy was used at both
encoding and retrieval. These results suggesbttat adults may show even greater benefits in
recollection performance if they are encourageeitustate the cognitive operations used at study to
bind item and context information when they ar@eeing item information, although future work is
needed to test this hypothesis.

Although the current study focused on age-relatditits in the encoding of context
information, the recent work by Naveh-Benjaminle{2007) suggests that the locus of the
associative deficit is not solely at encoding, inublves retrieval as well. This claim stems from
work showing that the successful retrieval of infation often involves the deliberate use of
controlled processes, such as the initiation anpdmentation of search strategies or complex
decision making (Glisky et al., 2001; MoscovitcB94). In line with this, Glisky et al. (2001)
suggested that active retrieval processes mayttielarly required when source information is
poorly encoded, such as when older adults are ggduio instructional support at study. These
studies suggest that age-related deficits in speotas use of context information to boost item
recollection are likely related to reduced useaftmlled processes at both encoding (i.e.,
elaboration) and retrieval (i.e., initiation of aretovery of source information).

There has been recent interest in determining veheth age-related reduction in attentional
resources (Craik, 1986) is the mediating factdhefassociative deficit observed by Naveh-Benjamin
and colleagues (2000). Naveh-Benjamin, Guez, anth&m (2004) had younger adults under full-
attention, younger adults under divided-attentand older adults under full attention study word
pairs and perform subsequent item and associaoagnition tests. They found that younger adults
under divided attention had lower item and assiveiahemory as compared to younger adults under

full attention, whereas older adults showed onlassociative deficit. This finding argues agaihst t
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hypothesis that the associative deficit is mediatedeductions in attentional resources with age.
Castel and Craik (2003) found similar results hiatf whereas younger adults under divided attention
showed a decrease in hit rate, older adults shawadcrease in false alarm rate on an associative
recognition test (indicative of an associative ciéfi However, Castel and Craik also showed that
both divided attention and aging had greater effentassociative than item tests. They argue that
this finding demonstrates that the associativecité$ not unique to aging.

An interesting extension to the work presented hereld be to compare memory
performance for words studied with meaningful canieformation in older adults and younger
adults under divided attention. If older adultd faishow recollection benefits when meaningful
context is provided at study because a reducti@tt@ntional resources impairs their ability to
engage in elaborative processes at study, younlggisainder divided attention should show similar
performance on this task as older adults undegftéihtion conditions (i.e., similar memory
performance when context information high and lownieaningful content is provided at study).
However, if older adults fail to use study contexbenefit recollection because of an associative
deficit that is in addition to a reduction in atfienal resources, older adults should show defaits
the task above that of the younger adults undedeiivattention conditions (i.e., divided attention
conditions at study in younger adults participamtsnot eliminate recollection benefits when
context information high in meaningful content ieyided at study).

My findings contribute to recent interest in detarimg when older adults can (and cannot)
use contextual information to improve their mempeyformance. My results showed that both
younger and older adults can use context informatidoenefit subsequent recollection, but older
adults do not spontaneously engage in these pexedther work suggests there may be some
situations in which older adults can spontaneousk/contextual information to improve memory

performance as well as younger adults. For exaraglke differences in source memory are eliminated
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when the context is affective in nature (RahhalyMaHasher, 2002). More recently, May, Rahhal,
Berry, and Leighton (2005) reported an age-reldtditit when participants were asked to recall the
perceptual (colour) or non-emotional conceptuahitletluxury or economy) associated with a car at
study, but there were no age deficits when askeeldall emotional details (safe or dangerous} It i
therefore possible that older adults could sportiasig use affective contexts to increase later
recollection, although further work is needed ttedmine whether this is true.

In summary, Experiment 5 showed that younger, btibider, adults showed a recollection
benefit when a context high in meaningful conteaswwprovided at study. Experiment 6 showed that
recollection was higher when participants wererirged to develop links or associations between
the word and context information at encoding. Inigatly, this was found in both younger and older
adults, indicating that older adults can use cdritggh in meaningful content provided at study to

improve later recollection, although they do notsdspontaneously.

87



Chapter 4
Reactivation of Sensory-Specific Brain Regions duri ng the

Retrieval of Context Information

In this chapter, | examine how the provision ofteahinformation high in meaningful
content at study affects the brain regions usedtt@ve context information. The introduction begi
with a discussion of neuroimaging as a techniqustttdy memory processing and describes
functional imaging findings relating to item andisze memory retrieval. | then review findings from
functional neuroimaging that have provided insights the brain regions involved in recollection

and familiarity, followed by an overview of the cent study (Skinner et al., under review).

4.1 Functional Neuroimaging Findings of Memory Retr  ieval

Functional neuroimaging provides researchers tipempnity to examine the neural
substrates of memory in the healthy brain, whichlbed to major discoveries regarding the brain
regions involved in memory encoding and retrieVdhile many earlier neuoimaging studies of
memory used Positron Emission Tomography (PET)dmek designs (e.g., Kapur et al., 1994;
Schacter, Alpert, Savage, Rauch, & Alpert, 1996yifig, Kapur, Markowitsch, et al., 1994), more
recent studies have employed event-related furaitidiagnetic Resonance Imaging (fMRI). This
latter approach permits a more powerful examinadifomemory processes, as it allows researchers to
estimate the hemodynamic responses for a singlg[¥obbins & Davachi, 2006). This is
particularly important for memory research, in whibe experimenter cannot predict the type of
response (hit, false alarm, miss, correct rejeltioat the participant will make for each item.

While neuropsychological studies of amnesic p&tiptaced the focus of memory processing
on the medial temporal lobe (MTL), early PET expents of memory retrieval discovered

prominent activations in the frontal lobes. Forrapée, in an early PET study, Schacter et al. (1996)
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showed that right hippocampal activity was highbew participants retrieved words from a test list
in which there was a high level of recall, as coragdo a low level of recall, but that right anteri
prefrontal cortex (PFC) activity did not differ leten conditions. This work suggested that while the
medial temporal lobe sub-serves processes relatitige successful retrieval of the contents of
memory, the right PFC sub-serves more general psesaelating to retrieval. Indeed, comparisons
of encoding and retrieval tasks showed that therelatively greater activity in the left PFC dgin
the encoding of information and relatively greatetivity in the right PFC during the retrieval of
information, a finding later termed HERA for hentigpic encoding-retrieval asymmetry (Nyberg,
Cabeza, & Tulving, 1996: Tulving, Kapur, Craik, Mositch, & Houle, 1994). Since frontal lobe
patients were found to show subtle memory defaily on tasks that depend on strategic control
processes (Shimamura, Janowsky, & Squire, 1998¥inding that the right PFC was activated even
during simple recognition tasks was quite surpgsResearchers have subsequently developed
various theories regarding the role of the PF@®iaval, including the participation in the
establishment of retrieval mode (Lepage, Ghaffghé¥g, & Tulving, 2000; Tulving et al., 1994),
retrieval effort (Schacter et al., 1996), monitgremd verification processes (Cabeza, Locantore, &
Anderson, 2003; Henson, Shallice, & Dolan, 1998past-retrieval processing (Rugg, Fletcher,
Frith, Frackowiak, & Dolan, 1996). Although thesedrls posit different roles for the right PFC,
what is common is that this region is implicate@dmtrol processes relating to retrieval, rathanth
in recovering the content of memories. This redeahows that functional neuroimaging can provide
unique insights into the neural correlates of mgmetrieval.

Functional neuroimaging studies that have examaoetice memory retrieval can
additionally help determine the brain regions ineal in the retrieval of context information.
Interestingly, these studies suggest that theptefrontal cortex sub-serves processing relatirtgdo

retrieval of source information (Dobbins, Foleyh&cter, & Wagner, 2002; Nolde, Johnson, &
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D’Esposito, 1998). For example, Rugg, Fletcher, & famnd Dolan (1999) showed increased
activation in the left anterior and inferior coggwhen participants were required to judge which
orienting task participants performed on the itérstady, as compared to recognition memory. These
findings converge with others suggesting that soamdrol processes involved in memory retrieval
rely on the left PFC (Dobbins & Wagner, 2005; Noddel., 1998).

Additional research suggests that source retrienaal rely on the hippocampus. In one study
(Cansino, Maquet, Donlan, & Rugg, 2002), partictpanade natural/artificial judgments on common
objects presented visually in one of four quadreams at retrieval performed a recognition and
source memory test. Activation in the right hippogal formation was higher when participants gave
correct, as compared to incorrect, source mematyments. Dobbins, Rice, Wagner, and Schacter
(2003) additionally found that the hippocampus vezsuited when participants were required to
recover the encoding context at retrieval. Howegthrer studies have failed to show differential
activity in the hippocampus when source memoryeedt was compared to item memory retrieval
(Fan, Snodgrass, & Bilder, 2003). In a more restudy, Tendolkar et al. (2008) manipulated the
amount of source information retrieved. They showred hippocampal activation was related to
source retrieval generally (i.e., regardless ofaim®unt of source information retrieved) and that a
region of the posterior parahippocampus increasedtivation as the amount of contextual
information retrieved increased. These findinggyssgthat different regions of the medial temporal

lobe may be involved in indexing different aspeasftsource retrieval.

4.2 Brain Regions Involved in Recollection and Fami liarity

Insights into the brain regions involved in theimtal of context information can also be
gained by examining recollection and familiarityngsfMRI. In a review of 12 studies that used
event-related fMRI in conjunction with the ‘rememii@ow’, process dissociation procedure, or

receiver operator characteristic memory paradigmsshowed that recollection and familiarity can
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be differentiated in four brain regions: the frditdoes, the parietal lobes, the medial temporaét
and sensory-specific brain regions (Skinner & Fiedes, 2007). This was accomplished by
identifying Brodmann Areas that showed intermedéatd high levels of agreement (peak activation
found for that Brodmann Area in33% and 50% of the studies examined, respectivEhgs, while
activation was found in many brain regions, we vwadrke to specify the brain areas common to
recollection and familiarity processing across &sdin the frontal lobes, whereas both recollectio
and familiarity were found to activate the rightstdateral PFC, only recollection was associated
with activity in anterior and superior frontal bmaiegions, suggesting that recollection involves
additional control processes mediated by the ftdokee. Additional lesion work supports this
hypothesis, showing that patients with damageéaitiht inferior PFC show lower recollection
estimates relative to controls (Levine et al., 1998%ine, Freedman, Dawson, Black, & Stuss, 1999).
In the parietal lobes, both recollection and faanity were found to activate the precuneus, whereas
recollection activated an additional region of itferior parietal lobe. Vilberg and Rugg (2008) bav
additionally suggested that the inferior parietdd is preferentially involved in recollection. Bker
and Fernandes (2008) suggested that these fravtadaxietal regions are part of a retrieval network
and that the strength of connections between thiede regions may help differentiate recollection-
and familiarity-based memory retrieval.

With respect to the medial temporal lobes, mudtipburoimaging studies suggest that
recollection is associated with hippocampal aciivgtwhereas familiarity is associated with
deactivation in the surrounding medial temporaéldbor example, Montaldi et al. (2006) showed
bilateral hippocampal activation when scenes tleatwecollected were compared to scenes given
high confidence familiarity ratings, whereas adiwain the perirhinal cortex decreased as memory
confidence increased. A similar distinction betwéenhippocampus and rhinal cortex was found by

Daselaar, Fleck, Dobbins, Madden, and Cabeza (2006 dissociation is additionally supported by
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lesion work, demonstrating that whereas damagdeetdippocampus impairs recollection while
sparing familiarity, damage to the surrounding teraplobe impairs familiarity while sparing
recollection (Bowles et al., 2007; Yonelinas et 2002).

