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Abstract

Individuals with schizophrenia demonstrate cognitive deficits in a number of
domains, including episodic memory (EM). Memory for both individual items and
associations between items is impaired in schizophrenia, with some indicatioroos a
severe deficit in associative memory. Furthermore, such memory impasrhae been
consistently linked with abnormalities in brain activation during both encoding and
retrieval. However, certain experimental manipulations at the encodingteadale
stages of EM significantly benefit memory performance in schizophsarggesting that
a strategic processing deficit may underlie memory impairment incgaiimenia.
Additionally, the provision of beneficial encoding strategies increases eneaedited
brain activity in key memory processing regions in schizophrenia partisj@titough
such manipulations have not yet been tested in participants with schizophrenia during
retrieval. The goal of the current study was to examine the impact of eneoding
retrieval strategies on associative memory function and brain activithizopbrenia.
Behavioral and functional neuroimaging data were collected from 23 DSM-iMakad
participants with schizophrenia and 24 demographically equivalent comparisonsubject
while performing associative memory encoding and recall tasks in thedééRner.
Two factors of interest were manipulated and studied: 1) orientation to thetgema
relatedness of associative pairs; and 2) provision of memory cues at subsecglent r
Behaviorally, schizophrenia participants (like controls) demonstrated segmtiimemory
benefits from both the provision of support for effective encoding (orientation to
semantic relatedness) and retrieval strategies (provision of meoes)y tn addition,

support for the use of an effective encoding strategy was also associatetwreased



brain activity in a variety of brain areas in schizophrenia participants, vehtieea
manipulation of retrieval strategies did not serve to increase retredagdd brain

activity among individuals with schizophrenia. Lastly, both groups showed sigmifica
associations between inherent semantic processing ability and episodicymem
performance. Schizophrenia participants also demonstrated significariaiess
between semantic processing ability and semantic encoding-relateddinatiy en
prefrontal cortex, whereas controls did not show any such relationships. Ohesal, t
findings suggest that memory performance in schizophrenia can be improved via
manipulations at the encoding and retrieval stages, and that brain activity enbatsce
are observed under supportive encoding conditions as well. These data also provide
evidence that individual differences in cognitive abilities among individuigits
schizophrenia can significantly affect behavioral and neurobiological respimnse
strategic memory interventions. Finally, the current findings suggeshthaiduals with
schizophrenia and healthy individuals rely on partially overlapping networks of brain
regions to support EM processes under supportive conditions. Although certain deficits in
memory performance and brain activation persist, it is clear that orentat
advantageous memory strategies can partially ameliorate EM functangandividuals

with schizophrenia.
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Chapter 1: Introduction and Overview

Schizophrenia is a neuropsychiatric disease that is characterized byngprofou
impairments in a number of cognitive abilities. Among these, deficégisodic memory
(EM) function are some of the most salient. Episodic memory is a past-orieteokyn
system, likely unique to humans, which allows for mental time travel and supports
memory for unique events (Tulving, 2002). As such, EM encompassegdnothemory
(memory for individual items) analssociative memory (memory for associations between
items). Individuals with schizophrenia demonstrate deficits in both forms of peRaor
example, significantly lower recognition and recall rates of individualsteave been
found for participants with schizophrenia, as compared to healthy control parscipant
(Barchet al., 2002; J. M. Goldt al., 1992; Hazletet al., 2000; Jessest al., 2003).

Others have reported impaired performance on associative memory taskipguas
with schizophrenia, relative to controls (Bazin & Perruchet, 1996; Daign 1999;
Elvevaget al., 2000; Waterst al., 2004).

EM deficits found in schizophrenia may be related, at least in part, to memory
strategy deficits at the encoding and retrieval stages. For exampleduads with
schizophrenia fail to encode stimuli as deeply as controls and are lessdigelyetrate
effective strategies to learn new information (Brelebal., 1997; Iddoret al., 1998).
Individuals with schizophrenia also fail to benefit from commonalities among to-be-
learned material (such as semantic relatedness) in order tafaddarning (Hazlett et
al., 2000; Noharat al., 2000). Thus, there is convincing evidence that strategy deficits

and memory impairments are linked to some degree in schizophrenia.



Importantly, however, studies that have constrained encoding strategy use or
provided advantageous schemas at encoding have shown that participants with
schizophrenia show memory benefits from such interventions. For example, studies tha
have utilized the levels-of-processing paradigm (Craik & Lockhart, 1972) in
schizophrenia have shown that members of this group recognize words that have been
processed “deeply” significantly better than those they have processéshadlaw”
manner (Bonner-Jacksenal., 2005; Kubickiet al., 2003; Paukt al., 2005; Raglanét
al., 2005; Raglanét al., 2003). Such evidence indicates that memory dysfunction in
schizophrenia may be related to an underlying impairment in strategic memory
processing, rather than being a permanent fixture of the disease. Of nateehasvthe
finding that although such encoding manipulations benefit individuals with
schizophrenia, they do not fully “normalize” memory performance. This may be
attributable to the fact that participants with schizophrenia are not typpralided with
an effective strategy or framework with which to retrieve information. Theref
supportive conditions at both the encoding and retrieval stages may be required in order
for memory performance in individuals with schizophrenia to be equivalent to that of
control participants. Indeed, the presence of support or cues at retrielsakenashown
to profoundly influence retrieval success in schizophrenia (Sengel & Lovallo,.1983)
Thus, it may be possible to equate memory performance in control and schizophrenia
subjects using beneficial techniques at both of these crucial processing stages

In addition to numerous behavioral studies that have identified EM deficits in
schizophrenia, functional neuroimaging studies of memory processing in schizaphre

have consistently identified abnormal activation patterns in a number of cartctal



subcortical regions (Barch et al., 2002; Hecletid., 1998; Hofert al., 2003a; Ragland
et al., 2004), including prefrontal cortex (PFC), which is thought to govern the generation
and application of memory strategies, and parts of medial temporal lobe (MAith is
also crucial for EM function. The deficits observed in frontal cortex function may b
related to the strategic impairments that have been found in participants with
schizophrenia. Neuroimaging studies in participants with schizophrenia haveteoihgi
identified cortical activation impairments in PFC during verbal item engo@Hoferet

al., 2003b; Kubicki et al., 2003; Raglaetal., 2001; Rubin, 1998). Furthermore, even
when beneficial strategies are provided at encoding, participants with scleziapsinow
dysregulation of activity in PFC and hippocampal regions during verbal iteeves,

with greater than normal PFC activity combined with underactivation of hippocampus
(Heckers et al., 1998; A. P. Weigsal., 2003). Given that strategic deficits likely
underlie some of the activation deficits observed in schizophrenia, it is possilifeethat
provision of beneficial memory strategies during both the encoding and rettsyes s
would promote brain activity in prefrontal and hippocampal structures closelybiasgm
that of control participants.

Although there have been numerous functional neuroimaging studies of item
memory in schizophrenia, few imaging studies investigating associatimemén
schizophrenia exist. However, results of certain behavioral studies may altowdnasv
preliminary conclusions regarding brain function in individuals with schizophrenia
during associative memory paradigms. For example, a key component o&tgsoci
memory organization, callddansitive inference, is impaired in individuals with

schizophrenia (Titonet al., 2004) and is associated with activity in medial temporal lobe



(Heckers & Titone, 2005). Furthermore, individuals with schizophrenia are irdpaire
other tasks that strongly rely on the integrity of medial temporal lobe regnahsding
tests of binding and memory for context (Waters et al., 2004). Because successful
associative encoding is hypothesized to require modulation of both hippocampal and
prefrontal cortex structures, impaired item and associative memory téskpaice in
schizophrenia may be related to dysfunction in these critical brain structures.

While most neuroimaging research of memory in schizophrenia has found
impaired memory function in combination with abnormal patterns of brain activation,
experimental interventions at the encoding stage can improve task perfoamdnce
normalize brain activity (Bonner-Jackson et al., 2005; Ragland et al., 2005). Farderm
constraining encoding processes during associative memory tasks mayhkre s
effects on behavior and brain activity. Although such interventions have beed caitrie
in studies of item memory, to our knowledge there have been no such studies of brain
activity during associative memory encoding in schizophrenia. The cuneyt st
examined encoding of paired associates (words and scenes) using funciignation
resonance imaging. The factors under study were the effects of orientatiomatttise
relatedness of word-scene pairs and the presence of retrieval cuss@ata® memory
success and associative memory-related brain activity in schizophreeigo@l of the
proposed research was to test the hypothesis that associative memory function in
individuals with schizophrenia can be improved both by the provision of effective
encoding strategies and by the support of effective retrieval seatétpwever, it was
hypothesized that memory performance of schizophrenia participants would only be

equivalent to that of controls when both types of support were provided. A second goal of



the proposed research was to test the hypothesis that individuals with schizophrenia
would show brain activity equivalent to that of controls during associative egcaiich
retrieval of word-scene pairs when beneficial encoding strategiestmsyal cues were
provided.

Chapter 2: General Review of the Literature:

Episodic Memory, Memory Strateqy Use, and Functional Neuroimaging Studies

| will review the published literature in the areas relevant to thisngsea
episodic memory, effect of memory strategies, and functional neuroimstgitigs of
episodic memory. This review will include empirical studies in these rdsdamains
related to participants with schizophrenia as well as healthy control populatahs
divide the review into research covering two domains — 1) episodic memory deficits i
individuals with schizophrenia; and 2) findings from functional neuroimaging studies of
individuals with schizophrenia. Within each section, | will examine findingdeaelto
episodic memory encoding, storage, and retrieval, including patterns of memory
performance and brain activity impairment typically observed in schizoph@nhivell as
factors that contribute to improvements in behavior or more “normalized” pattierns
brain activity.

Episodic Memory Deficitsin Schizophrenia

As described abovepisodic memory (EM) is a past-oriented memory system,
likely unique to humans, which allows for mental time travel and supports memory for
unique events (Tulving, 2002). EM has typically been categorized as one elenment of t
declarative memory system and is posited to represent a memory systeat filst

that ofsemantic memory, which refers to knowledge of facts or concepts. Episodic



memory has typically been divided into three separable stages: encoding,, stodage
retrieval.Encoding refers to the initial learning stage of memory, in which information or
knowledge is acquired@orage refers to the maintenance of information over time.
Retrieval refers to the process of accessing stored information. Empirical itessaEM
has utilized a wide variety of memory measures (e.g., recognition, fiede ceed recall)
and stimuli in a number of different domains (e.g., words, faces, sounds, complex
scenes).