The final difference between recollection and faamify found in our review was in sensory-
specific brain regions. Sensory-specific reactomtiefers to the finding that some of the cortical
regions active during encoding are active agaiinduwetrieval, supporting neural models of memory
suggesting that remembering episodes of one'srmpastes the reinstatement of the representations
active during initial learning (Kahn, Davachi & Wy, 2004; Nyberg, Habib, Mcintosh, & Tulving,
2000; Nyberg et al., 2001; Owen, Milner, Petrideg&vans, 1996; Wheeler & Buckner, 2003;
Woodruff, Johnson, Uncapher, & Rugg, 2005). Fongpla, Nyberg et al. (2000) used PET to show
that the retrieval of words originally studied wibund information produced overlapping activation
in the auditory cortex with that produced whenwoed-sound pairs were encoded. Subsequently,
Wheeler and Buckner (2004) hypothesized thatiéf iecollection, and not familiarity, that involves
the subsequent retrieval of contextual detail, eabpllection should be associated with the
reactivation of sensory-specific brain regions dgia recognition test. In their study, participants
studied words with accompanying related pictures. (¢he word dog was presented visually along
with a picture of a dog), and on a later scannedgmition test using event-related fMRI, made
Remember, Know, or New responses to the words pied@lone. They found that activity in a
region of the left inferior temporal cortex, knowmbe activated during the perception of visual
information based on a previous experiment (Maec&tBuckner, 2002), was higher for Remember
than Know responses. This finding has subsequesthived support from Johnson and Rugg
(2007), who showed that activation during Rememé&icompared to Know, responses overlapped

the brain regions used to originally encode therimfation.
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In summary, past research suggests that recolteatid familiarity differ to the extent in
which they recruit frontal, parietal, medial-temglpand sensory-specific brain regions. In parécul
these data suggest that the retrieval of contéatrimation involves sensory-specific reactivatiam. |
the current study, | build on these findings byraikang how the provision of context information
that differs in meaningful content at study affdeter recollection for item information. This
comparison can help identify the neural regiongleddo retrieve specific context information,
facilitating recollection, and can specificallytése hypothesis that sensory-specific reactivaton

characteristic of recollection.

4.3 Overview of Chapter 4 Experiment

This chapter consists of an event-related fMRI e@rpent. | examined the neural correlates of
recollection by investigating how meaningful visgahtext information present during encoding of
target words influenced later recollection for wards presented alone at retrieval. To accomplish
this, | compared brain activation for Remember oesps given to words studied with and without
meaningful context information. Participants fipetrformed a localizer task, in which the fusiform
face area (FFA) was identified. Participants thtedised words presented with pictures of faces or
scrambled faces, and on a subsequent scanned itemo¢gst made ‘Remember’, ‘Know’, or ‘New’
responses to words presented alone. Behaviougadif/the 14 participants showed a higher
proportion of Remember responses to words studigdfaces than scrambled faces, and 6 did not.
Whole brain analysis showed that activation inftteform gyrus and hippocampus was higher, and a
region-of-interest analysis showed increased aativan the functionally-defined FFA, for
Remember responses given to words studied witls femmpared to scrambled faces. When
participants were divided into groups based on iehieal performance, this pattern was found only

in those participants who showed higher recollectar words studied with faces. A regression
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analysis additionally showed that activation in th&iform gyrus increased as the relative
recollection benefit for words studied with meatiihgface) compared to non-meaningful
(scrambled face) context information increasedsparticipants. Results suggest that context-
specific brain regions implicated during encoding i@cruited during retrieval, and that the degoee
which participants activate context-specific bragions during retrieval is related to a behavibura

benefit, in later recollection, for target inforrwat presented alone.

4.4 Experiment 7

The current study examined whether the brain regginaediating recollection vary with
encoding context. The previous experiments ofttiesis found that participants were better able to
integrate item and context information into cohesivemory traces, retrieved preferentially through
recollective memory processes, when the contegtrimition was high in meaningful content. This
suggests that when participants recollect itenrinédion encoded with meaningful context
information, they should reactivate the sensoryeigebrain regions used to originally process that
context information (as proposed by Wheeler & Bugrki2004).

In the current study, we used this paradigm to éxamhether the type of context information
presented at study affects the brain regions stuirggerecollection. Whereas previous work has
examined how sensory-specific reactivation of eimgpdontext differs for Remember and Know
responses, the current study compared activatiotwfo different types of Remember responses:
those given to items studied with visual contefbrimation either high or low in meaningful content.
Such a comparison can identify the neural regi@esiad to retrieve specific context information,
facilitating recollection. In addition, because therent study used faces as the context informatio
which consistently activates the fusiform gyrustatally, known as the fusiform face area (FFA;
Kanwisher, McDermott, & Chun, 1997; O'Craven & Kasher, 2000), | could define, a priori, the

specific region of the brain that should be reattd during recollection.
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The current study was conducted in two phaseshésel, a localizer task was used to identify
the FFA in each participant, using a block desigmidentify the FFA, activation during the viewing
of faces was compared to that from the viewingafdes, as this contrast has been shown to isolate
the FFA in other work (Yovel & Kanwisher, 2004). phase Il, participants studied words presented
visually, accompanied by pictures of faces or pesflof scrambled faces on each trial (which was not
scanned). Thus, | changed the meaning of the coinfexmation presented with the study word,
while keeping the basic visual features (luminagumoe contrast) of the context constant, as in
Experiments 1-2. The subsequent recognition testswanned using event-related fMRI, in which
the participants gave a Remember, Know, or Neworespto words presented alone.

To examine the neural regions recruited duringlection of these different word types, |
contrasted activation for Remember responses givemrds studied with faces as compared to
words studied with scrambled faces. | hypothesihatithe brain regions used to retrieve words
studied with context information high (face) and/lscrambled face) in meaningful content would
differ. Specifically, if the face context is boutalthe target word, and retrieved through recalect
memory processes, activation in the FFA during wemmbllection should be higher for words studied
with faces than with scrambled faces.

| was additionally interested in whether activatiothe fusiform gyrus was related to
behavioural performance on the recognition memask.tl have hypothesized that when meaningful
context information is provided at study, particitmengage in elaborative processes that bind the
item and context information in memory, improvingsequent recollection. Participants likely differ
in their tendency to engage in such item-contextlinig at encoding, influencing subsequent
recollection. It is thus possible that sensory-#jgeeactivation is related to the extent to which
participants engage in the successful binding,saiidequent retrieval of, the word-face pairs. |

hypothesized that activation in the fusiform gyweuld increase as the relative difference in
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recollection accuracy between words studied withdnfaces compared to scrambled faces
increased. This would provide evidence that senspegific reactivation is related to recollection
accuracy.
Method

Participants

Fifteen normal healthy participants (8 female;fi-fended), from 19 to 29 years of age
(mean age = 23.13, SB2.97), with a mean of 16.67 (SD1.84) years of education completed the
study after giving informed consent. All proceduvesre approved by the ethics committee at the
University of Waterloo and a joint ethics committdehe University of Toronto and Baycrest Centre
for Geriatric Care. All participants spoke Englfakently and were free from psychiatric or
neurological disease.

Behavioural task materials

Face stimuli for the localizer task were taken fithva@ AR face database, which contains
black and white photographs showing the frontaié male and female faces (Martinez &
Benavente, 1998). House stimuli were 20 black ahidevpictures of houses (O’Craven, Downing, &
Kanwisher, 1999). The face and house stimuli weaitched for size (11 x 9 cm).

Two-hundred-twenty-five medium to high frequencyrdsowere chosen from Celex, a
lexical database available on CD-ROM (Baayen et18B5), for the three study-test cycles of the
memory task. For each cycle, the study list waspred of 50 words: 25 were paired with pictures
of faces (face trials) and 25 were paired withyries of scrambled faces (scrambled trials). For the
subsequent recognition test, a corresponding kst eveated, consisting of the 50 studied words plus
25 words not presented in the study phase (lutegprdingly, across all three study-test cycles, 75
words were paired with pictures of faces, 75 wlih picture of a scrambled face, and 75 served as

lures. Three different study-test list combinatiorese created such that each word was paired with
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either a picture of a face, a scrambled face, iMeskeas a lure across lists, counterbalanced across
participants. The order of presentation of the wistd for the three study-test cycles was also
counterbalanced across participants. All test listee equated on letter length @v6.31), and word
frequency (M- 18.27 occurrences per million; Baayen et al.,9)98n additional 30-item word list
was used in the practice session, with the sammactesistics as the words in the experimental
session.

Seventy-five faces with neutral expressions, 3&raad 37 female, were randomly chosen
from the AR face database to serve as the faceilsfion the memory task. The face stimuli were
randomly assigned to 25 words for each studythsts, all study words were paired with a unique
face. An additional 8 face stimuli were used inphactice session. The scrambled faces were created
in Matlab 7.06 software by randomizing the pixdishe 75 face images chosen from the database.
Thus, for each face stimulus, there was a correpgrscrambled image. This randomization altered
the spatial frequency, and meaningful contenthefitnages, while preserving luminance and
contrast.

Procedure

Stimulus presentation and response recording waTgatled by an IBM PC, using E-prime
v.1.1 software (Psychology Software Tools Inc.tdBiirgh, PA). Participants were tested
individually, and completed the experiment in apjor@tely two hours. The experiment began with a
practice session, outside of the scanner, congisfia block of the localizer and a block of the
memory task, using the same timings and proceduir the experimental trials. This was done to
ensure that all participants understood the expariat tasks before entering the scanner. Partitipan
first viewed 10 face and 10 house stimuli for thactice localizer task, followed by the practice
study session, in which 16 study trials (8 faceehand 8 scrambled-word) were presented visually,

in random order. Subsequently, ‘remember-know’ tesponse instructions were given and 15
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recognition trials consisting of 4 words studiedhifaces, 4 words studied with scrambled faces, and
7 new words, were presented in random order.

The instructions for the remember-know test werfobsws: Participants were told that they
would see some words that were from the studydisd, other words that were not. If they believed
the word was not from the study list, participantse instructed to respond ‘N’ for New by pressing
the ‘3’ key with their ring finger on a computenjad. If they thought the word was from the study
list, they had two options, ‘R’ or ‘K’. They wereltl to report ‘R’ for Remember by pressing the ‘1’
key with their index finger if the word was ‘oldhd they could recall specific details associathmf t
word with the study episode. They were given exaspf such details: They may remember an
image, thought, or feeling they had associated thighword during study, or the temporal order of
the words. These contextual details meant thathleya specific recollection of that word. If
however, they believed the word to be ‘old’ butytitd not recall a specific study detail associated
with the word, they were asked to report ‘K’ for &m by pressing the ‘2’ key with their middle
finger. To clarify the ‘K’ memory response, partiahts were also given the example of meeting
someone on the street that they knew they had efetdy but not being able to determine the specific
instance in which they had met them. Participareewhen asked if they understood the distinction
between ‘R’ and ‘K’ responses and, after the pcactiession, participants were asked to give the
details of the context accompanying an ‘R’ respdaghe experimenter, to ensure that they
understood the difference between ‘R’ and ‘K’, avete not responding simply on the basis of
response confidence.

Following practice, participants entered the searand the anatomical scan was obtained.
For the subsequent localizer task, a block desamuwged. Participants viewed 19 blocks of 20
images; 10 blocks contained images of faces atdckd contained images of houses, with blocks

presented in alternating sequence. The image rechain the screen for 400 ms followed by a
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fixation cross presented for 600 ms, making edgahdne second long. Participants were asked to
press a key with their index finger on a standaritidm box if they viewed the same image twice in a
row anytime within the one second trial (one-baxdkj.

Participants then completed 3 study-test cycles. Sthdy phase was not scanned. For each of
the 3 study phases, a trial began with a pictuefate or a scrambled face appearing for 1000 ms
centered in the upper half of the screen (screerdomates: X = 324, Y = 180). A word presented in
28 point bold Arial font then appeared directlydyelthe picture for 2000 ms (X = 324, Y = 379),
after which time both the picture and the word plzared, followed by a 500 ms fixation cross
presented centrally. In each of the three studgeheb0 trials were presented (25 face-word and 25
scrambled-word), with trial type randomized. Witleiach study phase, the 25 scrambled images were
the scrambled versions of the 25 face images piedémthe face trials. Participants were asked to
memorize the words for an upcoming memory testesure that participants encoded the context
(face or scrambled face) during study, participareee also asked to manually identify, for each
study trial, the picture presented with each ware@ither a face or a scrambled face by making a
button press using their index or middle fingeradoutton box. Participants used their dominant hand
to make their response. Each trial was 3500 merigth (timings noted above), and participants were
asked to make their classification response dutirsmgtime.

After each study phase, participants counted baalsuay threes for 30 seconds before
beginning the remember-know recognition test. Bt phase of each study-test cycle was scanned
using a fast event-related design. Each run caubsidt 75 words (25 studied with faces, 25 studied
with scrambled faces, and 25 lures) and 25 cefitigtion crosses presented in a pseudo-random
order. During each non-fixation trial, the word waesented in the centre of the screen in the same
font and size as at study. As described abovecimmts were asked to make a Remember, Know, or

New response by pressing one of three buttonsbuttan box with their dominant hand. The
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word/fixation cross remained on the screen for 4080followed by a central fixation cross for 250
ms; thus, for the fixation trials, the fixation smremained on the screen for 4250 ms. Participants
could make their response anytime within the 428Mmfreach recognition trial.

fMRI data acquisition

Visual displays were presented on a screen whiditipants viewed using a mirror attached
to the head coil. Headphones and foam pillows weegl to dampen scanner noise and minimize
head movement. Participants responded by presamgfahree buttons on a fORP bimanual 8-
button fiber optic response box positioned undeirttiominant hand, which rested on the scanner
bed (Current Designs Inc., Philadelphia, PA).