General evidence for the presence of EM deficits in schizophrenia. Individuals
with schizophrenia perform poorly on tests of EM function (Alemtaat., 1999;
Fioravantiet al., 2005; Heinrichs & Zakzanis, 1998). Although there is some degree of
variability between studies, the majority of research suggests at leasiesate EM
impairment in individuals with schizophrenia. For example, a meta-analysis of 70
memory studies conducted by Aleman and colleagues detected a large edféat siz
verbal recall (d = 1.20) and a moderate effect size (d = 0.61) for verbal reaogniti
performance in schizophrenia participants, as compared to healthy conteoha(ét
al., 1999). Another meta-analysis of 113 studies by Fioravanti and co-workers found a
standard mean difference (SMD) of 1.18 between control and schizophrenia participants
on measures of memory (Fioravagital., 2005). Finally, Heinrichs and Zakzanis (1998)
reviewed 204 studies that compared individuals with schizophrenia to healthy control
participants on a wide range of cognitive variables. The authors reported that globa
verbal memory performance represented the largest difference (aseaag effect
size) between control and schizophrenia participants among all the variadied st

(Heinrichs & Zakzanis, 1998). Large-scale meta-analyses and resielvsas these



suggest that memory deficits are a pervasive feature of the schizopiugnitiyve
profile.

In addition to meta-analyses suggesting that EM function is consistently éghpair
in individuals with schizophrenia, there is also evidence that such deficite(patti
for verbal material) exceed the impairments observed in other cognitivergorfhar
example, a review of 110 studies by Cirillo and Seidman (2003) cited “overwhelming
evidence” of a verbal declarative memory deficit in schizophrenia, and theystemyge
that deficits in verbal memory represent one of the most impaired functions in this
disease (Cirillo & Seidman, 2003). Saykin and colleagues also found evidence for a
selective deficit in verbal learning and memory compared to other cogfuitiggons
among a sample of schizophrenia participants (Sagkah, 1991). Others have reported
substantial memory deficits in individuals with schizophrenia that werendietst to be
disproportionate to intellectual functioning (Egeladl., 2003; McKennaet al., 1990;
Tamlynet al., 1992).

Research designs utilizing unaffected relatives of individuals with schienogh
have also provided evidence of a specific verbal memory deficit in this eliseas
(Sponheimet al., 2004; Toulopouloet al., 2003a; Toulopouloet al., 2003b). For
example, Toulopoulou and colleagues compared schizophrenia participants with their
healthy relatives and control participants on a battery of cognitive mea3$tey found
that individuals with schizophrenia were most impaired on measures of immedizk ve
recall and visual learning and memory. The authors also identified difficuitieserbal

memory and strategy formation in the relatives of schizophrenia partsipac



suggested that a selective deficit in verbal memory may represent a&aigniisk factor
for the development of schizophrenia (Toulopoulou et al., 2003a).

Despite strong evidence to support the notion of a selective deficit in verbal EM
in schizophrenia (relative to deficits observed in other cognitive domains), thatuliee
in this area is not entirely consistent. Specifically, in contrast to thosestudliined
above that have identified selective deficits in verbal learning and memory i
schizophrenia, others have reported more generalized memory impairmenet(all,
1993; Rushet al., 1999). For example, Clare and co-workers (1993) compared
individuals with schizophrenia and healthy comparison subjects on a number of long-
term memory measures using a variety of paradigms. They reported that the
schizophrenia group showed significant deficits on recall of prose materiat/lasw
forced choice recognition of both words and faces (Clare et al., 1993). Rushe and
colleagues (1999) also reported equivalent deficits on measures of verbal and nbn-verba
long term memory, as well as verbal and non-verbal paired associatadeambng a
group of chronic schizophrenia participants (Rushe et al., 1999). Thus, there is not
currently a consensus regarding the relative severity of verbal memuayment and
whether it is selectively impaired relative to other cognitive functions.

Multiple theories exist as to why deficits in verbal EM processing exist
schizophrenia. Below, | present evidence to support three prominent hypotheses
regarding the underlying causes of these deficits: impairments atdbeieg stage,
impairments at the retrieval stage, and impairments in binding and associatngym

processes.
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Evidence for encoding deficits in schizophrenia. One line of evidence regarding
verbal EM deficits in schizophrenia has suggested that such deficits are due to
impairments at the encoding, or initial learning, stage of episodic memonreBef
reviewing empirical work in this area, it is important to note that behaviorakstodli
EM encoding cannot solely implicate faulty encoding operations in the EM defeit
are typically seen among individuals with schizophrenia. It is possible thatdat
other stages (e.g., EM retrieval) contribute to EM dysfunction, and thesesstuelie
unable to dissociate these factors. Therefore, this fact should be considereeWmeevi
the following research that is putatively focused on the encoding stage of EM.

Some empirical studies have addressed verbal encoding processes in
schizophrenia via word list learning paradigms, in which lists of words thatrvary i
semantic relatedness are presented to participants. Encoding ssatdggred based on
the degree to which participants use this semantic relatedness to impadvBredion
et al., 1997; Brebioret al., 2004, Iddoret al., 1998; Karekeret al., 1996; Koh, 1978;
Traupmann, 1980). For example, using word lists varying in semantic relatedness and
typicality of exemplars, Brebion and colleagues (2004) found evidence for reduced
semantic organization at recall in individuals with schizophrenia, which was
hypothesized to reflect a decreased tendency to use inherent semaititstgaamong
to-be-learned items to improve encoding success. The authors also stadediha
reduced organization makes a significant contribution to verbal memory defteits
observed in schizophrenia and may be linked to DLPFC pathology in this group (Brebion
et al., 2004). Work by Iddon and co-workers (1998) found that individuals with

schizophrenia were significantly impaired in their ability to spontaneoesigrgte
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memory strategies for both visuospatial and verbal memory tasks, with evideace f
disproportionate impairment on the verbal strategy task. As a result, verbarynem
scores in the schizophrenia participants were significantly lower than iontrelaggroup
(Iddon et al., 1998). A series of studies conducted by Koh (1978) determined that
individuals with schizophrenia have difficulty in remembering various types bélver
material, including unrelated word lists and affective word lists, which couldrballya
attributed to the inefficiency of mnemonic organization on the part of individuals with
schizophrenia (Koh, 1978). Russell and colleagues (1975) found that individuals with
schizophrenia were unable to use inherent stimulus characteristics to increase
performance. In their study, schizophrenia participants, unlike controls, did not show
memory benefits for high-association word pairs, relative to low-asgoc@airs. The
authors concluded that a failure to effectively organize information at tloeiegcstage
contributed to these findings (Russglal., 1975). Taken together, this group of studies
provides ample evidence to support the notion of semantic organization and encoding
strategy deficits during verbal learning paradigms in schizophrenia.

Other studies of encoding strategy and semantic organization in schizophrenia
have relied on card sorting tasks, in which participants are given note ctragonds
printed on them and are asked to sort them into subjectively-defined categarsen (&
Fromholt, 1976; Russell & Beekhuis, 1976). Russell and Beekhuis (1976) reported results
of a study in which participants with schizophrenia and healthy controls were asked to
sort cards into self-defined categories, followed by a free recalllfestauthors found
that the schizophrenia group showed significantly worse free recall parfoenthan

controls following the sorting task. Clustered recall, as measured by bothwebjec
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category group membership and subjective sorting, was also substantiallyednpair
schizophrenia participants (Russell & Beekhuis, 1976). Thus, deficits in semantic

organization at the time of encoding are tied to recall deficits in schizophrenia.

Encoding deficits among individuals with schizophrenia have also been linked to
deficits inbinding, or associative memory, which is thought to involve the integration of
various components of an event into a cohesive whole. Many aspects of memory function
rely on efficient binding of elements together during encoding and theyabilit
successfully retrieve those elements at a later time.

Binding in schizophrenia has been assessed in a variety of ways. A common
practice is to utilize tests that meastransitive inference (TI), which refers to the ability
to learn and infer relationships among items. Individuals with schizophreniallypica
demonstrate significant difficulties in correctly inferring redag between novel pairings
of previously-seen items, often with normal or near normal memory for previously-
presented pairs (Hanlabal., 2005; Heckers & Titone, 2005; Ongaral., 2005; Titone
et al., 2004), although others have found deficits in recognition of previously-seen paired
associates as well (Raglaeidal., 1998). In one study of Tl in schizophrenia, Titone and
colleagues (2004) trained control and schizophrenia participants on a series of
hierarchically organized discriminations (A > B, B > C, etc.), using attsthapes as
stimuli, and then tested subjects on previously seen training pairs and novel inference
pairs. While participants with schizophrenia correctly responded to the trainisgapdi
the novel pairs not requiring inference, they were significantly poorer in respoading t
novel relational pairs requiring inferential reasoning, implicatingicglal memory

organization processes (Titone et al., 2004).

13



Deficits in the use of contextual information to successfully bind information
together have also been suggested to play a role in EM impairments in schizophrenia
(Waterset al., 2004). In these studies, individuals with schizophrenia have shown
impairments in identifying the source and temporal context in which events took place
Others have reported intact use of contextual information in schizophrenia patsicipa
and have instead attributed associative memory deficits to faulty encodirgtrieval
processes (Bazin & Perruchet, 1996). Previous work has also examined interferenc
effects on associative memory in individuals with schizophrenia (Elvehag 2000;
Lepageet al., 2005; O'Carroll, 1995). Elvevag and co-workers, for example, found that
schizophrenia participants were not significantly more susceptible tceirgece effects
from previously-learned information than control participants, potentially beadus
poorer memory for previously-learned information (Elvevag et al., 2000). begrady
colleagues (2005) reported similar findings, attributing non-significagtference
effects among schizophrenia participants to impairments in associativerynem
functioning (Lepage et al., 2005). Further investigation has attributed associatioeymem
difficulties in schizophrenia to patterns of “non-selective learning,frefgto the
inability of individuals with schizophrenia in learning to utilize contextual eunesother
variables effectively in order to improve memory (Kopp & Reischies, 2000).

Finally, there are indications that impairments in associative memoegéx
those observed on tests of item memory. For example, a meta-analysisumfi@s st
recognition memory conducted by Achim and Lepage concluded that associative
recognition was significantly impaired in schizophrenia relative to itemgration. The

authors hypothesized that, while item recognition can be performed on the basis of

14



familiarity, associative recognition requires conscious recollection hwhicnpaired in
schizophrenia (Achim & Lepage, 2003). A study by the same group (Lepalge2006)
confirmed these results, reporting no difference in item recognition betwagénols and
schizophrenia participants but significantly lower associative recogmgrformance in
the schizophrenia group. One potential confound of such a contrast relates to the
differences in task difficulty and discriminating power of each type ohong test.
Certain psychological measures are thought to be more sensitive to cogmitarement
than other measures, making comparisons between the two types of measgres risk
(Chapman & Chapman, 1978). Thus, this set of findings must be interpreted with caution.
Given the numerous reports of encoding strategy and semantic organization
deficits and their effects on memory performance in schizophrenia, treebedia some
effort to explain why such impairments are present. Difficulties in apglyinemonic
strategies are often hypothesized to underlie memory deficits in schizaptirelhowing
an extensive battery of cognitive tests given to schizophrenia participantsrdarals;
Hutton and co-workers (1998) found that the schizophrenia group consistently showed
deficits in organization, planning, and strategy use (Huwdtah, 1998). Kay (1982) has
hypothesized that individuals with schizophrenia may be more orienteddalitnee of
to-be-remembered words, rather than to their semantic properties, renderirigshem
likely to use the inherent relationships among words to boost recall perfor(Kayce
1982). Other work (Stonet al., 1998) has reported that decreased working memory
capacity is related to deficits observed in long term strategic memooymarice in
individuals with schizophrenia, whereas Brebion et al. (2000) have suggested thist defi

in deep encoding ability and semantic organization in schizophrenia are related t

15



processing speed impairments (Brebebal., 2000). Thus, there are likely multiple
mechanisms related to encoding strategy impairments and memory dysfuncti

schizophrenia.

Although there is evidence for verbal memory impairments in schizophrenia, such
impairments may be somewhat alleviated through improved encoding conditioans (
et al., 2000; J. M. Golett al., 1992; McClain, 1983), further supporting the hypothesis of
faulty encoding strategies in schizophrenia. For example, Gold and co-workers (1992)
tested schizophrenia participants and healthy comparison subjects on recall and
recognition memory following the presentation of word lists that varied in semant
relatedness and organization (i.e., blocked vs. non-blocked). They found that individuals
with schizophrenia showed a lower probability of recall during a freel tessl although
they did show significant memory benefits following the blocked presentation of words
suggesting the ability to benefit from supportive encoding conditions (J. M. Gdld et a
1992). A similar finding was reported by McClain (1983), who found that under
unsupported memory conditions (no encoding or retrieval cues), schizophrenia
participants showed significantly worse word recall than controls. Follovaogdeng
cues (blocking), recall in the schizophrenia group showed improvement, suggjesting
although individuals with schizophrenia typically do not spontaneously adopt encoding
strategies, they can benefit from them when they are provided (McClain, 1983). Taken
together, these results suggest that memory deficits in schizophrenia ianenntdble
and can be modified under advantageous encoding conditions.

As the above research suggests, helpful encoding manipulations (such as blocked

stimulus presentation) have proven useful in boosting subsequent memory performance
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among individuals with schizophrenia. More recent work has investigated the effects of
other types of encoding manipulations on schizophrenia participants. One influential
theory of episodic memory states that in general, information that is procesiseed m
“deeply” or meaningfully at the time of initial learning is more likely torbieved than
information processed in a “shallow” or superficial manner (Craik & Lotkh872).

This phenomenon is known as lleeel s-of-processing (LOP) effect and posits that the
operations carried out at the time of initial learning are the key factor tleatdets

retention and subsequent retrieval, rather than simply the intention to leain&Crai
Tulving, 1975). This effect has been demonstrated in numerous studies of healthy
subjects using a variety of orienting tasks (Eysenck, 1974; Hyde & Jenkins, 1969, 1973;
Tulving & Madigan, 1970). For example, manipulations that promote semantic or “deep”
processing of verbal stimuli include judgments of “living” (whether word reptese

living or non-living thing), judgments of concreteness (whether word represents an
abstract or concrete entity), and judgments of pleasantness (whether wesasanpbr
unpleasant). In contrast, other orienting tasks emphasize “shallow” orisigberf
processing of words, including alphabetizing decisions (whether first dettestof the

word comes earlier in the alphabet), case decisions (whether word is viritigpercase

or lowercase), and syllable decisions (how many syllables does the wordihsivejld

be noted, however, that although semantic encoding tends to be associated with better
subsequent memory than other types of encoding, studies of transfer appropriate
processing have demonstrated that subsequent memory success is also dependent on the
retrieval context and tasks utilized at retrieval (Moetial., 1977). Therefore, one must

interpret studies of encoding manipulations cautiously and with this cavestad.
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A number of investigators have utilized the LOP paradigm in individuals with
schizophrenia to address questions regarding encoding strategy use in thisquopulat
(Bonner-Jacksost al., 2005; Heckerst al., 1998; Koh & Peterson, 1978; Kubiaiial.,
2003; Paukt al., 2005; Raglandt al., 2006; Raglanét al., 2003; A. P. Weisst al.,

2003). Participants in a study by Koh & Peterson (1978) were constrained to encode
words under four different orienting tasks (letter processing, rhyme grogesategory
processing, sentence processing), and subsequent free recall and mtoepigiwere
administered, which were either expected or unexpected by the participdiisluals
with schizophrenia responded to the LOP manipulation in similar manner as controls and
showed equivalent recognition rates for more deeply encoded words (category and
sentence processing). However, free recall performance remainédatargly lower in
participants with schizophrenia, and being forewarned about a later memaligl test
significantly increase recall performance (Koh & Peterson, 1978). Thsg findings
indicate that: 1) individuals with schizophrenia show behavioral benefits from
advantageous memory strategies implemented at the encoding stage; 2bsetinee of
retrieval cues free recall performance in schizophrenia participdhtemain impaired,
despite the presence of encoding support; and 3) knowledge of a later memory test does
not improve subsequent memory performance in individuals with schizophrenia.
Participants with schizophrenia also show significant recognition berrefits f
deep encoding, relative to shallow encoding. A study conducted by Heckers and
colleagues (1998) investigated memory performance in individuals with schiza@hreni
and healthy comparison subjects following processing of words under “low’ (ecaiht

the number of T-junctions) and “high recall” (count the number of meanings) encoding
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conditions. Results indicated that like controls, participants with schizophreniacshowe
substantially improved memory for words encoded under “high recall” conditi®ns, a
compared to “low recall,” although “high recall” performance in the schizophgroup
remained lower than “high recall” performance in the control group (Heckers et al
1998). It is important to note that, although schizophrenia participants respond positively
to memory manipulations, their memory performance (even for deeply-encodiz) vgor
generally not reported to be equivalent with that of controls. This may indicate that
retrieval cues, in addition to encoding support, are necessary in order for memory
performance in individuals with schizophrenia to equal that of their healthy corgrsl pe
Taken together, these studies demonstrate that individuals with schizophrebéeneét
to a similar degree as controls from advantageous encoding conditions, although such
benefits may be limited to certain tests of memory function (i.e., recognition).

Studies such as those described above raise the question as to whether the
demonstration of intact LOP effects in individuals with schizophrenia represeanisl
or unexpected finding. One could argue that deep encoding manipulations will result in
better subsequent memory in any group of participants, regardless of psychiatric
diagnosis or compromised memory capacity. In this sense, individuals withiarares
the most logical group against which to compare individuals with schizophrenia, as both
groups demonstrate significant deficits in the ability to learn and reealinfiermation.
However, in contrast to research on schizophrenia, studies examining LQPR ieffec
amnestic patients have reported reduced benefits and poorer subsequent mensory in thi
group (relative to controls) following encoding manipulations (Cerehak, 1995;

Hamann & Squire, 1996; Keaeeal., 1997). For example, Keane and colleagues (1997)
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reported impaired explicit memory performance in a group of amnestic patedats/é
to control group) following a levels-of-processing manipulation despite normal priming
in the amnestic group. Others have found that controls show larger LOP effects and
benefit more from a LOP manipulation than amnestic patients (Hamann & SI96)
Another group against which to compare individuals with schizophrenia in
memory performance following encoding manipulations is patients with fraftal |
damage. In contrast to studies of amnestic patients, research on patientsniath f
lesions has demonstrated significant memory benefits following orientatimemeficial
encoding strategies (Gershberg & Shimamura, 1995; Hirst & Volpe, 1988; Intiesa de
Rocchetta & Milner, 1993). For example, Gershberg and Shimamura (1995) repatted t
patients with frontal lobe damage showed significant memory benefits fratagit
instruction and category cues at both study (encoding) and test (retriessd$ pBased
on their findings, the authors suggested that the free recall deficits observed oualdivi
with frontal lesions are due at least in part to deficits in organizatioatégies
(Gershberg & Shimamura, 1995). Other researchers have shown that pattefrisntal
lobe damage perform normally on memory tests when encoding and retriatediss
are provided (Incisa della Rocchetta & Milner, 1993). Unlike patients with simne
therefore, individuals with damage to the frontal lobes show a pattern of memongdefic
that appear to be modifiable through strategic instruction at encoding andatetrtas
pattern appears to be more consistent with data from studies of individuals with
schizophrenia, who are known to have memory impairments as well as deficits ih fronta

lobe function.
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Thus, individuals with schizophrenia have impairments in initial learning and
encoding of information. Furthermore, such deficits are attributable satpadially, to
difficulty in generating and applying mnemonic strategies. However, ibaptieat
provision of such strategies under experimental conditions can alleviate mernaty de
in schizophrenia to some degree, a finding which has been demonstrated in some clinica
populations (e.g., patients with frontal lobe lesions) but not others (e.g., patients with
amnesia).

Evidence for storage deficits in schizophrenia. Based on the above review,
individuals with schizophrenia demonstrate clear impairments in EM encodira ishi
likely one source of EM dysfunction in this group. However, it is possible thattdefici
EM function among individuals with schizophrenia may also be attributable to &iture
memory storage or increased rates of forgetting. It is not possible to exaemnmery
storageper se using only behavioral measures. Rather, storage can only be assessed
indirectly, and it is impossible to disentangle deficits that may arite &torage stage
from those at either the encoding or retrieval stages. Thus, the majoritylofasusing
on this question in schizophrenia has examined rates of forgetting. Some resdaache
assessed forgetting rates in individuals with schizophrenia by comparingtkatpge
of information recalled at immediate recall that can be successfullje@@fter a delay.
Nuyen et al (2005), for example, found evidence of verbal storage deficits ansdng fir
episode schizophrenia patients (Nugeal., 2005), as did Tracy and colleagues (Tracy
et al., 2001). Others (Cirillo & Seidman, 2003) have reported increased rates of forgetting
among schizophrenia participants, although such deficits were mild relativadéo m

pronounced difficulties in other EM domains (e.g., encoding or retrieval). Forgetting
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rates among schizophrenia participants have also been classifieddiséhative to
other neuropsychiatric disorders with memory impairments (Seigh@n 1998).

Overall, however, individuals with schizophrenia do not demonstrate increased
rates of forgetting (Leet al., 2006; Lewis & Kopelman, 1998) or storage deficits
(Brebion et al., 1997; Brebiast al., 2007; Landrcet al., 2001) in EM tasks, despite
showing marked deficits in encoding, retrieval, or memory strategy. Fonohe, it is
conceivable that previous reports of storage deficits in schizophrenia are largely
attributable to more pronounced deficits at the encoding stage. For examplg, laystud
Gold et al. (2000) found that control and schizophrenia participants matched on initial
recall performance had nearly identical delayed recall scores. Hgesta that
individuals with schizophrenia have deficits in initial learning and information
acquisition, rather than storage deficits or abnormally accelerated foggettes (J.M.
Goldet al., 2000).

In summary, individuals with schizophrenia demonstrate impairments in EM
storage and mildly increased rates of forgetting, relative to control ssntjpwever,
such findings are often in the context of more severe deficits observed in encoding or
retrieval. On the whole, the EM deficits that are consistently found in individuthls w
schizophrenia cannot be attributed to impairments in the storage of information.