Data were acquired with a whole-body 3.0 Tesla [g&dnner (Siemens Tim Trio, Erlangen,
Germany) with a standard head coil. Axial anatofrircages were acquired using a 3-dimensional
T1-weighted fast spoiled gradient echo image (TB80ms; TE = 30ms; flip angle = 70 degrees;
acquisition matrix = 256 x 192; FOV = 256mm; 16@himages; slice thickness = 1mm). Functional
imaging was performed to measure brain activatipmbans of the blood oxygenation level-
dependent (BOLD) effect (Ogawa, Lee, Kay, & Tar®Q@). Functional scans for the localizer and
memory tasks were acquired with a single-shot T2fghted pulse sequence with echo planar
imaging (EPI) acquisition (TR = 2000ms; TE = 30fffig;angle = 70 degrees; effective acquisition
matrix = 64 x 64; FOV = 200mm; 28 slices; sliceckmniess = 5mm). One hundred and ninety five
time points were collected for the localizer scad 322 time points were collected for each rettieva
scan. Images were aligned to the plane of theiantamnd posterior commissure (AC-PC).

fMRI data analysis

Processing and analysis were performed using tladysis of Functional Neuroimages
(AFNI, version 2007_05_29 1644) software packagex(& Hyde, 1997). The first 5 data points in

all fMRI time series, corresponding to presentattba blank screen in the paradigm, were omitted
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from analysis to ensure magnetization had reacteedg state. For the event-related (memory
retrieval) runs, between-slice timing differencassed by slice acquisition order were adjusted and
time series were spatially co-registered to a egfee scan to correct for head motion using a 3D
Fourier transform interpolation, using a functiomalume that minimized the amount of head motion
to < 2 mm. One participant was removed from theabiglural and fMRI analysis due to excessive
head motion (> 3mm). Localizer and memory retrielath were then converted to units of percent
change and the memory retrieval runs were condatgnasing the 3dcalc and 3dTcat commands in
AFNI.

Individual participant data were analyzed using3tiBeconvolve program in AFNI. For the
Localizer data, General Linear Tests (GLTSs), usiriock response function, were used to
distinguish different regions of BOLD signal charfgethe FACE and HOUSE trials. The response
was modeled with one regressor, with the HOUSHstgarving as the baseline. For the memory
retrieval (event-related) runs, participant dataeasorted into the following response types: 1) REM
FACE: items studied with a face and correctly idferdt with a Remember response, 2) REM SCR:
items studied with a scrambled face and corredtyfified with a Remember response, 3) KNOW
FACE: items studied with a face and correctly idfeatt with a Know response, 4) KNOW SCR:
items studied with a scrambled face and corred#yfified with a Know response, and 5) FIX:
baseline fixation crosses. GLTs were used to cehthe selected memory responses to baseline
(FIX). New items given Remember and Know respof(fsse alarms), misses, and correct rejections
were also identified, but were not used in the . A tent function was used to model the data,
with the function estimated at 7 time points. Egaritinterest were time-locked to the stimulus tnse
Each participant’s data were extracted and transddrinto a common space based on the Talairach

and Tournoux (1988) atlas, and spatial smoothing geaformed using an isotropic Gaussian blur
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with a full width at half maximum (FWHM) of 6 mm facrease the signal-to-noise ratio. Original 3
X 3 X 5 mm voxels were resampled to 2 x 2 x 2 miorfio group analysis.

Both whole-brain (exploratory) and Region-of-Intréhypothesis-driven) analyses were
performed on the averaged group data. For the wivalie analysis, two voxel-wise, two-factor
ANOVAs, using FIX as baseline, with Response Typ&EE and SCR) as a fixed factor and
participants as a random factor, were conductetnapare activation for REM FACE to REM SCR,
and KNOW FACE to KNOW SCR responses. | used thaiffath atlas (Talairach & Tournoux,
1988) in AFNI and the automated Talairach Daeman{aster et al., 2000) to define Brodmann
Areas for the regions of activation identified b tanalyses.

For the Region-of-Interest (ROI) analysis, dataotsd from the localizer task were used to
define the fusiform face area (FFA). Thus, thislgsia uses a functional localizer, or fROI, apptoac
(as in Saxe, Brett & Kanwisher, 2006). The localidata were first analyzed using a voxel-by-voxel
t-test, using the activation during HOUSE trialsadsaseline, to distinguish the brain regions in
which percentage change in activation for FACHsneas significantly different than zero. These
maps were averaged across participants, and thev@BAlefined by identifying the 100 most
significant voxels active in either the left oriitgusiform gyrus using the 3dmerge program in AFNI
| then performed two repeated measure ANOVAs ord#tia. First | compared the mean activation in
the FFA for REM FACE and REM SCR responses, exadhftir each participant using the
3dROlstats program in AFNI. | then performed a Eméanalysis for KNOW FACE and KNOW
SCR responses.

A regression analysis was additionally performeitlémtify regions of activation in the REM
FACE > REM SCR contrast that correlated signifibantith behavioural performance on the
recognition memory task. For the analysis, memeanfgpmance was measured as a difference score:

Remember accuracy for words studied with faces snikemember accuracy for words studied with
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scrambled faces. This difference score shows taéwe recollection advantage (or disadvantage) for
words studied with faces as compared to scrambleekf for each participant. The 3dRegAna
program in AFNI was used for this analysis.

Results

Behavioural Data

There was considerable variability in memory perfance across the sample, with
approximately half showing higher memory accuramywfords studied with faces as compared to
scrambled faces and half showing the opposite teffee below). This behavioural variability ledato
null effect of context on behavioural performanutewever, | took advantage of this variability to
examine whether differences in brain activationevetated to differences in memory performance
within the sample. Whole-brain, region-of-interestd regression analyses were first performed with
the Overall Group data (all 14 participants). Rgtints were subsequently divided into two groups:
one that showed higher accuracy for words studidu faces than words studied with scrambled
faces (Group F, n = 8) and one that did not shasvitbhavioural effect (Group S, n = 6). Group F
assignment was based on numerical differencesvieméer accuracy for word studied with faces
and scrambled faces (face > scrambled), as opposéghificant differences. Whole-brain and
region-of-interest analyses were then performe@mup F and Group S data.

Localizer task performancBehavioural data from the localizer task for theefll Group

were analyzed using a repeated measure ANOVA. Meanracy (measured as hit rate — false alarm
rate) on the one-back localizer task was .88 £SD1) for faces and .81 (SP.20) for houses, which
did not differ significantly, K1, 13) = 1.83, » .05.

Behavioural data from the localizer task were taealyzed using a 2 (Image) x 2 (Group: F
or S) ANOVA, with Image as a within- and Group asetween-participant factor. Mean accuracy

(measured as hit rate — false alarm rate) for Gduand S, respectively, on the one-back localizer
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task was .87 (SB .11) and .88 (S> .11) for faces and .87 (SP.13) and .74 (SB& .27) for houses.
There was no effect of Image or Group, and no a&atéon, 15 (1, 12) < 2, ps .05.

Identification task performanc&he mean accuracy and response time (RT) forctorre

responses on the identification task, performeihduhe study phase (see Table 4), were first
analyzed for the Overall Group in a repeated messtiNOVA. Identification accuracy for pictures
of faces and scrambled faces did not diffef1 F13) = 0.32, pr .05, though RT to correct
identification was slower for pictures of facesntsgrambled faces, @, 13) = 11.64, g .05.

When participants were broken into Group F and @1®uthe mean accuracy and RT for
correct responses on the identification task wasedyaed using 2 (Context) x 2 (Group) ANOVAs.
There was no effect of Context, or Group, and teraction, B (1, 12) < 2.5, 9> .05 on
identification accuracy. The RT analysis showedcffiect of Group, K1, 12) = .57, and no
interaction, 1, 12) = .06, but did show a main effect of Canté (1, 12) = 10.35, g .01, with
slower identification RT for pictures of faces.

Memory task performanc®ata from the recognition memory task for the @llgBroup

were first analyzed in a 2 (Word context: studiethwa face or scrambled face) x 3 (Study-Test
cycle) x 3 (List order) ANOVA; because the last tvariables produced non-significant main effects
and interactions, data were collapsed across Skedtcycle and List order. Table 4 shows the
means for each memory measure and trial type,psgthacross the three recognition tests. Overall
recognition accuracy was measured as number obtitef 75 — number of false alarms out of 75,
for each word type. The effect of Word context was significant, {1, 13) = 0.75 p> .05.

| then analyzed proportion of Remember responaasifer of correct Remember responses
out of 75 — number of false Remember responsesfati) and proportion of Know responses
(number of correct Know responses out of 75 — nurobéalse Know responses out of 75) for each

word type. There was no effect of Word contextRemember, k1, 13) = 0.01, or Know, EL, 13)
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= 1.75, responses, nor for independent remember-kiiRK) measures of familiarity, FL, 13) =
.2.90, ps> .05. Comparisons of RT showed no effect of Cxirfter either Remember, @, 13) =
3.67, or Know, {1, 13) = .46, responses, ps05.

Similar analyses were performed on the data wittigi@ants divided into Group F and
Group S in a 2 (Context: studied with a face odigtt with a scrambled face) x 2 (Group: F or S)
ANOVA, with Context as a within- and Group as avwesn-participant variable. There was no effect
of Context on overall accuracy,(E, 12) = .07, or Group, @, 12) = .41, p$ .05, but there was a
significant interaction, 1, 12) = 7.87, MSE .05, p< .05. Paired t-tests showed that whereas
recognition accuracy did not vary with context iroGp F,_t(7) = 1.62, Group S showed higher
recognition accuracy for words studied with scraadidces as compared to facg$)t= 9.09, <
.05. Analysis of d’ showed a similar pattern ofeets.

| then analyzed the proportion of Remember resmofraember of correct Remember
responses out of 75 minus number of false Remerebponses out of 75), for each Group and
Context type. There was no effect of Contextl F12) = .68, or Group, &, 12) = .23, p > .05, but
a significant interaction, EL, 12) = 5.71, MSE .06, p< .05. Paired t-tests showed that Group F had
higher Remember accuracy for words studied witedaas compared to scrambled fac¢8) £ 2.72,
whereas Group S showed the opposite effd&) + 3.93,p < .05.

A similar analysis for Know responses showed neatfdf Context, K1, 12) = .68, no effect
of Group, F(1, 12) = .23, and no interaction(F, 12) ps > .05. A similar pattern was found IRK
familiarity. A retrospective power analysis perfatnon IRK familiarity in Groups F showed thatd
.04, and that, with a power estimate of .80, | wlauded to run 5345 participants to obtain a

significant effect of context.
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Table 4.
Experiment 7. Mean Performance on the Identificafiask at Encoding and Mean Memory
Performance and Response Time in Milliseconds ford® Studied with Different Contexts for the

Overall Group, Group F, and Group S.

Overall Group Group F Group S
Measure Face Scrambled Face Scrambled Face Scrambled
Identification .94 (.05) .94 (.03) .95 (.03) .94 (.05) .92 (.07) .95 (.03)

Accuracy

Identification RT 1322 (577) 1227 (583) 1427 (671) 1326 (668) 1180 (437) 1093 (472)
Overall Hit Rate .64 ((11) .66 (.13) .66(.12) .61(.12) .61(11) .74 (.10)
Overall FARate .18 (.11)  .18(.11)  .14(.10) .14(10) .23(.12) 23(.12)

Remember Hit .37 (14)  .36(12) .43(15) .35(.13) .28(.09) 39 (.08)
Rate

Remember FA  .02(.02) .02(.02) .01(.02) .01(.02) .03(03) 03(.03)
Rate

Know Hit Rate .27 (.10) .30 (.10)  .23(.11)  .27(11)  .33(.07) 35(.04)
Know FARate .16 (.10) .16 (.10)  .13(.09)  .13(.09) .20 (.10) 20 (.10)
IRK Familiarity .26 (14)  .31(15) .27 (.13) .27(12) .25(.15) 37(.17)
d 157 (71) 1.64(68) 1.75(50) 1.59(53) 1(32) 1.70(.89)

RT Remember 1478 (209) 2011 1507 (235) 1603 (276) 1483 (177) 1552 (222)
Responses (1558)

RT Know 1867 (317) 1902 (338) 1915 (345)955 (370) 1892 (232) 1925 (244)
Responses

Note: FA = false alarm; Familiarity was calculateiF = K/ (1-R); RT = response time in

milliseconds; Standard deviations shown in paresgbe
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Although RT was not emphasized at retrieval, | exahthese data in two separate repeated
measure ANOVAs for correct Remember and Know resgenThere was no effect of Context or
Group and no interaction for either Remember orinesponses, ps.05. A median split analysis
showed a similar pattern of results.

fMRI Data for Recognition Memory

Overall Group whole brain analysldsing a significance threshold okp.001 and a cluster

size of 5 or more contiguous voxels, direct congmars of REM FACE and REM SCR conditions for
the Overall Group data showed that Remember respagigen to words studied with faces were
associated with increased activity in the left precal, right posterior cingulate, left postcentright
middle temporal, left superior temporal, left migldiccipital, bilateral cuneus, thalamic, and left
cerebellar gyri (See Table 5). Importantly, thelgsia also showed increased activation for REM
FACE than REM SCR responses in the right hippocanama parahippocampal gyrus, and critically,
in the left fusiform gyrus (see Figure 7). A Moftarlo simulation was completed using the
Alphasim program in AFNI to determine the falseipes discovery rated) of this fusiform
activation. The analysis performed at p001 showed a high false positive rate>(.50) for this
region; however, when the threshold was lowergu<a005, a similar analysis showed that the
activation in this region was associated with adglositive rate af < .005. This region of the
fusiform gyrus (x, y, z = -36, -39, -11) is simikarthe region identified as the Group FFA in the
localizer analysis (x, y, z = -40, -46, -12; seli. The analysis did not identify any regions of
increased activation for REM SCR as compared to FRAIGE responses.

As in most remember-know tests in young adultgjgpants endorsed more items as
remembered than known; thus the analyses for Keswanses should be interpreted with caution.

The General Linear Model (GLM) analysis compariativation during KNOW FACE and KNOW



SCR responses did not show significant activatiothé fusiform gyrus. This was true even when the

threshold was lowered to.01.
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Table 5.

Coordinates and t-statistics of brain regions shgwidifferences in activation for REM FACE

responses compared to REM SCR responses for thalD8eoup.

Brain Region (BA) Coordinates _statistic
X y z

REM FACE > REM SCR

Left precentral (6) -44 -4 47 4.32
Right posterior cingulate (30) 20 -62 7 4.35
Right hippocampus 31 -11 -15 4.68
Right parahippocampus 14 -3 -15 4.38
Left postcentral (1) -34 -33 67 4.42
Left fusiform (37) -36 -39 -11 4.27
Right middle temporal (37) 40 -55 -1 4.75
Left superior temporal (41) -44 -40 12 4.43
Left superior temporal (38) -48 7 -14 4.68
Left middle occipital (19) -29 -89 9 4.75
Left middle occipital (37) -39 -67 2 4.61
Left Cuneus (17) -18 -75 7 4.50
Right Cuneus (18) 6 -81 14 4.42
Left Thalamus -27 -29 1 4.46
Left Cerebellum -9 -58 -2 4.76
Left Cerebellum -35 -62 -45 4.47
Left Cerebellum -24 -79 -16 4.33

Note: The Talairch coordinates represent the peak ogiten region; for thedtatistic positive

values represent greater activation for REM FACEtREM SCR; BA = Brodmann'’s Area

according to the atlas of Talairach and Tourno@88).
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|l ReM FACE > REM SCR [l REM SCR > REM FACE|

Figure 7. Brain areas with differences in activity for Remember responses given to words
studied with faces and words studied with scrambled faces for the Overall Group, Group F, and
Group S on averaged anatomical scans. Areas in orange represent regions with higher activity
for REM FACE than REM SCR responses; areas in blue represent regions with higher activity for
REM SCR than REM FACE responses. (A) An axial slice for the Overall Group at z = -11 mm from
the AC-PC line showing increased fusiform activity, p < .001; (B) An axial slice for the Overall
Group at z = -15 mm showing increased hippocampal activity, p < .001; (C) An axial slice for

Group F at z = -11 mm showing increased fusiform activity, p < .002; (D) An axial slice for
Group F at z = -15 mm showing increased hippocampal activity, p < .002; (E) An axial slice for
Group S at z = 16 mm showing increased frontal activity, p < .002; (F) An axial slice for Group

S at z = -16 mm showing increased parahippocampal activity, p < .002.

Overall Group region-of-interest analysémalysis of the Overall Group localizer data

identified a region in the left fusiform gyrus (fe@gion of activation (x, y, z) = -40, -46, -12) the

Overall Group FFA. A repeated measures ANOVA withrd/context as the within-participant
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variable showed that, for the group analysis, parsignal change was higher in the Group FFA for
REM FACE than REM SCR responseg1f-13) = 14.02, MSE 2.08,_p< .005 (see Figure 8). There
was no difference in activation in the FFA for iilOW FACE (M = .51, SD=.65) versus KNOW

SCR (M= .36, SD= .51) contrast, 1, 13) = .44, p> .05.
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Figure 8. Functionally defined FFA, identified in the localizer
task, and percent signal change in the FFA for Remember
responses given to words studied with pictures of faces or
scrambled faces in the Overall Group (top) Group F (middle)
and Group S (bottom). Peak regions of activation in the FFA
for the Overall Group, Groups F, and Group S were (X, v, z)
=-40,-46,-12, (x,y, z) = -39, -45, -13 and (x, y, z) = -40,
-52, -11, respectively, and are presented on averaged
anatomical scans.
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Overall Group regression analysésregression analysis was used to identify regfons

which level of activation across participants ia REM FACE > REM SCR contrast correlated
significantly with behavioural performance on tleeagnition task, as measured by the difference in
Remember accuracy for words studied with face®agpared to scrambled faces. We used a
threshold of p< .005 and a cluster size of 5 or more contiguax®ls. The regions identified in the
analysis were bilateral middle frontal gyri, lefedial and inferior frontal gyri, bilateral superiamd

left middle temporal gyri, the right cerebellar ggr and importantly, the right and left fusifornrgy
(see Table 6 & Figure 9). A Monte Carlo simulatsirowed that, although the false positive rate for
the region in the left fusiform gyrus was high>.50), the activation in the right fusiform gyrwas

associated with an extremely low false positivea®ry rate ofi < .005.



Table 6.
Coordinates and t-statistics of brain regions shgviicreased activation across participants in the

RFACE > RSCR contrast as the recollection benefitMords studied with faces increased.

Brain Region (BA) Coordinates _tstatistic
X y z
Right middle frontal (11) 37 47 -9 3.71
Left middle frontal (11) -28 30 -17 3.59
Left medial frontal (11) -9 27 -12 3.75
Left inferior frontal (47) -27 18 -18 3.62
Left inferior frontal (44) -52 10 17 3.73
Right fusiform (37) 36 -45 -10 4.31
Left fusiform (37) -45 -38 -13 3.73
Right superior temporal (38) 31 13 -31 3.96
Right superior temporal (38) 50 6 -20 3.68
Left superior temporal (38) -53 2 -7 3.93
Left superior temporal (42) -67 -25 8 4.14
Left middle temporal (21) -55 -33 -2 3.83
Right cerebellum 3 -72 -42 3.57

Note: The Talairch coordinates represent the peak ferdiien region; for the-dtatistic positive
values represent greater activation for the REM EAZ REM SCR contrast with increasing
behavioural performance (see methods); BA = BrodrisaArea according to the atlas of Talairach

and Tournoux (1988).
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Figure 9. Brain areas that increased in activation in the REM FACE > REM SCR contrast
as the recollection benefit for words studied with faces increased across participants
on averaged anatomical scans. Areas in orange represent significantly positive
correlations, p < .005. (A) An axial slice at z = -14 from the AC-PC line showing
increased left fusiform activity; (B) An axial slice at z = -10 from the AC-PC line
showing increased right fusiform activity.

Group F whole-brain analysiBor the Group F and Group S analyses, the sigmifie

threshold was reduced top.002 and a cluster size of 5 or more contigumxls, since the
behavioural split reduced the number of participamteach analysis. Direct comparisons of REM
FACE and REM SCR responses showed significantaativ for REM FACE as compared to REM
SCR responses in bilateral posterior cingulatejiéérior parietal, right middle temporal, biladér
superior temporal, left middle occipital, left cuiseright precuneus, and left thalamic gyri (sekl@a
7). Bilateral parahippocampal activation was atkmtified with one region crossing the borders of
the right parahippocampus and the hippocampusHigeee 7). Critically, | found higher activation

for REM FACE as compared to REM SCR responsesdanetth fusiform gyrus (X, y, z = -34, -37, -
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12), close to the region identified as the FFAhia Group F localizer analysis (see below). The only
area of activation higher for REM SCR than REM FA@Eponses was the middle frontal gyrus.
The General Linear Model (GLM) analysis compariativation during KNOW FACE and

KNOW SCR responses did not show significant adtivain the fusiform gyrus.
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Table 7.
Experiment 7. Coordinates and t-statistics of bragions showing differences in activation for REWCE

responses compared to REM SCR responses for Group F

Brain Region (BA) Coordinates t-statistic
X y z

REM FACE > REM SCR

Left posterior cingulate (30) -9 -62 12 5.83
Right posterior cingulate (31) 19 -61 15 5.90
Left parahippocampal -14 -44 1 5.23
Right hippocampal/ 20 -12 -19 5.18
parahippocampal

Right parahippocampal 9 -41 3 5.77
Left inferior parietal (40) -58 -41 22 5.40
Left fusiform (37) -34 -37 -12 5.08
Right middle temporal (21) 52 -29 -7 5.47
Left superior temporal (41) -42 -30 4 5.56
Left superior temporal (38) -40 11 -20 6.06
Left superior temporal (42) -62 -28 16 5.43
Right superior temporal (22) 56 6 3 5.69
Right superior temporal (38) 55 2 -6 5.41
Left middle occipital (37) -38 -67 2 5.76
Left middle occipital (19) -31 -83 5 5.31
Right precuneus (31) 12 -71 29 5.12
Left cuneus (18) -18 -75 22 5.00
Left cuneus (18) 13 -80 20 5.37
Left thalamus -27 -30 2 5.75

REM SCR > REM FACE

Left middle frontal (6) -28 7 41 -5.46

Note: The Talairch coordinates represent the peak ®gihen region; for thedtatistic, positive values
represent greater activation for REM FACE than RE®R and negative values represent greater actividio
REM SCR than REM FACE responses; BA = Brodmann'safaccording to the atlas of Talairach and

Tournoux (1988).
11€



Group F region-of-interest analysisnalysis of Group F localizer data identified giom in

the left fusiform gyrus (peak region of activatipny, z) = -39, -45, -13), as the region most high
activated in the FACE - HOUSE contrask p0001. | called this functionally defined regite
Group F FFA. A repeated measures ANOVA with Congexthe within-participant variable showed
that percent signal change was higher in the FFA&R®M FACE than for REM SCR responseq1-
7) =12.77_MSE= 2.65, p< .01 (see Figure 8). A similar analysis of Kn@gponses showed there
was no difference in activation for KNOW FACE .41, SD=.60) and KNOW SCR (M .42, SD
= .65) responses, @, 7) = 0.00, p> .05.

Group S whole-brain analysisapplied the same significance threshold &f 902 and a

cluster size of 5 or more contiguous voxels ahiénGroup F analyses. Group S showed increased
activation for REM FACE than REM SCR responsesileft inferior and middle frontal, bilateral
superior frontal, bilateral precentral, right postecingulate, left middle temporal, right inferiand

left middle occipital, and bilateral cerebellar igigee Table 8). Unlike Group F, no difference in
activation was found in the fusiform gyrus or i timedial temporal lobe for this contrast. There was
one area showing activation higher for REM SCR tR&M FACE responses in the right
parahippocampus (see Figure 7). Even when | lowtrethreshold to g .01, there was still no
evidence of differential fusiform activation. As@roup F, the GLM analysis comparing activation

during KNOW FACE and KNOW SCR responses did notshignificant activation in the fusiform

gyrus.