Evidence for retrieval deficits in schizophrenia. In addition to encoding deficits in
schizophrenia, deficits in EM retrieval also contribute to memory impaigmenltis
group. As mentioned above, encoding and retrieval processes cannot be fully didsocia
using behavioral paradigms, and one cannot assess EM retrieval independent of

encoding. However, researchers have often examined retrieval processazaophrenia
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by manipulating aspects of the retrieval environment, while holding the encamhiext
stable. In this way, the cognitive operations occurring at retrieval can beeffexvely
isolated.

One approach to assessing retrieval deficits in schizophrenia has been tcecompa
schizophrenia participants to controls on tests of free recall, in which previously-
presented information must be retrieved without any external support (Koht&rKay
1974, Sattler & Nordmark, 1971). For example, Koh and Kayton observed significant
free recall impairments in a group of schizophrenia participants, which vixgbetat to
a number of factors, including vulnerability to intrusion and inefficient organization
strategies (Koh & Kayton, 1974). Although these and other studies provide evidence of
impairment in the ability to reliably retrieve information in schizophrethiey are unable
to conclusively implicate retrieval operatigoss se, as opposed to other cognitive
operations involved in EM functioning. For example, encoding or storage deficits could
potentially underlie the inability to remember information as well, rather diféculties
with memory retrieval, and such studies are unable to dissociate thess. factor

An additional method for assessing the integrity of retrieval operations in
schizophrenia is to compare memory accuracy during free recall to acduraay
recognition, usually within the same group of participants. Although factorsd-¢tate
encoding are also involved, individuals who manifest a disproportionate memory benefit
during recognition testing, relative to free recall, are typicallyadtarized as having a
retrieval deficit. The underlying assumption of this method is that the to-be-recalled
information was available in memory, but was not able to be accessed duringdtee rec

due to faulty retrieval operations, whereas in the presence of a salieviatetue during
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recognition testing (i.e., the original stimulus) the information can bevett. However,
a potential confound arises in directly comparing recall and recognitiorgadkise
substantially more difficult and has more discriminating power than recogniti
Additionally, comparisons between the two memory tasks are risky betbausesk
demands are so dissimilar. While successful recall depenassaous recollection of
previously presented material, it has been suggested that recognition tebks ca
completed based only damiliarity with the items. Thus, the two tasks are tapping two
putatively distinct cognitive processes supported by potentially dissoonehery
traces. Such comparisons must, therefore, be interpreted carefully.

Although comparison of free recall to recognition accuracy has been uség wide
in studies of EM in schizophrenia, the literature is mixed concerning the natwrehof s
deficits. Specifically, discrepancies exist regarding the relagvefit that is conferred to
schizophrenia participants during recognition relative to free recall t@sksline of
research indicates that although recognition performance is less impainefdete recall
performance in individuals with schizophrenia, it is nonetheless still sigmifydawer
than recognition in controls (Aleman et al., 1999; Calev, 1984; Clare et al., 1993;
Goldberget al., 1989; Lee et al., 2006; Paulsgral., 1995; Pernet al., 2000). For
example, a meta-analysis by Aleman et al. (1999) reported recognitionnpantce in
schizophrenia that was less severely disturbed than performance in fiedouwteeas
still substantially lower than in control subjects. Goldberg and colleagues [d€@&@jed
a larger discrepancy between recall and recognition performanceosctania
participants than in control participants, suggesting disproportionate difficulted

retrieval. As in previous studies, recognition performance in the schizophrenia group
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remained significantly impaired relative to controls (Goldberg et al., 1989), tisis
collection of studies indicates that recognition performance in schizophrenzersos
to that of recall performance, but nevertheless remains inferior to that of sontrol
However, the role of task difficulty and differences in discriminabilityeen the two
task types (recall and recognition) must be considered. As mentioned abovenecal
recognition tasks differ in discriminating power and may, therefore, dliffiére
reliability of their estimates of memory performance in schizophrenia.

In contrast, another line of research has reported recognition rates in individua
with schizophrenia that dwot differ significantly from those of control participants, even
when free recall in the schizophrenia group is significantly impaired (Bauman, 1971;
Bauman & Murray, 1968; Beatty al., 1993; Kohet al., 1973; Nachmani & Cohen,
1989). For example, Nachmani and Cohen (1989) reported significantly fewer words
recalled and significantly more intrusion errors by participants witlzgphrenia than
by controls, but found no between-group differences in recognition ability (Nac&mani
Cohen, 1989). Others have reported similar results within a sample of schizophrenia
participants, although there was not a comparison group used (Tracy et al., 2001).

Additional evidence to suggest the presence of retrieval impairments in
schizophrenia comes from studies utilizing retrieval cues. As mentioned above,
recognition paradigms provide participants with one type of retrieval cudtfee
original stimulus), which have been shown to foster varying degrees of improvement i
memory performance. Other work has demonstrated the benefits of categioiy @an
recall in schizophrenia (Culvet al., 1986; McClain, 1983; Sengel & Lovallo, 1983;

Tompkinset al., 1995). Sengel and Lovallo found that participants with schizophrenia
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and control participants benefited equally from the provision of category trexsah

(Sengel & Lovallo, 1983). Individuals with schizophrenia also show equivalent recall
performance to that of controls, but only when both encoding and retrieval cues are
available (McClain, 1983). Culver and colleagues also found the same patternlof recal
for control and schizophrenia participants when encoding and retrieval cues&getp
although recall deficits in the schizophrenia group were not entirely elgdii@ulver et

al., 1986). Taken together, this group of studies indicates that the use of recognition and
category cues improves memory performance in schizophrenia, furthessogdeat

memory deficits are at least partially attributable to faultyeedl operations.

A final line of evidence posits that individuals with schizophrenia have difficulty
in conscious recollection of information, while the sense faimiliarity of information
appears to remain intact. This theory has been advanced based on various pieces of
evidence. One piece is related to the recall vs. recognition dissociation distiive.
Free recall, it is argued, can only be successfully completed via consa@olisateon of
to-be-remembered information, whereas recognition requires the participgnd be
familiar with the particular item. Additional evidence for the recollectamiliarity
dichotomy is found in studies utilizing the Remember/Know paradigm (Tulving, 1985):
during a recognition task, participants are instructed to label previouslytssenas
“Remember” if the item is accompanied by a conscious recollection of havingusbyvi
seen the item, and “Know” if the item is accompanied only by a feeling ofi&aityilof
the item without conscious recollection of having seen it before.

Across a variety of studies, individuals with schizophrenia have demonstrated

markedly lower rates of Remember judgments, with intact rates of Know grdgnm
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nearly all cases (Daniaat al., 1999; Huroret al., 1995; Sonntagt al., 2003; Tendolkar

et al., 2002; Thomaet al., 2006). This phenomenon has been attributed to a number of
causes, including a failure to elaborately process information (Huron #8@h) and an
inability to link separate aspects of events into cohesive memories (Detrad, 1999).
Electrophysiological research has also identified abnormal eventerplatientials

(ERPS) in various brain regions during both Remember and Know judgments in
individuals with schizophrenia (Tendolkar et al., 2002). Thus, a recollection deficit i
individuals with schizophrenia likely contributes to impairments in EM retrieva

Overall, reports of deficits in EM retrieval among individuals with schizopare
are common. Among the most impaired functions is free recall, while mixed exidenc
exists regarding the degree of memory impairment seen for recognitomevdr,
individuals with schizophrenia demonstrate memory benefits when given cueés to a
retrieval, suggesting that impairments in retrieval strategyroastc organization at
retrieval may significantly contribute to these deficits.

Summary of Episodic Memory Deficits in Schizophrenia. Episodic memory
represents a significant cognitive deficit in the schizophrenia syndromeit®efiEM
have been attributed to ineffective processing of information at encoding,l @aswel
deficits in mnemonic processes at retrieval. Relatedly, individuals withogatirenia are
impaired in the ability to bind together information within a particular canssother
factor that renders memory formation more difficult. Importantly, however, stixgor
conditions at the encoding and retrieval stages improve memory performance in
schizophrenia, suggesting that the mechanisms underlying cognitive daficits i

schizophrenia may be pliable and receptive to beneficial manipulations.
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Functional Neuroimaging Studies of Episodic Memory in Schizophrenia
Supplementing the behavioral research on EM in schizophrenia, recent work has
utilized functional neuroimaging techniques (such as fMRI, PET, and EEG) to gatesti
the neural substrates of memory processes in individuals with this disedkbriefly
review some of the major neuroimaging findings in healthy controls befanesdiag

functional neuroimaging studies of EM in schizophrenia.

Functional neuroimaging studies of EM encoding in healthy control participants
have revealed distinctive patterns of cortical activity associatédpeiformance of
these tasks. Among the areas most crucial for successful EM encodingieftental
cortex (PFC). Left PFC is activated during successful verbal encodakgi@ al .,
2001; Buckneet al., 2001; Fletcher et al., 2003; L. J. Otten et al., 2001; A. D. Wagjner
al., 1998) and is posited to be involved in semantic elaboration (Demb et al., 1995; Kapur
et al., 1994). Additionally, left prefrontal cortex (and particularly left iofefrontal
gyrus) responds robustly during supportive encoding conditions (Sevalge2001),
under conditions in which one needs to impose organizational structure on to-be-learned
material (Fletcheet al., 1998), and following implementation of organizational strategic
training (Miottoet al., 2005). Medial temporal lobe regions (particularly hippocampus)
have also been implicated in successful encoding of individual words (Fleteter et
2003; L.J. Otten & Rugg, 2001; A. D. Wagner et al., 1998), as well as associative binding
(Dolan & Fletcher, 1997; Jackson & Schacter, 2004). Thus, the neural substrates
supporting item and associative memory are overlapping and rely on some of the same

structures.
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Just as successful EM encoding has been linked to activity in left prefronéd cort
and left medial temporal lobe structures, brain activity associated witessficcEM
retrieval has also been identified in these regions. Item retriegaben bilateral PFC,
with indications that right PFC is particularly crucial (Bucketeal., 1998; Hensoset al.,
1999; Jernigaet al., 1998). ERP work has also demonstrated a role for bilateral PFC
under elevated retrieval demands (Ranganath & Paller, 2000). Others hatedréypair
areas of the bilateral medial temporal lobe (MTL) support retrievatpsaes (Cabezh
al., 1997; Lepaget al., 1998). Cabeza and colleagues (2003) found evidence for both
bilateral MTL and right PFC involvement in EM retrieval, which they postulated to be
linked to attentional processes (Cabetza., 2003). There is also empirical support for
the role of the parietal lobes in EM retrieval (A.D. Waggteal., 2005), which seem to
be crucial in identifying old vs. new items, and are also more active during conscious
recollection of old items (as compared to items that simply evoke a semseilrity).

Similarly, retrieval of associative or relational information haslessociated
with activity in both left posterior hippocampus and left dorsolateral prefrontaixcor
(Princeet al., 2005). Hippocampal structures have also been shown to be involved in the
retrieval of associate pairs (M. W. Brown & Aggleton, 2001; Giovaretléb., 2004,
Ongur et al., 2005), demonstrating a critical role for this structure in meonuion.