Table 8.
Experiment 7. Coordinates and t-statistics of bragions showing differences in activation for REWCE

responses compared to REM SCR responses for Group S

Brain Region (BA) Coordinates _-dtatistic

X y z

REM FACE > REM SCR

Left inferior frontal (45) -45 22 15 7.33
Left medial frontal (6) -5 5 61 8.83
Left superior frontal (9) -10 58 26 8.16
Left superior frontal (10) -19 66 16 7.15
Left precentral (6) -30 -2 32 6.43
Right precentral (6) 31 -8 34 8.59
Left cingulate (31) -19 -38 29 7.54
Right posterior cingulate (30) 31 -75 5 7.50
Left middle temporal (37) -41 -59 -2 7.61
Left middle temporal (21) -47 4 -18 7.03
Right inferior occipital (19) 41 -78 -5 7.60
Left middle occipital (18) -28 -93 1 6.77
Left cerebellum -40 -71 -15 7.34
Left cerebellum -32 -62 -38 6.41
Left cerebellum -2 -48 -44 6.91
Right cerebellum 33 -40 -20 7.19

REM SCR > REM FACE

Right parahippocampal 24 -23 -16 -8.08

Note: The Talairch coordinates represent the peak togthen region; for thedtatistic, positive values
represent greater activation for REM FACE than RE®R and negative values represent greater activiio
REM SCR than REM FACE responses; BA = Brodmann'safaccording to the atlas of Talairach and
Tournoux (1988).
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Group S region-of-interest analysithe Group S localizer data identified a regiothia left

fusiform gyrus as the area most highly active fier EACE - HOUSE contrast (peak region of
activation (x, y, z) = -40, -52, -11,9.0001). | called this the Group S FFA.

Unlike Group F, the repeated measures ANOVA forupr8 failed to show a difference in
activation in the FFA for REM FACE compared to RE@R responses, &, 5) = 0.59 (see Figure
8). Similar to Group F, however, the KNOW FACE — & SCR contrast showed no difference in
activation (M= .95, SD= .59 for faces and M .58, SD= .53 for scrambled faces),(E, 5) = 1.09, p

> .05.

4.5 Discussion of Chapter 4 Experiment

I examined how the presence of meaningful visuatexi information during encoding of
target words influenced later recollection for Whards presented alone at retrieval. Unlike the
previous experiments reported in this thesis, Inditifind a recollection benefit for words studied
with meaningful context information; however, llisshowed differences in brain activation for
words studied with and without meaningful contaformation. Whole-brain analysis of fMRI data
showed that activation for Remember responses goverords studied with faces compared to
scrambled faces was higher in the fusiform gyrushkippocampus. The same pattern was observed
in both a group and individual fROI analysis: Thes&s increased activation in the functionally-
defined FFA for Remember responses given to wdrdiies] with faces compared to scrambled
faces. No such context effect was present at theahkevel for Know responses. Further analyses
showed that these patterns of activation were fanhg for those participants who reported higher
recollection for words studied with faces. Actiatiin both the right and left fusiform gyrus wascal
found to correlate with behavioural performancatenmemory task: Activation in these regions
increased as the recollection benefit for worddistliwith faces, as compared to scrambled faces,

increased.



4.5.1 Sensory-Specific Reactivation

To examine sensory-specific reactivation in amiaripdefined brain region, | used a localizer
task to identify the region of the fusiform gyrugshhighly activated during the viewing of faces in
my participants. Using an fROI approach (Saxe.eRaD6), | was then able to contrast activity for
Remember and Know responses given to words studtbdaces and scrambled faces in this brain
region. The localizer task showed higher activataring the viewing of faces, as compared to
houses, in a region in the left fusiform gyrushe pverall group, Groups F, and Group S, which |
called the FFA. Although the FFA is often foundtfie right fusiform gyrus (Kanwisher et al., 1997)
other studies have shown bilateral (Bernstein, Beiggenthaler, & Grady, 2002; Haxy et al., 1994)
and left (Lobmaier, Klaver, Loenneker, Martin, & Ma2008) fusiform activity during face
processing.

In both the whole-brain and ROI analyses of therall group data, activation in the fusiform
gyrus and FFA, defined by the localizer task, wighdér when participants recollected words studied
with faces as compared to scrambled faces. Thisrmt despite the fact that the faces were not re-
presented at retrieval, indicating that the rectibe of words studied with faces activated theesam
brain region used to process such context infoomatihe region identified in the whole-brain
analysis was notably close to that identified kg lthicalizer task, constituting further support thés
represents sensory-specific reactivation of a faoeessing region. These results are consisteht wit
those that show the FFA is active when participanémine faces (Ishai, Ungerleider, & Haxby,
2000; O'Craven & Kanwisher, 2000). Importantly,idl ehot find a significant increase in FFA
activity when know responses given to words studigh faces and scrambled faces were contrasted,
even at a lowered threshold, supporting the hysigttbat sensory-specific reactivation is spetific

recollection (Johnson & Rugg, 2007; Wheeler & Buakr2004).
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Notably, this pattern was found for the analy$i&mup F data, whereas Group S data did
not show differential fusiform activity for Remenrlresponses given to words studied with faces and
scrambled faces. A regression analysis was addltionsed to identify the brain regions that
increased in activation as the recollection berfefitvords studied with faces increased across
participants. This analysis identified a regionha right and left fusiform gyrus, close to theiosg
identified as the Group FFA in the localizer tab&gether, the results suggest that the degree to
which participants recruit context-specific braggions during retrieval is related to a behavioural
benefit, in later recollection, for words studiedhwmeaningful context information. Other research
suggests that whether participants show sensogjifgpeeactivation, and subsequent recollection
benefits, may depend on the extent to which thegpeea in processes at encoding that bind item and
context information, or the degree to which thenitend context can be bound. For example, Nyberg
et al. (2000) showed a trend toward higher senspegific reactivation in left primary auditory
cortex when word-sound pairs were strong as cordgareseak associates, suggesting that sensory-
specific reactivation may be a function of ‘inteigiaility’, or the binding of context and item
information. In the previous experiments of thisdis, | hypothesized that participants who engage i
processes that bind item and context informatiastuay will show a recollection benefit for words
studied with meaningful context information. Theuks of the current experiment suggest that this

recollection benefit increases as activation irsegpspecific brain regions increases.

4.5.2 Medial Temporal Lobe Activation

The whole-brain analysis of overall and Group taddowed that activation in a region in
the right hippocampus/parahippocampus was highidRémember responses given to words studied
with faces compared to scrambled faces. Multipleliss have found results consistent with the
notion that hippocampal activation is selectivegcollection. For example, Montaldi et al. (2006)

showed bilateral hippocampal activation when scématswere recollected were compared to scenes
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given high confidence familiarity ratings. My studiffers from previously reported ones (Montaldi
et al., 2006; Yonelinas et al., 2005), howevethat | did not contrast Remember and Know
responses, but rather contrasted Remember respgonsesrds studied with different types of
context. Thus, the difference in activation foundriy study cannot relate to the experience of
remembering per se, but rather reflects a differénthe content/manner of what is recollected,
although the current study cannot specify exachgatthis difference represents. For example,
Remember responses for words studied with faceshaeg been associated with the retrieval of
additional context information than Remember respsrgiven to words studied with scrambled
faces in Group F participants, (cf. Dodson, Hollat&himamura, 1998), and the hippocampus
indexed this increased source retrieval. To my Kadge, the only study that has manipulated the
amount of source information retrieved showed tiigbocampal activation was related to source
retrieval generally and that a region of the pdstgrarahippocampus increased in activation as the
amount of contextual information retrieved increh§Bendolkar et al., 2008; see also Vilberg &
Rugg, 2007, who found increased activation in #regdjacent/within the hippocampus when
‘strong’ recollection was contrasted with know ra@sges, and a statistically weaker trend in this
direction when ‘weak’ recollection was comparedwviihow response. Also see Maril, Simons,
Mitchell, Schwartz, & Schacter, 2003, and Marilm®ns, Waver & Schacter, 2005, who examined
the neural substrates of graded recall success)thts possible that the medial temporal lobe is
involved in two aspects of the mnemonic experienoe: that indexes the subjective experience of
recollection and another that indexes the amounbnfextual information retrieved. While these
explanations are speculative and are in need tifdutesting, these data do suggest a role for the
hippocampus beyond the distinction between RemearmKnow responses. Specifically, the

pattern of activation in the hippocampus differeditly recollection of words studied with and



without meaningful context information, suggestthgt Remember responses can differ in the extent

to which they recruit the hippocampus.

4.5.3 Activation in Additional Brain Regions

In both the overall group and Group F whole-baialyses, participants showed
significantly higher activation in various regiooisthe lateral temporal lobe for Remember responses
given to words encoded with faces compared to duedhfaces. Research shows that semantic
processing of verbal information recruits ante(Moppeney & Price, 2002) and lateral posterior
(Vandenberghe et al., 1996) regions of the tempgoba. It is possible that participants engaged in
semantic processing to bind the meaningful facéestrand word information at study, which was
reactivated at retrieval. For example, participanéy use semantic knowledge to help develop a link,
or association, between the item and context inddion at study. Murnane et al. (1999) have
proposed that when item-context integration ocaunsw piece of information, ensemble
information, is created. The current findings siggdlkat this integration process involved semantic
elaboration and that this semantic informationgjasemble) was reactivated at retrieval. The
regression analysis additionally showed that atitmen the middle and superior temporal lobe
increased with behavioural performance, suggestiagthe retrieval of this semantic information is
related to recollection benefits for words studidgth meaningful context information. | elaborate on
this point further in the General Discussion (Ckap). Alternatively, the anterior temporal lobe
activation may reflect the recapitulation of faceqessing activity at study, as this region has als
been associated with processing face identity im&tion (Damasio, Grabowski, Tranel, Hichway, &
Damasio, 1996).

The regression analysis also showed that activatithe bilateral orbitofrontal and left
ventrolateral prefrontal cortex increased as thellection benefit for words studied with meanirigfu

context information increased. Activation in théitwfrontal cortex is generally found only during
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studies of emotional memory retrieval (Brand & Masktsch, 2006); however, Ishai, Schmidt, and
Boesiger (2005) have argued that the orbitofroretex is part of a large network, including the
fusiform gyrus, involved in face perception. Itlisis possible that this region aided in context-
specific (face) reactivation. In contrast, actigatin the ventrolateral frontal lobes is more commo
during studies of memory retrieval and Fletcher Hedson (2001) attribute activation in this region

to the updating and maintenance of informationthis region did not show differential activity in

the whole-brain analysis, the results suggest #ithipugh the updating/maintenance demands did not
differ for the recollection of words presented wdlifferent context information, this region supsort
recollection of words studied with meaningful coateformation.

Group S showed additional left frontal lobe adiiva for Remember responses given to
words studied with faces as compared to scrambleesf Research shows that the left frontal lobe is
involved in various controlled processing functigAshim & Lepage, 2005; Wheeler & Buckner,
2003). It may be that Group S participants, whorditishow a recollection benefit when words were
studied with meaningful context information, enghdgea different strategy at retrieval for words
studied with faces as compared to scrambled fabesging that controlled processing demands of

the task, thereby accounting for the differencefsdntal activation.

4.5.4 Behavioural Performance

Based on the behavioural work presented in thgsigh | expected memory performance to be
higher for words studied with faces (meaningfulteahinformation) than words studied with
scrambled faces. In the current study, however, ongperformance was equal for words studied
with faces and scrambled faces. It is possibletttascanner environment interfered with the
strategy-use in some participants and Experimafittis thesis shows that this can directly
influence recognition performance. In Experimenitféund that recollection benefits do not depend

on what context is presented at study per se, bthecognitive operations performed on that
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context, with higher recollection resulting fronnclitions that direct use a particular strategy -
linking/binding item and context information. Ineticurrent study, the use of a linking/binding
strategy may not have been consistent acrossipartts, resulting in variable recollection benefits
from the face versus scrambled face trials. Wheol advantage of that variability in the regressio
analysis, was able to show that activation in tetrand left fusiform gyri increased as the
recollection benefit for words studied with meatfingontext increased. | additionally split
participants into groups based on behavioural peidoce and showed that sensory-specific
reactivation occurred only in those participant®whowed a recollection benefit for words studied
with faces. This suggests that recollection besédit words studied with meaningful contexts
increase as activation in sensory-specific brajores increase, supporting the notion that sensory-
specific reactivation at retrieval is a functiontlo¢ ‘integratability’, or the binding of item and

context and information at study (Nyberg et alQ@0

4.5.5 Methodological Aspects

This study provides a significant contributiorotar understanding of how context
information is stored and retrieved in the braiowbver, there are many methodological issues
surrounding the analysis of fMRI data. In the catrgtudy, three methodological issues deserve
comment: How to best examine brain-behaviour @atiips, the number of response trials required
to obtain stable brain activation patters, and vilaseline contrast should have been used to igentif
the FFA.