Left hippocampus, in particular, appears to be preferentially activated duringteonte
dependent verbal memory processing (Burgeak, 2002). Regions of prefrontal cortex
and medial temporal lobe, therefore, represent key components of the EM system in

healthy individuals.
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More recently, advances in functional neuroimaging techniques have allowed for
more detailed study of the functional neuroanatomy of EM in schizophrenia. One of the
most common findings among functional neuroimaging studies of EM in schizophrenia is
abnormal brain activity patterns in combination with poorer memory task perfoema
relative to healthy controls. Furthermore, many such studies have found these &bnorma
activation patterns in prefrontal cortex and medial temporal lobe, among otlwgrstegi
For example, a 2005 meta-analysis by Achim and Lepage found that the left inferior
prefrontal cortex was the primary region that distinguished between canttol
schizophrenia participants during both EM encoding and retrieval. They also found
consistent evidence for reduction in right hippocampal activation during encoding among
individuals with schizophrenia (Achim & Lepage, 2005b).

Below, | will review functional neuroimaging evidence related to two cognit
domains hypothesized to underlie EM impairments in schizophrenia: encoding and
retrieval. Unlike the review of the behavioral episodic memory literakuvii, not
include a section on storage, as there are no existing functional neurointadiag that
have convincingly isolated episodic memory storage available at this time.

Functional neuroimaging studies of encoding in schizophrenia. Empirical
research examining EM in individuals with schizophrenia has repeatedly foundavide
of abnormal encoding-related brain activation patterns in this group. Spegificall
individuals with schizophrenia often show underactivation during encoding in a number
of brain regions thought to be crucial for EM function, particularly areas of(B&Ch
et al., 2002; Hoferet al., 2003a; Kubicki et al., 2003; Raglaaidal., 2001), which are

hypothesized to be associated with the generation and application of merai@yias:
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Reduced activity in PFC has also been linked to inefficient strategy use and poore
memory performance in schizophrenia (Hazetl., 2000; Noharat al., 2000).
Furthermore, individuals with schizophrenia demonstrate PFC dysfunction even when
memory performance is equivalent to that of control subjects (Hofer et al.,; 204f@a
et al., 2003b), suggesting a fundamental disruption of encoding processes in
schizophrenia. Thus, deficits in frontal cortex function may be related to thegstrat
impairment often seen in schizophrenia and likely contribute in some manner to the
faulty memory function that is often observed in this group.

Another region commonly implicated in encoding deficits among individuals with
schizophrenia is the medial temporal lobe, particularly the hippocampus. Dediegs
been consistently identified in the recruitment of medial temporal lobe areag dath
verbal (Barch et al., 2002; Jesstml., 2003) and non-verbal encoding tasks (Legtbe
al., 2003). Such deficits are typically found in medial temporal lobe in combination with
poorer subsequent memory performance, although even encoding of subsequently
remembered items has also been associated with reduced hippocampal aciivityeiHe
al., 2006). In addition, computational models have suggested that reduced connectivity
between the parahippocampal gyrus, another medial temporal lobe region, and other
areas (such as entorhinal cortex) contributes to encoding deficits in sckimaphr
(Talaminiet al., 2005).

Despite the overwhelming evidence of brain activation deficits during erg;odi
however, individuals with schizophrenia can engage typical encoding-related brai
regions when provided with beneficial encoding strategies. Similar to thadsdf

behavioral studies described above, functional neuroimaging studies in schizophrenia
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have shown that experimental interventions at the encoding stage can improve task
performance and “normalize” brain activity (Bonner-Jackson et al., 2005; Raland
2005). For example, Ragland and colleagues (2005) found that individuals with
schizophrenia showed normal levels-of-processing effects in left PFC wkatedrto
process words using deep encoding strategies, suggesting that individuals with
schizophrenia can benefit from such interventions and activation deficits in BRFkema
related to strategic impairments in this group (Ragland et al., 2005). Howewasrpére
significant under- or over-activation often persist in these studies, even undéciaé
encoding conditions. Schizophrenia participants in the Ragland study, for example,
overactivated areas of the hippocampus, thalamus, and lingual gyrus relativedts cont
during deep (semantic) encoding. Therefore, encoding manipulations do not represent a
sufficient mechanism in normalizing brain activity in schizophrenia.

In addition to the functional neuroimaging studies of item encoding described
above, other work has examined the neural underpinnings of associative memory
function in schizophrenia. Although such studies are rarer than those examining encoding
of individual items, existing studies may provide insights into the deficits seen in
schizophrenia. As mentioned previously, transitive inference (a key component of
relational memory organization) is impaired in individuals with schizophreniand et
al., 2004), and this behavioral deficit is associated with reduced medial tenoperal |
activity among schizophrenia participants, relative to healthy contrelsk@s & Titone,
2005). These findings are consistent with those of Ongur and co-workers (2006), who
reported deficits on a relational memory task among individuals with schizophrenia

which was associated with decreases in right parietal and left hippocartipati@n
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(Ongur et al 2006). Hanlon et al (2005), using magnetoencephalography (MEG), found
evidence for abnormal lateralization of hippocampal activation in schizophrenia
participants and reduced performance on a transverse patterning assoogtiory task
(Hanlon et al 2005). Collectively, these studies link associative memory impésrared
hippocampal activation deficits in individuals with schizophrenia.

Although medial temporal lobe structures are frequently implicated in binding
deficits in schizophrenia, functional neuroimaging studies have also found evidence of
impairments in prefrontal cortex during completion of these tasks (Lepab20&ica
Ragland et al 1998). For example, Lepage and colleagues (2006) found defiEi@s in P
activation among schizophrenia participants during both associative encoding and
recognition, relative to encoding and recognition of individual items. These findings
indicate that deficits in the recruitment of prefrontal areas partially limdee impaired
abilities in relational memory observed in schizophrenia.

Functional neuroimaging studies of retrieval in schizophrenia. Similar to the
findings from functional neuroimaging studies of encoding, research on rete@atad
brain activity in schizophrenia has consistently found evidence of dysfunction in key
neural systems thought to underlie successful mnemonic function. Although such deficits
have been found in a number of cortical and subcortical areas in schizophrenia
participants, the regions hypothesized to be most crucial in EM retrievadienbllateral
PFC and medial temporal lobe.

Areas of the medial temporal lobe, and the hippocampus in particular, which are
hypothesized to be engaged during conscious retrieval of information, show under-

activation among individuals with schizophrenia during EM retrieval tasks @tisetk
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al., 1999; Jessen et al., 2003; A. P. Wetsa., 2004). A study by Jessen et al (2003), for
example, found deficits in the recruitment of hippocampus bilaterally in schizophrenia
participants, relative to controls, in combination with poorer performance on an EM
recognition task. Weiss and co-workers (2004) reported that individuals with
schizophrenia, unlike control subjects, failed to activate right hippocampus during the
evaluation of novel items at retrieval, in addition to showing poorer subsequent memory
performance.

Paralleling the findings from the encoding literature, individuals with
schizophrenia also demonstrate impairments in recruitment of prefrontad cegiens
during retrieval tasks. Ragland and colleagues (2004) reported impairmeffits in le
DLPFC activation among individuals with schizophrenia, and found that retrievaksucce
was associated with increased right PFC activity only in controls, not iroptihénia
participants, suggesting an abnormal relationship between brain activity and task
performance in schizophrenia (Raglaa@l., 2004).

Although PFC deficits are typically observed in the context of poorer memory
performance by schizophrenia participants, prefrontal activation deficitgydetrieval
persist even when memory performance among schizophrenia participantsasesqui
to that of comparison subjects (Andreaseal., 1996; Crespo-Facore al., 1999;

Hofer et al., 2003a; Hofer et al., 2003b). Weiss et al. (2006) also found equivalent
performance between control and schizophrenia participants on a verbal maskory t
but the groups recruited different networks to achieve the same level ohpeanf

(A.P. Weis=t al., 2006). Notably, the highest-performing comparison subjects in their

study showed significant modulation of hippocampal activity, while the highest-
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performing schizophrenia participants did not. This study provides another instance i
which individuals with schizophrenia do not show the same relationship between brain
activation and memory performance as control participants.

Furthermore, even when beneficial strategies are provided at encoding,
participants with schizophrenia show dysregulation of activity in PFC and hippdcampa
regions during retrieval. The Heckers group conducted two studies (Hetlkdrs1998;

A. P. Weiss et al., 2003) in which participants were oriented to encode words either
deeply or shallowly. During retrieval, participants completed threa-letied stems of
previously studied items. In both studies, participants with schizophrenia dertexhstra
greater than normal DLPFC activity combined with underactivation of hippocampus
during EM retrieval. The authors suggested that individuals with schizophrenia must
recruit prefrontal regions to compensate for impaired medial temporal relyiong
retrieval. Similarly, Ragland and co-workers found overactivation of left Ps@eH as
under-recruitment of right PFC, among individuals with schizophrenia followingetsie
of-processing encoding manipulation (Ragland et al., 2005). These studieteitithta
constraining individuals with schizophrenia to encode words deeply is not sufficient to
induce normal retrieval processes. It is possible, however, that the provision fafiakene
memory strategies at both encoding and retrieval would produce “normalizet/act
both prefrontal and hippocampal structures.

Summary of Functional Neuroimaging Sudies of Episodic Memory in
Schizophrenia. Functional neuroimaging studies of EM in schizophrenia demonstrate
impaired recruitment of brain regions that are crucial for memory funictibaalthy

populations. Areas of prefrontal cortex and medial temporal lobe, among other regions,
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show abnormal patterns of activation and dysregulation during EM encoding and
retrieval, which has been linked in some instances to improper strategy useyNotabl
however, experimental manipulations that promote beneficial memory stretegan

both improve episodic memory function and “normalize” brain activation in individuals
with schizophrenia.

Chapter 3: Purpose, Research Design, and Hypotheses of Dissertation

Purpose

Deficits in memory function are a well-established feature of schizophaadia
represent real challenges to the autonomy and daily functioning of those wdrdrgunff
them. Remembering to take one’s medication, go to a doctor’s appointment, or attend a
job interview all depend heavily on the integrity of memory. It is not surprising,
therefore, that memory ability (particularly verbal memory) is higisisociated with
functional outcome among individuals with schizophrenia (Green, 1996). Thus, it is of
great importance to address such issues, as they have a significant impact olityhe qua
of life experienced by individuals with schizophrenia and can dramaticallst #fife
likelihood of improvement and recovery.

Although memory impairments and deficits in memory-related brain achigitg
long been considered a stable aspect of the schizophrenia cognitive profile,cante re
empirical evidence from behavioral and neurobiological studies suggests that suc
deficits are not immutable. Rather, certain experimental manipulationsiaitidle
learning stage have dramatic effects on subsequent memory successamso@eated
with increased activation in brain areas known to support memory function inyhealth

individuals. Despite these advances in our understanding, however, many of the
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underlying mechanisms related to memory deficits in schizophrenia have yet to be
characterized.

Further investigation into the underlying behavioral causes of memory sleficit
(i.e., inefficient encoding, deficits in retrieval processes) may aid initbog
rehabilitation and treatment interventions. Likewise, functional neuroimaigicigds in
this regard may provide information about the neural substrates of these impaanmeent
can help guide future drug targets for alleviation of certain cognitiveideflTaken
together, the information provided by such a line of research could prove invaluable in
impacting the lives of individuals with schizophrenia.
Research Question

The current project was designed to examine the extent to which behavioral
measures of episodic memory and brain activity among individuals with schizophrenia
can be improved — potentially to the point where they are similar to healthy centrols
through the implementation of beneficial strategies provided during both encoding and
retrieval.
Research Design

The current study was executed in two separate data collection sessionstThe f
session lasted approximately 1.5 to 2 hours and consisted of a structured clinical
interview, collection of demographic information, a series of symptom ratalgssand
brief neuropsychological testing. The neuropsychological measureseassesabulary,
abstract reasoning, and semantic processing ability. The second dat@ocodession
took place on a separate day and lasted 2.5 to 3 hours. In this session, structural and

functional neuroimaging data was collected from participants using a&+hagnetic
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resonance imaging scanner at the Mallinckrodt Institute of Radiology (Mg&sin
University School of Medicine). While in the scanner, participants performed sodepi
memory cognitive activation task consisting of separate encoding aledakphases.
During half of the encoding runs, participants made semantic judgments abdut wor
scene pairs, while during the other half they made non-semantic (location) jusgment
about a different set of word-scene pairs. During the retrieval scansipgaerts were
shown scenes, most of which had been previously presented and some of which were
new (never presented). For each scene, participants were asked to reweattittteat
was originally paired with the scene. Half of the scenes were accompgroed-tetter
cues and half were uncued. Thus, the current study is a 2 x 2 x 2 mixed factorial design
with two within-subjects variables (Encoding Orientation, Cueing) and onebetw
subjects variable (Group). Each of the within-subjects variables has tvis Ereoding
Orientation — Semantic vs. Non-Semantic; Cueing — Cued vs. Uncued. The between-
subjects variable also has two levels: Group — Control vs. Schizophrenia. Behaveoral dat
associated with performance of the episodic memory task was also colledted a
analyzed concurrently with the neuroimaging data.
Hypotheses

The present study contained four sets of hypotheses, with each set related to a
different area of focus. The four sets of hypotheses include predictions regheling
following aspects of this study: 1) Behavioral performance; 2) Encodiatedebrain
activity; 3) Retrieval-related brain activity; and 4) Individual diffeze measures. Below,

| outline the hypotheses associated with each area of focus individually.

38



Behavioral Performance: Predictions
The first set of hypotheses outlined below concerns behavioral performance on
the episodic memory tasks. Specifically, the focus of the following predicetates to
the effects of encoding task and cueing on subsequent memory performance in each
group, as well as the interactive effects of these variables. The sp@@ftons used to

address this area of interest are as follows:

1. Schizophrenia participants (as well as controls) would recall signifycauatre
words seen during Semantic encoding than Non-Semantic encoding, and more
words that were Cued than Uncued. | also predicted that the recall difference
between groups would be smaller following Semantic encoding, relative to Non-
Semantic encoding (Group x Encoding Task interaction).

2. The provision of retrieval cues would improve recall in schizophrenia participants
(and controls), and this improvement would be significantly higher for the
schizophrenia group (Group x Retrieval Cue interaction). Furthermore, the
schizophrenia group would show a significantly greater recall benefit thamicontr
participants when oriented to the semantic encoding strategy and when provided
with retrieval cues (Group x Encoding Task x Retrieval Cue interaction).

3. Schizophrenia participants would perform more poorly on the Semantic encoding
task than the Non-Semantic encoding task. Additionally, schizophrenia
participants would perform more poorly than control participants on the Semantic
encoding task, while the groups would perform equally well on the Non-Semantic

encoding task.
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Encoding-Related Brain Activation: Predictions

The second set of hypotheses outlined below concerns brain activity during encoding.
Specifically, the focus of the following predictions relates to the effeEhobding
Orientation (Semantic vs. Non-Semantic) on encoding-related brain aativity
participants with schizophrenia and healthy controls, as well as interaotitwsen
Encoding Condition and Group. Additionally, the following set of hypotheses addresses
guestions regarding subsequent memory effects in brain activity. Spegificaill
present predictions regarding brain areas that are more active duringhgrafod
subsequently-recalled items, as well as the effect of Encoding Omentetithese

findings. The specific questions used to address this area of interestaienas

1. Within group analyses among schizophrenia participants would reveal sighifica
deficits in encoding-related brain activation during Non-Semantic (relative
Semantic) encoding, particularly in left inferior frontal gyrus (BA 45/4&f)
middle frontal gyrus (BA 6/44), and hippocampus, among other regions.

2. Furthermore, | predicted significant between-group differencedr@ >
schizophrenia) in encoding-related brain activity during non-semantic encading i
the areas described above (left inferior frontal gyrus, left middle froptasg
hippocampus).

3. In contrast, | predicted that during Semantic (relative to Non-Semanioding,
schizophrenia participants would show significant activation in typical sesnanti
processing regions, such as left inferior frontal gyrus (BA 45/47), left middI

frontal gyrus (BA 6/44), and hippocampus.
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4. Furthermore, between-group differences (control > schizophrenia) in these
regions (left inferior frontal gyrus, left middle frontal gyrus, hippocampus)lav
be dramatically reduced or absent during Semantic (relative to Non-$&mant
encoding.

5. | predicted a significant overlap in subsequent memory activity between groups i
posterior/parietal regions. In contrast, subsequent memory activity among
schizophrenia participants would be associated with significant underamtivati
(relative to controls) in anterior/frontal brain regions.

Retrieval-Related Brain Activation: Predictions

The third set of hypotheses outlined below concerns brain activity during retrieval
Specifically, the focus of the following predictions relates to the effelsbthf Encoding
Orientation (Semantic vs. Non-Semantic) and Cueing (Cued vs. Uncued) on retrieval
related brain activity in participants with schizophrenia and healthy cantrols
Furthermore, this set of hypotheses examines the interactive efféatsoding
Orientation, Cueing, and Group on brain activity during retrieval. The specifidanses
used to address this area of interest are as follows:

1. | predicted that during retrieval of Uncued words (compared to retrievalied
words), schizophrenia participants would show the typical pattern of fronto-
temporal dysregulation found in previous studies, including overactivation of
frontal regions and underactivation of hippocampus.

2. Furthermore, | predicted significant between-group differencest(@l >
Schizophrenia) in retrieval-related brain activity during retrieval m¢uéd

words.
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3. In contrast, during retrieval of Cued words, schizophrenia participants would
activate a more typical network of retrieval-related brain regions.

4. | also predicted that Cued (relative to Uncued) retrieval would be assbaidh
fewer between-group differences in retrieval-related brain activity.

5. Consistent with previous work, schizophrenia participants would demonstrate
significant deficits in retrieval-related brain activation duringiegtl of words
encoded Non-Semantically.

6. Furthermore, retrieval of items encoded Non-Semantically would be assbcia
with significant between-group differences (control > schizophrenia) ievatri
related brain activity.

7. In contrast, schizophrenia participants would show more typical retrieatédel
brain activity patterns during recall of items encoded Semantically.

8. Furthermore, retrieval of items encoded Semantically would be assowidited
fewer between group differences (control > schizophrenia) in brain activity.

Individual Difference M easures: Predictions
The fourth set of hypotheses outlined below concerns the effect of individual
differences on behavior and brain activity. Specifically, the focus of thmnioig
predictions relates to the influence of inherent semantic processing abikipisodic
memory and task-related brain activity in individuals with schizophrenia aithje

controls. The specific questions used to address this area of interestolicenss

1. | predicted that participants from both groups who scored higher on measures of

semantic processing ability would show greater subsequent memory bemefits f
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semantically-encoded items (relative to items encoded non-semanticafty)
participants who scored lower on semantic processing measures.

2. Participants from both groups who scored higher on measures of semantic
processing ability would show greater activation enhancements (Semantic
encoding > Non-Semantic encoding) in brain regions typically associated wi
semantic encoding, including left inferior frontal gyrus (BA 45/47).

Chapter 4: Method

Participants

Human Subjects | nvolvement and Characteristics: Participants were 24
individuals DSM-1V diagnosed with schizophrenia and 24 comparison participants. The
comparison participants were members of the surrounding community and weneana
with members of the schizophrenia group on age, gender, race, handedness, and parental
education level. In order to be eligible, all participants were requiredwatteut
current or past DSM-1IV diagnosis of substance abuse or dependence, any n&alrologi
disorder, and documented history of concussion or head injury. Additionally, all potential
participants were required to be 18-50 years of age; able to give informed donsent
participate in research; must not be pregnant, claustrophobic, or have any non-removable
metallic objects in their body; and could not meet criteria for mentatiegtan.
Participants with schizophrenia were required to meet DSM-IV @iterischizophrenia
or schizoaffective disorder and could not be in an acute or unstable phase of the iliness
Comparison participants could not have any lifetime history or family history of

psychotic disorders.
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Recruitment and Informed Consent: Recruitment of individuals with
schizophrenia occurred through four sources: 1) individuals who have participated in the
Conte Center studies of Dr. Barch and Dr. Csernansky (a collaborator of Dr.;2arch)
individuals who have completed studies as a part of the Treatment Units Researc
Network (TURNS), in which Drs. Barch and Csernansky are actively involved; 3)
recruitment from local outpatient treatment facilities; and 4) adveréees placed in
local community newspapers. Like participants with schizophrenia, controlijpantis
who completed studies as a part of the Conte Center or TURNS were invited to
participate in the proposed research. Additional control participants werdedcrui
through local advertisements and flyers. Control participants were rednaitedhe
same areas and neighborhoods as the participants with schizophrenia. Inforreatl cons
was obtained by a member of the research personnel for every participat gneir
participation in the study. Consent forms were explained in detail and allaspdut
study, including both potential risks and benefits to the participant, were coveregl durin
the consenting process. A copy of each consent form, signed by both the participant and
by the research staff member who has obtained consent, was retained.

Diagnosis and Clinical Assessment: To determine each participant’s diagnosis, a
structured clinical interview was administered by a trained interviavseng the
Structured Clinical Interview for DSM-1V (SCID-IV). The SCID-IV enviewer had
access to all present and past data sources, including hospital records and@harts a
corroborative sources (family members) in order to make a decision. Bothpaentsci
with schizophrenia and control participants underwent identical diagnostic pmacesse

Additionally, participants with schizophrenia were administered the Scatleefor
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Assessment of Positive Symptoms (SAPS; (Andreasen, 1983b) and the Scale for the
Assessment of Negative Symptoms (SANS; (Andreasen, 1983a). | took arraletive
the clinical assessment and diagnosis process and was been trained bglDanBahe
Conte Center staff to conduct the interviews.