In the current study, | was interested in exangjrarbrain-behaviour relationship;
specifically, | aimed to identify the brain regiomdated to increased recollection benefits fordgor
studied with faces. | used two methods to try teweer this question: a group split based on
behavioural performance and a correlational amalyhile neuroimaging studies have used both

group splits (e.g. Schonberg, Daw, Joel, & O’Dopne2007) and correlational analyses (e.g., Bunge,
12k



Dudukovic, Thomason, Vaidya, & Gabrieli, 2002) i@mine such relationships, each method has
limitations.

Examining variability in performance by dividingayps based on behaviour can lead to
important insights about individual differencesognitive processing. For example, MacLeod, Hunt,
and Mathews (1978) found two patterns of behaviquegormance on a sentence-picture
comprehension task, and suggested that theserzatedated to the adoption of either a linguistic o
pictorial-spatial strategy. However, dividing paipiants into sub-groups based on behavioural
performance is an example of what Kriegeskorte n®ims, Bellgowan, and Baker (2009) call
double-dipping. That is, the data used to sorp#méicipants into groups is the same data uselgein t
analysis. They argue that such ‘double-dipping’ distort descriptive statistics and invalidate
statistical inference.

In the current study, participants were dividet twvo groups based on their memory
performance. Unlike previous work (MacLeod et #078), | did not show that there is an
independent cognitive or socioeconomic measurectidt predict group membership. Research
shows that without an independent predictor, talte of any analysis based on such divisions can
be distorted (Kriegeskorte et al., 2009). In additithe analysis relied on ‘if A not B’ logic (i,éf a
brain region active for Group F was not activehatsame threshold for Group S, the region was
considered to be related to behavioural performardeea consequence, the analysis did not identify
the_magnitudef the difference in brain activation between gheups. Without an independent
predictor establishing Group F and Group S as \@hdips, the interpretations made from this
analysis may fail to identify true brain-behavioalationships.

The correlational analysis performed in this sttelolves these concerns since all of the
participants’ data was used in the analysis. Howexarkoni (2009) found that correlations in fMRI

studies are often inflated when there is insufficigower (i.e., sample size). He recommends tbat, t
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examine correlations, a sample size of minimumgividuals is necessary. To obtain such a large
sample size requires a large amount of time andegpamhich many smaller psychology labs simply
do not have. Otherwise, he recommends statingrtlieely reliability of the correlations and to be
skeptical of any correlation found between braid behaviour.

In the current study | used both types of analysexamine relationships between brain
activation and behavioural performance. These apalprovided converging conclusions;
specifically that sensory-specific reactivatiomakated to recollection benefits for words studiéth
faces. These converging results suggest thatnba{s are reliable. However, there was one
discrepancy between the two analyses, within theiaheemporal lobe. Whereas increased activation
was found in the medial temporal lobe for wordsli&td with faces versus scrambled faces in Group
F, but not Group S, no region in the medial templokze was identified in the correlational analysis
Whereas the former finding suggests that activdatidhe medial temporal lobe is related to
recollection benefits for words studied with fadk® correlational analysis directly contradictis th
interpretation. This discrepancy points to somthefdifficulties researchers face in choosing how t
examine brain-behaviour relationships and dematesttaat different methods can lead to different
results and theoretical conclusions.

In a future study, to substantiate the claims seatsory-specific reactivation is related to
recollection benefits for words studied with contieformation high in meaningful content,
behaviour could be manipulated experimentally. &@mple, providing instructions at encoding in
which some participants bind the item and contex3.( does the word match the face, as in
Experiment 6), and others perform a more surfasedbancoding instruction (e.g., identify the
gender of the face) would divide participants igtoups a priori. Following from Experiment 6 of
this thesis, recollection should be higher for veostlidied under the binding instruction than the

surface instruction. One could then examine whetbasory-specific reactivation is higher when
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participants engage in processes that bind itentantixt at encoding, as compared to a condition
that examines the surface features of the cortesting the hypothesis that sensory-specific
reactivation at retrieval is a function of the &gtatability’, or the binding of item and contexida
information at study (Nyberg et al., 2000).

A second methodological concern in the currerdysttoncerns the minimum number of
events, or trials per condition, that are requiedchieve a reliable fMRI signal. To obtain releab
estimates of brain activation, research suggeatsatieast 20 events of each condition are reguire
(Thirion et al., 2007). In a memory task, the reseer cannot predict a priori how many hits, misses
false alarms, or correct rejections a participaititmake. Although pilot testing suggested that
participants would make at least 20 Remember armhKesponses to each trial type, in the current
study, two participants made few (< 20) Know resganper trial type. This limited my ability to
make concrete conclusions when brain activatiorKfayw responses was compared. Increasing the
amount of time between study and test, or incrgasia number of words on the study list, may
increase the number of Know responses made inefstudies, permitting a better analysis of brain
activation relating to familiarity. In addition, cbsing to examine recollection and familiarity tingt
confidence ratings, rather than Remember and Kespanses, may provide a better opportunity to
examine recollection and familiarity at the levétlee brain, as suggested by previous work
(Montaldi et al., 2006; Yonelinas et al., 2005).

A third methodological issue of this study concettmat baseline conditions used for the fROI
analysis. It is possible that the region identiféesdthe fusiform face area (FFA) will change
depending on the baseline used (Grady, personahcmication). This suggests that, in the current
study, the best baseline condition for the locals&zmn would have been the same contrast as used in
the memory task (i.e., faces — scrambled faceByl hot chose to use scrambled faces as the baselin

condition for the localizer task because | wantadipipants to engage in a one-back task to ensure
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they were actively attending the images. | hypa#tegsthat performing a one-back task for
scrambled faces would be much more difficult thamiritact faces, which would increase the
processing demands (and therefore brain activatioripg the viewing of scrambled faces. Instead, |
chose to use houses as the baseline conditior ilo¢hlizer task, in line with pervious work (e.g.,
Yovel & Kanwisher, 2004). Notably, although thetlfefsiform regions identified in the Overall
Group and Group F whole-brain analyses were vargecto the regions identified in the fROI
analyses, the regions were not identical. This ssiggthat the FFA may change depending on the
baseline used and that careful consideration regalihseline conditions is required if one wishes t

perform a fROI analysis.

4.5.6 Study Extensions

| now describe potential extensions to this stilndy could further advance our understanding
of the brain regions sub-serving recollection. Tilet possible extension to this study is to show a
double dissociation of the reactivation of confefbrmation (see Johnson & Rugg, 2007, for an
example). The current study shows only a singleadistion, in that participants who showed a
recollection benefit had higher activation in theiform face area when words studied with faces, as
compared to scrambled faces, were recollectedidtngvevidence of a double dissociation would
provide stronger evidence that recollection of eahinformation involves the reactivation of the
sensory-specific brain regions originally usedtocpss that context information. For example,
participants show reliable brain activation in fhsiform and parahippocampal gyrus for face and
house stimuli, respectively (O'Craven et al., 1999a potential experiment, brain activation for
Remember responses given to words studied withngistof faces and pictures of houses could be
compared. One would expect activation in the fusifgyrus to be higher for words studied with
faces, as compared to houses, and that activatithe iparahippocampal gyrus would be higher for

words studied with houses as compared to faces.
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Second, the current study did not scan the sthdggand consequently could not compare
brain activation during the encoding of words stadiith versus without meaningful context
information. Given that | have hypothesized thatipigants use a strategy at encoding that
associates item and context into ensemble infoomatihich is retrieved through recollective
memory processes, fMRI comparisons of encodingatitin could provide insight into the brain
regions used to engage in such mnemonic stratddigpothesize that providing meaningful context
information at study will increase left prefrontalrtex activation, since this brain region has been
implicated in semantic/elaborative encoding (Deiindl.e 1995; Poldrack et al., 1999).

Third, the current study was unable to determihg the medial temporal lobe was more
active during Remember responses given to wordkestwith faces (high in meaningful content) as
compared to scrambled faces (low in meaningfulaatit | have suggested that this difference
reflects variation in the amount of source inforioratetrieved. In future studies, participants coul
be asked to state not only whether they Remembénaw an item but, if the item is given a
Remember response, to rate the item on level degaral detail or vividness of the memory. This
type of design could help determine whether theiahéeimporal lobe has dual roles: one
representing the subjective experience of the rdmeeen, and one indexing the amount of source

information retrieved.

4.5.7 Theoretical Implications

These neuroimaging data presents two novel firdiRgst, when meaningful context (face)
information was presented at study, activatiohanfusiform gyrus increased during the subsequent
recollection of item information presented alomapobrtantly, this pattern was present only for
Remember and not for Know responses, in line witll grocess theories of recognition. In addition,
this pattern was found only in those participant®whowed a recollection benefit for words studied

with faces, and activation in the right and lefifarm gyri increased as the recollection benefit f
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words studied with faces increased across partitspandicating that the degree to which partictpan
recruit context-specific brain regions during retal is related to recollection performance. Second
there was higher activation in a region of the triglppocampus for Remember responses given to
words studied with meaningful (face), as compaoeaaian-meaningful (scrambled face), context
information. This again was only found in thosetjggrants who showed a recollection benefit for
words studied with faces. | suggest that the medraporal lobe may be involved in indexing
mnemonic aspects beyond the distinction betweeemdraring and knowing. Patterns of brain
activation at retrieval thus depend on the typeasitext information presented at study and

recollection performance is related to the exteat tontext information is reactivated at retrieval
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Chapter 5

General Discussion

| will briefly review the findings of the experimemin this thesis. | then consider in detail
how changing the type of context information chanigehavioural performance and the neural
regions used during the retrieval of item informatiand how normal aging might affect these
processes. Finally, | propose future studies aiatexppecifying the processes involved in the enapdin
and retrieval of context information and which exaerhow context information influences

subsequent recollection of item information.

5.1 Summary of Experiments

Chapter 2 tested the hypothesis that participsarisuse context information high in
meaningful content to improve subsequent memory fitst of words. Previous work by Murnane et
al. (1999), which examined context reinstatemeifieice$, suggests that participants can integrate
item-context pairs into ensemble information ataglieg, but only when the context is high in
meaningful content. Recent work by Luo et al. (0dditionally suggests that participants can use
extra context information provided at study to reglmemory errors on a later memory test when
asked to reject previously studied items on anuskeh test. Following from Murnane et al.’s ICE
model, | hypothesized that participants can useningful context information to develop ensemble
information. | additionally extended this modeldyggesting that ensemble information, which
contains bound item-context pairs, would be prefiéaby retrieved through recollective (context-
rich) memory processes.

In line with the hypothesis that participants cae meaningful context information to
develop ensemble information, Experiment 1 showed participants had better overall memory,

specifically recollection, for words studied witltqures of intact than scrambled faces. In
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Experiment 2, | replicated these results and shdhaidrecollection was higher for words studied
with pictures of faces than when no image acconguhttie study word. Experiment 3 showed that
participants had higher memory performance, andllestion in particular, for words studied with
upright compared to inverted faces. In Experimemadticipants showed equivalent memory for
words studied with novel or familiar faces.

The results are significant for three reasonst,Riney demonstrate that varying the
meaningful content of context information changdssequent item recollection even when that
context information is absent at retrieval. Young@ult participants were able to use meaningful
context information provided at study as a framéwnorwhich to remember item information, and
this benefit occurred even when context informahah and low in meaningful content was equated
on luminance, contrast, and inter-item similargcond, the data show that the provision of
meaningful context information boosts subsequem itecollection as compared to when no context
information is provided. Third, the younger adwrticipants used contexts high in meaningful
content to boost subsequent recollection regardiieatiether the contexts were novel or familiar,
suggesting that the novelty of the context doesmeddiate this effect. | suggest that participases u
elaborative processes to integrate item and mefahiogntexts into ensemble information, improving
subsequent item recollection.

In Chapter 3, | examined how context informatioaesented at study affects recollection of
words in younger and older adults. According todaksociative deficit hypothesis (ADH; Naveh-
Benjamin, 2000), older adults have a specific dgficbinding item and context information into
cohesive memory traces. A reduced attentional resaccount of aging additionally suggests that
an age-related deficit in attentional resourcesced older adults’ ability to voluntarily engage in
effortful encoding processes that support successgfmory performance. | hypothesized that

because of these deficits, older adults would bg dble, or possibly unable, to use context
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information high in meaningful content to beneditdr memory performance. However, instructional
manipulations that encourage the binding of itemtext pairs were expected to alleviate this deficit

As predicted, Experiment 5 found that younger,raitolder, adults showed higher
Remember accuracy when words were studied withegbirtformation high, as compared to low, in
meaningful content. In Experiment 6, younger artiéphdults both showed higher Remember
accuracy when instructed to bind the item and camtéormation (does the word match the face?) as
compared to a surface-based instruction conditaten(ify the gender of the face). These results
suggest that older adults do not spontaneouslygenigathe processes required to boost recollection
when context information high in meaningful contenprovided at study. However, instructional
manipulations that promote the elaborative processguired to integrate item and context pairs
during encoding lessen this deficit. The resulditiahally suggest that elaborative processes at
encoding are required to show later recollectiomefies when meaningful context information is
provided at study, and that these processes inliokiag or associating item-context pairs.

Chapter 4 examined how changing the quality ofctireext information present during the
encoding of target words influenced the neural sates sub-serving later recollection for the words
presented alone. Previous work suggests that dotiva the hippocampus (Montaldi et al., 2006)
along with reactivation of sensory-specific bragions (Johnson & Rugg, 2007; Wheeler &
Buckner, 2004), sub-serve recollection. To expthesbrain regions that support context-rich
recollections, rather than compare activation betwRemember and Know responses, | chose to
compare activation that occurs when participantseraber items originally studied with context
information high and low in meaningful contentelsoned that such a comparison could identify the
neural regions needed to retrieve specific contdatmation, enabling recollection.

The results of Experiment 7 showed that activaitithe fusiform gyrus (and the

functionally defined fusiform face area) and hippopus was higher for Remember responses given
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to words studied with faces compared to scramtaedd, but only in those participants who showed
higher recollection for words studied with facesteyression analysis additionally showed that
activation in the fusiform gyrus increased as #lative recollection benefit for words studied with
meaningful (face) compared to less-meaningful (abfad face) context information increased.
These results suggest that encoding context chreirde the pattern of recollection responses on a
recognition task and that context-specific bramfiors implicated during encoding are recruited

again during retrieval.

5.2 Theoretical Implications

What do these findings tell us about recollecti®hi thesis has investigated the encoding
and retrieval of context information through anmaksation of cognitive, age-related, and neural
processes. | will now attempt to develop a mordieohiframework regarding how recollection, and
the retrieval of context information, occurs.

The work in this thesis has emphasized the impogaf encoding context for subsequent
recollection. It suggests that simply providingtjg@pants a contextual source high in meaningful
content at study increases recollection memorygs®ses at retrieval. | have suggested that this
occurs through the use of elaborative processesnane specifically, through the development of
associations and/or links between item and comdotmation. However, the current thesis did not
explore why participants might develop these asgiatis, nor did it specific the type of
associations/links participants develop when stugljtem and context information. It is possiblettha
the type of association created varies acrosscjyatits. Post-experimental questionnaires, destribe
in Chapter 2, suggest that participants use aeglyah which they develop stories or make subjectiv
judgments to link the item and context informatiorimprove their later memory performance.

However, other participants stated that they uslkedrannemonic strategies, such as making items
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personally relevant, and still showed a recollatbenefit for words studied with context informaitio
high in meaningful content. Thus, the exact proegssed to obtain recollection benefits, or to
elaborate upon item-context pairs, may vary sulisinbetween participants. Regardless of this
variation, the fact that elaborative processesiaegl to make such associations should be the same
across participants. The notion that participantgge in elaborative processes to bind item-context
pairs, improving subsequent recollection, was sttpddn Chapter 3. Here, | showed that older
adults were only able to use context informatiaghtin meaningful content to boost subsequent
recollection when told to make an explicit link Wween the item and context information. | suggest
that these elaborations help develop what Murnaaé £999) describe as ensemble information.
Specifically, the ensemble information may be ajuaiblend of the item, the context, and the
associated link created at encoding. When cretttednemory is retrieved preferentially through
recollective memory processes.

The findings of this study are similar to the cladsvels of processing effect, in that they
show that processing the meaning of informaticamismportant predictor of future memory
performance. However, rather than use instructioralipulations to change the level of processing
performed on an item, this research shows thatgithgrhe level of meaningful content provided in
context information at study can affect subsequsthory performance.

There are in fact two ways in which we could vidws tdata with respect to levels-of-
processing theory. We could conceptualize thatighog participants context information high in
meaningful content at encoding deepens the levetarfessing performed on the item (i.e.,
participants use the meaningful context informatmengage in meaningful processing of the item
information). The deeper level of processing insesathe memory strength, improving subsequent
memory performance. However, in the introductioilCbfipter 2, | stated that we could also

conceptualize that varying the level-of-processimgply changes the type of context information
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bound to item information: deep processing encasamarticipants to bind subjective/meaningful
contexts (thoughts, emotions, etc) to the item,re&® shallow processing promotes the binding of
perceptual contexts (colour, font, etc). This mikir to the 'spread of elaborative encoding' oady
described by Craik and Tulving (1975), except thatiggests that it is the context, or source,

information that is the result of the processiragher than the type of processimgrformed on the

item (or the strength of the memory), that increaseésequent recollection. Providing a context high
in meaningful content at study may simply faciktéte development or rich, meaningful associations
between item and context, increasing subsequeolieetion. While these two interpretations are
similar, they vary in their focus. In a context-bdsnterpretation, the focus is on how the procegsi
changes the context associated with item informagad how that may change recollective memory
performance. In contrast, a strength-based legisooessing interpretation suggests that the tfpe
processing changes the memory strength. The celpdesetd interpretation thus specifies a unique
mechanism (the development of links between itechcamtext information, whether that context be
perceptual or mental, experimentally provided ¢k geduced) to explain changes in memory
performance.

At the neural level, only those participants whowéd a recollection benefit when provided
context information high in meaningful content tatdy showed sensory-specific reactivation. In
addition, activation in the right and left fusiforggri were found to increase as the relative
recollection benefit for words studied with facesreased across participants. The findings suggest
that only when ensemble information is createdjéneloping a link between item and context
information at encoding, will participants show sery-specific reactivation of context information.
This link may thus be essential to the memory ttaaebinds the item and context information,

making it a cohesive recollection.



One prominent model of memory retrieval, first peed by Moscovitch and Umilta (1990,
1991), suggests that episodic retrieval requirdsaat two main components. The first is mediated b
the prefrontal cortex (PFC), and represents resedetnanding processes that are needed to maintain
and implement strategic aspects of retrieval sgatetmieval mode, search and monitoring, and the
coordination of competing task demands. The secontponent of the model, believed to be
mediated by the medial temporal lobes/hippocamplid_(H), involves the relatively automatic
reactivation of memory traces resulting from theferaction with memory cues, a process termed
ecphory by Semon (1924, see also Schacter, Eidhhging, 1978). The memory trace itself is
presumed to consist of an ensemble of MTL/H andorizal neurons, the latter mediating the
representations of the memory event itself, withMiTL/H acting as a pointer or index to the
neocortical representations to which it is bountretrieval, the cue is presumed to activate the
MTL/H index, which in turn reactivates the corticapresentations leading to recovery of the
memory trace.

The findings presented in this thesis may be cagtwithin this model with a little
elaboration. When meaningful context informatioprigvided at study, participants bind the item and
context information by developing links, or asstioi@s, between them. This binding may lead to a
neocortical representation that embodies not drdyitem information, but also the context
information and the accompanied link or associafidrus, the neocortical representation may
involve item, context, and a unique blending ofiteen and context, or ensemble information, as
conceptualized by Murnane et al. (1999). Each e$¢hpieces of information is likely stored in a
different sensory-specific brain region; for examph my study, the item (word) information was
likely stored in the visual word form area, the e (face) information in the fusiform face area,
and the association, which is likely semantic iturg, in the lateral temporal lobe (shown to be

related to semantic processing, e.g., Vandenbeagale, 1996). Thus, the lateral temporal lobe
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activation found in the fMRI experiment in Chapfemay have represented the ensemble information
reactivated at retrieval. The reactivation of thesesory-specific brain regions may thus leads to a
vivid, context-rich, memory (see Figure 10). Asatésed in the model (Moscovitch & Umilta, 1990,
1991), the MTL/H complex acts as an index, or girtio these representations (also see Damasio,
1989 and Alvarez & Squire, 1994, who also propatiffdrent cortical storage for different types of
information).

However, as demonstrated by the experiment in @hdpthe precise role, or roles, of the
hippocampus is in need of further specificatione Filppocampus has been implicated in recollection
(Yonelinas et al., 2002; 2005), source retrievar(&no et al., 2002), and in indexing the vividnafss
the memory (Gilboa, Winocur, Grady, Hevenor, & Mogitch, 2004). Whether these findings can be
unified under a single process (i.e., the indexihthe memory trace), or whether it is best to gpec
multiple functions (i.e., the hippocampus indexXesdubjective experience, the amount of source
retrieval, and the richness of re-experiencinguisently under debate.

In any comprehensive memory model, one must alesider the roles of the frontal and
parietal cortices. Imaging studies repeatedly shctivation in these two brain regions during
memory retrieval (Fletcher & Henson, 2001; Rugge®t& Henson, 2002) and, in our review of
fMRI data (Skinner & Fernandes, 2007), both thetiaband parietal lobes showed differential
recruitment during recollection and familiarity. Aescribed in the introduction to Chapter 4, the
frontal lobes are believed to subserve control ggses relating to memory. Theorists have posited
various retrieval roles for the frontal lobe. Faample, Tulving et al. (1994) suggested that the
frontal lobe is involved in the establishment at&rieval mode, whereas Henson et al. (1999) have
suggested a role in monitoring and verificationgeisses. Further research suggests that different
regions of the frontal lobe mediate distinct fuont. For example, Fletcher and Henson (2001) have

attributed updating and maintenance processespuiation and monitoring of information, and
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selection of correct memory responses to the vianal, dorsolateral, and anterior PFC,
respectively (for additional theories see Moscdv&cWinocur, 2002; Shallice, 2002). In our review
(Skinner & Fernandes, 2007), we showed that, atthaight dorsolateral prefrontal regions were
recruited for both recollection and familiaritycodlection was associated with additional actiwity
bilateral anterior and superior frontal regions. $Uggested that these activations were related to
attentional shifts and the successful retrievalarftextual details. Regardless of the specificsrole
assigned to the prefrontal cortex, the literatndidates that familiarity and recollection reciuith
similar and different frontal regions, suggestihgttthese processes recruit both common and unique
brain regions during retrieval.

There is an increasing interest in the role oftheetal cortex in memory processing, though
the functional contribution of the parietal cortexmemory retrieval is currently under debate.un o
review article (Skinner & Fernandes, 2007), ounysia revealed a division in the superior and
inferior parietal lobes, in that the former wasagsated with both recollection and familiarity atne
latter was associated only with recollection. Rétleeoretical developments have identified similar
divisions in the functional processing of the pelidobe. For example, Vilberg and Rugg (2008)
have replicated the findings of our review, andgasged that the superior region plays a broadimole
identifying task-relevant events, whereas the infaegion is tied specifically to successful
recollection and forms part of the episodic buffescribed in Baddeley's (2000) working memory
model. Alternatively, Cabeza (2008) has proposeditial process attentional hypothesis, suggesting
that the dorsal parietal cortex contributes todopm attentional processes guided by retrievalgjoal
whereas the ventral parietal cortex supports betiprattentional processes captured by retrieval
output. In a review, Ciaramelli, Grady, and Mostdvi(2008) have also proposed the “attention to
memory” hypothesis. They suggest that the suppradetal cortex is involved in the voluntary

allocation of attentional resources during memetyieval (top-down) whereas the inferior parietal

14C



cortex is involved in the more automatic capturatténtional resources by the contents retrieved
from memory (bottom-up). Thus, while the specifiadtions of the parietal lobe vary between
theories, all propose different functions for thperior and inferior regions of the parietal lolnel a
suggest that a unique parietal function, suppdstethe inferior parietal lobe, contributes to
recollection.