Medications. In compliance with Missouri state law, all participants with
schizophrenia were medicated at the time of study. Most recent research diorcagni
schizophrenia has studied individuals with this illness while medicated. More
specifically, studies of item and associative memory in schizophrenia have fatnd t
deficits in these areas persist even when participants are taking noed{dassen et al.,
2003; Ragland et al., 2004; Waters et al., 2004). Detailed records of current medications
and dosage levels were kept for each participant with schizophrenia in order naireter
whether any of these factors significantly altered our results.

Procedure

In the present study, participants underwent testing in two separate sessions: a
session consisting of a diagnostic clinical interview, clinical ratings baief
neuropsychological testing; and a 1.5-hour functional neuroimaging session. ering
neuroimaging session, participants underwent structural and functional neungjraad
performed an associative memory task while in the scanner. | used the kedlreador
functional neuroimaging data derived from these sessions in the current study.
Measures

Associative Memory Task: The associative memory task that participants
performed while in the scanner was modeled after the paired associatkgrpara

described by Naveh-Benjamin and colleagues (Naveh-Bengirain 2002). In this
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paradigm, participants learn associations between complex visual scdwesrds, and

the effects of supportive techniques during encoding and retrieval arecds$edbe
current study, participants underwent functional neuroimaging scans while epaadin
subsequently retrieving information about word-scene pairs. The encoding plsase wa
accomplished over 6 functional imaging runs (3 runs for the Semantic encoding task, 3
runs for the Non-Semantic encoding task), while the retrieval phase took pla& ove
runs. During thencoding phase, participants were shown a visual scene and a word
simultaneously on the screen and were asked to study each word-scene pagfoorg
test to be administered later. During half of the encoding runs (“Semarditt&dion”
condition), participants were instructed to indicate whether the currentseerd: pair

was strongly or weakly associated by pressing one of two buttons. During thaaither
of the encoding runs (“Location” condition), participants were asked to indicatbevhet
the word in the current word-scene pair was above or below the scene by pressing one of
two buttons. Additionally, half of the to-be-encoded words were “stronglstaelto

their associated scene and half were “weakly” related to the scenégmasided by
normative data collected from pilot subjects (see below). All participaares mstructed

to try to learn the relationship between visual scenes and words for a |laterynest.
Thus, in both conditions participants knew that they must learn the word-scene
relationships for a later memory test and must make a judgment and exsmite a
response at the time of encoding. However, only during the “Semantic Orientation”
condition were participants explicitly oriented to process the semalationship

between the scene and the word. Task order was counterbalanced across participant

within each group, such that half of the participants performed the Semantic gncodin
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task prior to the Non-Semantic encoding task, and half performed the Non-Semantic
encoding task prior to the Semantic encoding task. Additionally, the order of eaeh of t
three Semantic encoding runs and the three Non-Semantic encoding runs was
counterbalanced in a pseudo-random fashion, such that the encoding stimuli were always
presented in a different order for each participant.

Over the course of the encoding scans, each of the 120 word-scene pairs were
shown 4 times (2 times with the word above the scene, 2 times with the word below the
scene), in order to improve subsequent recall performance and avoid potential floor
effects (particularly among the schizophrenia participants). Each stimakisncoded in
only one manner (i.e., Semantic or Non-Semantic) across all four presentationsi
were presented every 2.5 seconds in a rapid event-related design, with fixalson tr
intermixed pseudo-randomly. During thetrieval phase, participants were presented
with each of the 120 previously-viewed scenes once, as well as 30 new (not previously-
viewed) scenes in order to discourage guessing. Scenes were presentedions and
participants were instructed to recall and vocally produce the word that \gemalbyi
paired with the scene, or to say “New” if they believe the scene was never pevious
presented. Additionally, in order to examine the effect of retrieval cues oh recal
performance, half of the to-be-retrieved words were cued with a firest fetlowed by a
blank line below the scene, while the other half only had a blank line. One-lattaralet
cues were counterbalanced across participants within each group, such thiathealf
participants received cues for half of the pictures, while the other half patheipants
were cued for the other half of the pictures. Although the use of vocal responses in the

scanner introduces potential problems (e.g., increased head movement, de@eaked si
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to-noise ratios), previous work in our lab and in other research groups has utilized
techniques that allow for vocal responses in the scanner (Peilader2001; Racine,
2005). Furthermore, | calculated movement parameters and signal-to-noiseré8oER
for each BOLD run for each participant, in order to verify that all included d&ta me
minimum quality requirements before being included in analyses.

| completed data collection from 30 participants for a pilot study to genetate va
associate words to be paired with the scenes. Participants in the pilot stadshawn
complex scenes on a computer screen, one at a time, and were asked to gemedate a
or phrase that they believe is associated with, but not physically in, thatcoeae. The
word that was most frequently generated for a scene was used for thgl{stro
associated word-scene pairs. “Weakly” associated words consistedrgdlarsethat
were produced by pilot subjects but were not the most commonly produced. Word-scene
pairs were designated to the “strongly” or “weakly” associated group on a rand@n ba

Neuropsychological Measures. All participants underwent a brief
neuropsychological assessment battery, which included the Vocabulary, i8esjland
Matrix Reasoning subtests from the Wechsler Adult Intelligence ScadS\V;
(Wechsler, 1997), as well as the Pyramids and Palm Trees Test (Howarg&dtat
1992), which measures semantic access and semantic processing abdéted a
composite semantic processing variable to use as a variable of interesanalrses of
the behavioral and neuroimaging data. To do this, | converted scores for each participa
on the WAIS-Vocabulary, WAIS-Similarities, and the Pyramids and PalesTrest to

standardized z-scores and summed them.
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Symptom Measures. As mentioned above, participants were administered the
Scale for the Assessment of Positive Symptoms (SAPS) and the ScaleAsséssment
of Negative Symptoms (SANS) during the clinical interview. In order to askes
relationship between symptomotology and other factors of interest (i.e., task
performance, semantic processing ability), | created symptom sumoaaeg $or three
symptom clusters (positive, negative, and disorganized) by summing globglsetires
for each domain from the SAPS and SANS. The positive cluster consisted of the sum of
global hallucinations and global delusions ratings. The negative clustestednsi the
sum of global affective flattening, alogia, apathy, and anhedonia ratings. The
disorganized cluster consisted of the sum of global bizarre behavior, positivé forma
thought disorder, and attention ratings. | then performed correlations between the
symptoms summary measures and recall performance, as well as betweenptoensy
summary measures and the semantic processing composite variablehgigstablished
relationship between symptomotology and cognition in schizophrenia.

fMRI Scanning Methods: All structural and functional neuroimaging data
collection was performed on the 3 Tesla Siemens Trio system at the Rdsezgong
Center of the Mallinckrodt Institute of Radiology at the Washington Uniyessihool of
Medicine. The functional images were acquired in a series of 9 runs usingranetsic
spin-echo echo-planar sequence sensitive to blood oxygen level-dependent (BOLD)
contrast (T2*; TR = 2500 msec, TE = 27 msec, FOV = 256 mm, slice thickness = 4mm).
Encoding runs consisted of 168 frames (i.e., whole brain volume acquisitions). This
included 80 task trials and 80 fixation trials intermixed pseudo-randomly, asswkll a

frames of fixation at the beginning of each run to allow the scanner to readly state
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and 4 frames at the end of each run in order for the hemodynamic response to return to

baseline. Retrieval runs consisted of 163 frames, 50 task trials and 55 fixatgrasia

well as 4 frames of fixation at the beginning and end of each run. During structural

imaging, 176 4-mm thick slices were acquired using a coronal MPRAGE 3D T1-

weighted sequence (TR = 2400 msec, TE = 3.13 msec, FOV = 256 mm, voxel size = 1 x

1 x 1.2mm) and were used for between subject registration and anatomic localization.
Preprocessing of fMRI data included a number of steps, including the following:

1) compensation for slice-dependent time shifts; 2) elimination of odd/evemséosity

differences due to interpolated acquisition; 3) realignment of all data edquieach

subject within and across runs to compensate for rigid body motion; 4) intensity

normalization to a whole brain mode value of 1000; and 5) spatial smoothing with an 8-

mm FWHM Gaussian kernel. The functional neuroimaging data was transforméiant

stereotaxic atlas space of Talairach and Tournoux (Talairach & Tournoux, 3988) b

computing a sequence of affine transformations (first frame EPI to Tdhteel TSE to

MPRAGE to atlas representative target) composed by matrix multiphcd he first

four frames of each scanning run were fixation trials. These were discarted i

analysis of the functional neuroimaging data, in order to allow the MR signado re

steady state. The last four frames of each functional neuroimaging reralserfixation

trials. Following the standard pre-processing stream, all functional neurngrésga

was inspected for quality and integrity. Signal-to-noise ratios (SNR) vadralated for

each scanning run for each participant, and participants with low average SNR values

across all nine scanning runs (mean SNR < 150) were excluded from the neuroimaging

analyses. Three participants were excluded from neuroimaging analytas feason.
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Participants with head movement that exceeded 4 mm in any direction (X, Y, er&Z) w
also discarded and were not included in subsequent analyses. Based on mean head
movement, the same three participants were identified for exclusion as had been
identified based on mean SNR values. No additional participants were excluded from
analyses based on these parameters.

To analyze the fMRI data from the encoding and retrieval conditions,tedrea
estimates of encoding- and retrieval-related activity in each voxeh&br garticipant
separately, using a general linear model (GLM) convolved with a canonical Boynton
hemodynamic response function, which was estimated over 7 scanning frames (17.5
seconds) following each stimulus presentation. In this manner, | createdtsepa
estimates for each encoding and retrieval task type. For the encodingadesed two
sets of GLM contrasts for each participant. In the first set (used iysasadf encoding-
related activity), | coded 2 trial types: 1) Semantic encoding (senrafdtedness
decisions); and 2) Non-Semantic encoding (word location decisions). In the seicond se
(used in analyses of subsequent memory effects), | coded each stimulus tiargagh
encoding run as one the following categories, based on encoding condition and
subsequent memory performance: 1) correct-Semantic (correct recadirts seen
during Semantic encoding); 2) correct-non-Semantic (correct recalidrds seen during
Non-Semantic encoding); 3) incorrect-Semantic (words seen during Senmenoiiin
that were not correctly recalled); and 4) incorrect-non-Semantic (weetisciiring non-
Semantic encoding that were not correctly recalled).