While the specific roles of the frontal and paaiddbbes during recollection have not yet been
elucidated, they are included in my model undetbttoad terms ‘control’ and 'attention’. These terms
are meant to reflect the notion that these braiiores contribute to retrieval by guiding the
reactivation process, the frontal lobes throughegaircontrol processes (e.g., retrieval mode,
monitoring, etc.) and the parietal lobes throughegal attentional processes (attentional allocation
search processes, etc). As shown in Figure 10e fhregesses are believed to interact with one
another (as in Ciaramelli et al., 2008), and cbote to the frontal-parietal-medial temporal retaie

network outlined in Skinner and Fernandes (2007).
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Figure 10. Hypothetical depiction of recollection. The medial temporal lobe acts as a
pointer, or index, at retrieval, reactivating item, context, and ensemble information to
develop a detailed, cohesive, memory trace. The frontal and parietal lobes guide this
reactivation process, mediating general control and attentional processes. FC = frontal
cortex; FFA = fusiform face area; LTC = lateral temporal cortex; MTL = medial temporal
lobe; PC = parietal cortex; WFA = word form area.

An important theoretical question to consider isthier it is necessary to hypothesize the
development of ensemble information or whetherctirecept of item-context binding alone can
account for the findings. The concept of ensemtitfierination is believed to be different from
previous notions of item-context binding. Wherees/jpus theories have suggested that context
information can affect the processing of item infation, ensemble information is believed to be

distinct from either the context or the item, iattit contains the item and context integrated mto
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new piece of information, created by the partictpMurnane et al. (1999) suggest that participants
can use context information high in meaningful eoto elaborate upon the to-be-remembered item,
which integrates item and context into ensemblermétion.

Following Murnane et al. (1999), | suggest thatgpecification of ensemble information can
inform our understanding of memory in two waysskEiit conceptualizes the association between the
item and context, whether it involves semantic,fgeral, or perceptual features, as a unique piece of
information. One can conceptualize an item (word) a context (face) by themselves, but one can
also understand the ensemble (which contains gwcidion) as another piece of information stored
in memory. Only when these three pieces of infolmnatonverge will recollection occur. Second, in
the preceding paragraphs | have suggested thand®mble information may contain distinct neural
correlates from the item and context informationsidered alone. This suggestion is somewhat
similar to the Binding of Iltem and Context (BIC) dab developed by Diana, Yonelinas, and
Ranganath (2007), which suggests that the retrzhiédm, context, and item-in-context (i.e.,
ensemble) information involve three distinct neuwegjions, the rhinal, parahippocampal, and
hippocampal cortices, respectively. As an extensiddiana et al. (2007), | suggest that the
reactivation of context, item, and ensemble infdiomg mediated by the medial temporal lobe, occur
in sensory-specific brain regions. For examplanifassociation contains semantic information, it
might be stored in the lateral temporal lobe, whsthe parahippocampal place area may be recruited
if the association involves a specific location. iWlsuch associations may involve a network ofrbrai
regions, if, as | have suggested, the associatinrbe reactivated, it is more easily conceptualaed
a unique piece of information, rather than an alesiink that exists between two pieces of
information (i.e., it is distinct from the item andntext considered alone). For example, fMRI gtsidi
in the future may be able to specify which braigisas will be reactivated at retrieval depending on

the type of ensemble information predicted to bestiped.
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5.3 Single and Dual Process Theories Revisited

This thesis has worked from a dual process pelispettowever, many theorists promote
single process models of recognition memory (sesp 1). Since the debate between single and
dual process models of recognition memory is famfresolved, | now discuss how the results might
be interpreted using a single-process, as comparadual-process, model.

In the majority of the experiments reported in Gkep?2 and 3, overall memory performance
was found to show similar effects of study coneexthose found for recollection performance.
Specifically, recognition memory was higher for d®sistudied with faces than words studied with
scrambled faces or inverted faces, and age-reddtects of context were found in both overall
recognition and recollection performance. Howewgerall recognition performance was not higher
for words studied with faces as compared to no e{aihough there is a non-significant trend iis thi
direction). Experiment 2, which compared memonyfqrenance for words studied with faces and no
image, was one of the most important experimentisigthesis, because it tested the claim that
meaningful context improves memory. For individualso promote a single-process model, or who
do not accept Remember judgments as a pure meafswepllection, this is a problematic finding.

However, a dual process perspective would nottfirgipattern problematic. Dual process
theorists would suggest that, if study contextaffen recognition performance are specific to
recollection, combining both Remember and Know oesps simply ‘waters down’ the effect. |
suggest that, even if Remember responses are ot#g® pure, the findings demonstrate that context
information high in meaningful content providedsaidy benefits memory for those items in which
participants report a context-rich memory.

With respect to the neuroimaging data present&kperiment 7, if a single-process
perspective were used to interpret the findings résults would suggest that sensory-specific

reactivation occurs during retrieval, rather thaakethe claim that sensory-specific reactivation is
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selective to recollection. However, whereas higiwivation in the fusiform gyrus was found for
Remember responses given to words studied witls faseompared to scrambled faces in both a
whole-brain and ROI analysis, no such activatios feand when Know responses were contrasted.
This finding suggests that Remember and Know resgmdo differ both subjectively and neurally.
Given that there are some theorists who arguelibaemember-know paradigm is not process pure
(Wais et al., 2008), it is possible that futuredéts using confidence ratings can continue to egplo
whether sensory-specific reactivation is selediiveecollection. For example, following from
previous work (Daselaar et al., 2006; Montaldilet2006), sensory-specific reactivation should be
associated with a steep increase in activatiam freedium to high confidence ratings (indexing
recollection), rather than be associated with adsténcrease inactivation from low to high
confidence ratings (indexing familiarity).

In summary, regardless of the perspective adofitedindings do demonstrate that context
information provided at study can affect recogmitinemory performance and change the brain
regions sub-serving retrieval. Specifically, théadshow that recognition performance is higher for
words studied with context information high vergms in meaningful content, specifically for those
items in which participants report a context-ricemory, that older adults show such benefits only
when instructed to engage in item-context integraéit encoding, and that these memory benefits

involves the reactivation of sensory-specific braigions at retrieval.

5.4 Future Studies Examining Context Benefits on Re  collection

While this thesis makes useful strides in our ust@eding of how context information
provided at study affects memory performance oh bwod neural and cognitive level, future work is
needed to continue to specify the cognitive andalgarocesses involved in the encoding and
retrieval of context information, and how the pragséion of context information affects memory

performance. Our lab is currently involved in feasearch projects to help shed light on thesesssue
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First, we are examining whether differences in dpfgprocessing in younger and older adults can
account for the age-related deficits in the bindihigem-context pairs observed in Experiment 5.
Specifically, we are testing younger and older tdnl the same paradigm as Experiment 5, but are
giving the older adults additional time at encodiagntegrate the item and context pairs. | believe
that older adults suffer from additional deficitsome and beyond a slowing in processing speed so, i
the ADH is correct, older adults should continushiow equivalent memory performance for words
studied with context information high and low inanéngful content.

In a related line, it is important to examine wiegtthe age-related effects found in
Experiment 5 are mediated by feelings of anxietyNilsson, and Wu (2004) found that older adults
with higher anxiety levels showed lower memory parfance, and that this relation was stronger for
source, than item, recall. Given that older adulésy experience greater anxiety when performing
lab-based memory tasks (due to stresses from bregngunfamiliar environment, tested at
suboptimal times of day, concern about memory perdmce, etc.) than younger adults, it is
important to determine whether this variable int&savith participants' ability to integrate itemdan
context information, and to have subsequent rectidies. For example, it is currently unknown
whether testing older adults in their home may lealpe older adults’ anxiety and increase their
memory performance.

Second, we are examining whether older adultsshitw recollection benefits when
meaningful context information is provided at stuftihey are exposed to more familiar contextual
stimuli. For example, Wright and Stroud (2002) halkiewn that participants are better at lineup
witness identification accuracy if the people ia timeup are the same age as the participant: Yaung
participants are better at identifying younger ctdpwhereas older adults are better at identifyin
older culprits. This has led researchers to sugbasthere is an own-age bias in facial recognitio

In Experiments 5 and 6, younger and older aduligpants were asked to study words presented
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with face contexts of younger adults (all face slimvere in the age range of 25-40 years). We are
currently examining whether older adults show rectilon benefits when the faces provided at study
are from the same age group as the participaatddr adults do show an own-age bias, it is possibl
that presenting older faces (age range 60-80)easahtext information provided at study will

improve subsequent recollection of target wordsldler adult participants.

Third, we are testing how the affective valencéhefcontext information provided at study
affects later item recollection in younger and olagults. Studies with younger adults demonstrate
that they often have enhanced memory for negativaignced materials (e.g., Oshner, 2000). In
contrast, older adults often show increased metfooryositively valenced materials (e.g., Charles,
Mather, & Carstensen, 2003). It is believed th#fedénces in attention to and perception of stimuli
may produce these emotional enhancement effectss{i@ahson, 1992). We have hypothesized that
changing the emotional valence of the context mfttion provided at study may influence memory
for target words. In particular, we expect thatryger adults will be more likely to recollect items
presented with negatively valenced context inforomeat study, and that older adults, who generally
fail to show a recollection benefit when meaningfoihtext information is provided at study, will
show a benefit when the context information is sl valenced. Preliminary analyses indicate that
younger adults show a recollection benefit whetupés, as compared to scrambled pictures, are
presented with words at study, regardless of tfeztafe valence. In contrast, older adults appear t
show a recollection benefit when neutrally or gesly valenced, as compared to negatively
valenced, or scrambled pictures are presentedwdtts at study. Thus, context effects on
recollection performance may depend on the cugeals and social needs of the participants. In a
related theme, we are also interested in examinimgther changes in the relevance of the context
information affect subsequent item recollectiordédladults have been shown to have similar

memory performance to young when the stimuli arsgally relevant (Davidson, Cook, & Glisky,
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2006), and personal relevance may reduce agedaldferences in memory performance for
affective information (Tomaszczyk, Fernandes, & Memd, 2008). Thus, older adults may show
recollection benefits when context information highpersonal relevance is provided at study.
Fourth, we are currently attempting to find a deuthissociation with respect to the sensory-
specific brain regions reactivated when meaningfuitext information is provided at study. In a pilo
study, we asked younger adult participants to stwkgls presented with pictures of faces, tools, or
scrambled images, and then to perform a remembms-kask on the words presented alone. Since
the processing of faces and tools has been shoaatit@te specific regions of the fusiform cortex
(Chao, Haxby, & Martin, 1999; Kanwisher et al. 199¥e expected to show a double dissociation of
sensory-specific reactivation. That is, activaiiothe lateral fusiform gyrus activated during the
processing of faces should be higher for Remendsgronses given to words studied with faces as
compared to scrambled faces, but not for Remenasponses given to words studied with tools as
compared to scrambled tools. In contrast, activaticthe medial fusiform gyrus activated during the
processing of tools, should be higher for Rememégronses given to words studied with tools as
compared to scrambled tools, but not for Rememdgmgranses given to words studied with faces as
compared to scrambled faces. This would providmgter evidence that recollection of context
information involves the reactivation of the seysgpecific brain regions originally used to process
that context information. However, preliminary dateow that recollection for words studied with
tools is similar to that of scrambled images, sgtjgg that participants have difficulty binding wdor
and tool information at study. It is possible teame of the tools (for example, club hammer) were
too unfamiliar for some of the participants to elaie specific links or associations between tma it
and word. We are in the process of trying to findther form of contextual stimuli that will show a

recollection benefit similar to faces to test tmgothesis.
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5.5 Summary and Conclusions

In summary, this thesis examined how context infdfam provided at study, but absent at
retrieval, influenced recognition memory performaiat a cognitive, age-related, and neural level.
The results suggest that recollection benefits whsumal context information high in meaningful
content accompanies study words, and that thisfibénaot related to the novelty of the context.
Although older adults did not spontaneously endgadbe processes required to boost recollection
when visual context information high in meaningfohtent was provided at study, instructional
manipulation to bind item and context during enogdiessened this deficit. Neuroimaging findings
additionally suggest that providing visual conteXformation high in meaningful content changes the
pattern of recollection responses on a recognttisk, and that sensory-specific reactivation iatesl
to recollection benefits for words studied with miegful context information.

| suggest that participants use elaborative presessencoding that integrate item and
meaningful context information into ensemble infatian. The development of ensemble
information, a unique integration of item and cahténcreases subsequent recollection. Individual
differences in the ability to engage in such elabiee processes (e.g., age) predict the presence of
such recollection benefits. In addition, conteghriecollection is associated with the reactivatbn
sensory-specific brain regions, and the extenhisfreactivation is related to recollection bersefitr
words studied with meaningful context informatidiaken together, the work suggests that, when
meaningful contexts are provided at encoding, gipeints engage in elaborative processes that bind
item and context information into ensemble inforioratleading to increased recollection and

sensory-specific reactivation at retrieval.
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