For the retrieval data, | created 2 sets of GLM contrasts for eachpmanrtidn

the first set, | coded 4 trial types: 1) Semantic-Cued (cued retrievalrdbwseen during
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Semantic encoding); 2) Non-Semantic-Cued (cued retrieval of words seeg Non-
Semantic encoding); 3) Semantic-Uncued (uncued retrieval of words sesa duri
Semantic encoding); and 4) Non-Semantic-Uncued (uncued retrieval of wands see
during Non-Semantic encoding). In the second set, | coded 8 trial types: 1) $emanti
Uncued-Correct (correct uncued retrieval of words seen during Semarddireg)c 2)
Non-Semantic-Uncued-Correct (correct uncued retrieval of words seen damArg N
Semantic encoding); 3) Semantic-Cued-Correct (correct cued retrievatds seen
during Semantic encoding); 4) Non-Semantic-Cued-Correct (correttretreeval of
words seen during Non-Semantic encoding); 5) Semantic-Uncued-Indevoeds seen
during Semantic encoding that were uncued and not correctly retrieved); 6) Non-
Semantic-Uncued-Incorrect (words seen during non-Semantic encodingetieaincued
and not correctly retrieved); 7) Semantic-Cued-Incorrect (words seen dunramne
encoding that were cued and not correctly retrieved); and 8) Non-Semantic-Cued-
Incorrect (words seen during non-Semantic encoding that were cued and ratycorre
retrieved). These estimates were used in the ANOVAs and t-tests. Atesmavere
appropriately corrected for multiple comparisons using cluster sizetalgsrio ensure
whole-brain false positive rates of p < .05.

Chapter 5: Results

Of the 67 patrticipants who consented to participate in the study, 20 were excluded
(7 control participants, 13 participants with schizophrenia) due to a varietgtofSa
related to the quality of the behavioral and/or neuroimaging data [very low memory
performance (N = 4), poor signal-to-noise ratio or excessive movemestiwkitanner

(N = 3), incomplete scanning sessions (N = 7), failure to attend scan session].(N = 6)
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The groups with usable neuroimaging and behavioral data consisted of 24 control
participants and 23 participants with schizophrenia, and all analyses of neurgjmaigin
are based on these participants, unless otherwise specified. In order tozmgamer,
an additional 5 participants (1 control, 4 schizophrenia) with usable behavioral data (and
unusable neuroimaging data) were included in analyses of behavioral datasuitnge
in groups consisting of 25 control participants and 27 participants with schizophrenia for
the behavioral analyses. Demographic and clinical data for included partscigant
both neuroimaging and behavioral analyses are presented in Table 1, and
neuropsychological data are included in Table 2.

With regard to demographic variables, the control and schizophrenia groups did
not differ in terms of gender distribution, age, parental education, or handedness. As a
group, controls had significantly more years of education than schizophremgpats
(p < .005). Regarding performance on neuropsychological measures (Table 2), control
participants performed significantly better than schizophrenia participaritee WAIS
Vocabulary (p < .005), WAIS Matrix Reasoning (p < .005), and Pyramids and Palm
Trees (p < .005) measures. The groups did not differ in their performance on the WAIS

Similarities subtest.
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Table 1: Demographic and Clinical Data

Mean Imaging* SD Imaging*
(Mean Behavioral)* (SD Behavioral)*
o Control Participants Control Participants p-value for
Characteristic Participants with Participants with statistical test
Schizophrenia Schizophrenia
Age (years) 37.437.0) 36.3(36.6) 7.9(8.0) 8.1(8.4) .64(.87)
Sex (% male) 75.076.0) 82.6(81.4) .52(.63)
Participant Education (years) 19%.6) 13.4(13.2) 2.8(2.8) 2.1(2.1) .001 (< .005)
Parental education (years) 13813.9) 14.1(13.9) 2.0(2.0) 3.4(3.2) .95(.95)
Handedness (1=left, 5=right) AB7) 4.3(4.3) 0.75(.75) 0.85(.80) A11(.11)
Negative symptoms 1@.6) 6.4(6.5) 1.9(1.9) 3.4(3.2) <.001 (< .001)
Disorganization symptoms 1(2.2) 1.8(2.0) 1.5(1.5) 1.7(1.7) .17(.08)
Positive symptoms 0.(D.1) 3.0(2.9) 0.3(0.3) 2.1(2.2) <.001 (< .001)
Atypical medications only (%) - 82(80.7)
Typical medications only (%) - 17(39.2)
Anti-cholinergic medication (%) - 13(5.4)

*Data are presented separately for participants with usable behaviorahdgtarticipants with both usable behavioral and
neuroimaging data.

**Data regarding participant education, parental education, handedness, sympigs) eatd medication information not
available for 2 participants in behavioral group (1 control, 1 schizophrenia).
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Table 2: Neuropsychological Data

Mean Imaging Group SD Imaging Group

(Mean Behavioral Group) (SD Behavioral Group)

Control Participants Control Participants p-value for
Measure Participants with Participants with statistical test

Schizophrenia Schizophrenia

WAIS Vocabulary (scaled) 11@31.3) 8.6(8.4) 2.7(2.7) 3.3(3.2) <.005 (< .005)
WAIS Similarities (scaled) 10.10.1) 9.2(8.9) 2.9(2.9) 3.8(3.7) .38(.21)
WAIS Matrix Reasoning (scaled)13.1(13.1) 10.5(10.2) 2.4(2.4) 3.4(3.4) <.005 (< .005)
Pyramids and Palm Trees 4948.6) 47.3(47.0) 2.0(2.0) 2.5(2.8) <.005 (<.001)
Semantic Processing Composite  1(024) -0.99(-1.05) 2.1(2.1) 2.9(2.9) < .01 (< .005)

*Neuropsychological data not available for 2 participants in behavioral group (blcdngchizophrenia)
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Below, | will address the findings for each of the specific hypotheses aldl®/e in

each of the four domains: 1) Behavioral performance; 2) Encoding-related dtraiity;a

3) Retrieval-related brain activity; and 4) Individual difference measures
Behavioral Performance: Results

The first set of results outlined below concerns behavioral performance on the
episodic memory tasks. Specifically, the focus of the following predictidaiteseto the
effects of encoding task and cueing on subsequent memory performance in eacasgroup,
well as the interactive effects of these variables. The specific gnestsed to address
this area of interest are as follows:

1. Schizophrenia participants (as well as controls) would recall significantly more words
seen during Semantic encoding than Non-Semantic encoding. | also predicted that the
recall difference between groups would be smaller following Semantic encoding, relative
to Non-Semantic encoding (Group x Encoding Task interaction).

In order to address this hypothesis, | conducted within-group paired samples t-
tests for recall in each group following each encoding condition (Semantic vs. Non-
Semantic). Consistent with my stated hypothesis, participants with schia@phr@6)
=13.89, p <.001], as well as controls [t (24) = 6.22, p < .001], demonstrated significant

recall benefits for words encoded Semantically, relative to Non-Sexal@n{Table 3).
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Table 3. Behavioral Data: Encoding & Recall Task Performance

Mean (SD)
Task Measure Control Participants with
Participants Schizophrenia
Encoding: Non-Semantic Accuracy 0.93 (0.15) 0.93 (0.083
Reaction Time (ms) 943 (192) 968 (189)
Encoding: Semantic Accuracy 0.60 (0.16) 0.57 (0.13)
Reaction Time (m3)| 1218 (206 1226 (1595
Recall: Overall Accuracy 0.79 (0.15) 0.70 (0.12)
Recall: Old Items only Accuracy 0.75 (0.18) 0.67 (0.14)
. 0,
Recall: New Items only Yo _Correct 0.92 (0.113 0.84 (0.16)
Rejections
Recall: Non-Semantic Accuracy 0.63 (0.25) 0.50 (0.19)
Recall: Semantic Accuracy 0.88 (0.13) 0.84 (0.12)
Recall: Uncued Accuracy 0.72 (0.20) 0.64 (0.15)
Recall: Cued Accuracy 0.80 (0.16) 0.72 (0.14}
Recall: Non-Semantic Accuracy 0.57 (0.30) 0.43 (0.20)
Uncued
Recall: Non-Semantic Accuracy 0.68 (0.25) 0.56 (0.20]
Cued
Recall: Semantic Uncued Accuracy 0.86 (0.14) 0.82 (0.12)
Recall: Semantic Cued Accuracy 0.91 (0.10) 0.87 (0.11)

*Encoding task performance data not available for six participants (3 contrblz8@uenia)

'RT presented for correct encoding trials only

’Main effect of Encoding Task (p < .001)

3Main effect of Encoding Task (p < .001)

“Control > Schizophrenia, % Overall Recall (p < .05)
®Control > Schizophrenia, % Correct Rejections (p < .05)
®Main effect of Encoding Task (p < .001)

"Main effect of Cueing (p < .001)

®Encoding Task x Cueing interaction (p < .005)
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Next, | conducted a repeated measures ANOVA, with Group (Control,
Schizophrenia) as the between subjects variable, and Encoding Task (Semantic, Non-
Semantic) and Cueing (Cued or Uncued at retrieval) as the within subjectdegaria
Results of the analysis revealed main effects of Encoding Task [F (1, 50) = 148.70, p <
.001] and Cueing [F (1, 50) = 87.56, p < .001]. Post-hoc comparisons showed that
participants demonstrated better subsequent recall for words encoded Selpantical
relative to Non-Semantically, as well as better recall of words that Geed relative to
those that were Uncued. Furthermore, the analysis revealed a sigritincarating Task x
Cueing interaction [F (1, 50) = 9.05, p < .005], such that the recall benefit conferred by
Cueing was greater for words encoded Non-Semantically relative to wotieeinc
Semantically (Table 3). Consistent with my prediction, the between-graem site
(Control > Schizophrenia) for Semantic recall (d = 0.34) was substantiallyesnah
that for Non-Semantic recall (d = 0.61), although the Encoding Task x Group iioieract
reached only trend-level significance (p = .08).

2. The provision of retrieval cues would improve recall in schizophrenia participants
(and controls), and this improvement would be significantly higher for the schizophrenia
group than the control group (Group x Retrieval Cue interaction). Furthermore, the
schizophrenia group would show a significantly greater recall benefit than control
participants when oriented to the semantic encoding strategy and when provided with
retrieval cues (Group x Encoding Task x Retrieval Cue interaction).

In order to address this hypothesis, | conducted within-group paired samples t-
tests comparing Cued recall to Uncued recall within each group separatetyst€nt

with my predictions, both participants with schizophrenia [t (26) = 7.61, p < .001], as
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well as control participants [t (24) = 5.47, p < .001], recalled more words that wede Cu
at recall than Uncued (Table 3).

Next, | conducted the ANOVA described above, in order to address the potential
interactive effects of Encoding Task, Cueing, and Group on subsequent recall. As
described above, the analysis revealed a main effect of Cueing [F (1, 50) = 87.56, p <
.001], such that Cued words were more successfully recalled than Uncued words. The
analysis also revealed a significant Encoding Task x Cueing interdEt(1, 50) = 9.05,

p < .005], such that the recall benefit conferred by Cueing was greater for wasdse@nc
Non-Semantically relative to words encoded Semantically (Table 3). Cotdrary
hypotheses, however, the Group x Cueing (p > .60) and Group x Encoding Task x Cueing
(p > .66) interactions were non-significant, although calculation of between-gfeap ef
sizes suggest that the predictions were somewhat fulfilled. Effectreifasing
between-group differences in recall success suggest that the schizophoepia gr
demonstrated the greatest recall benefit for Semantic Uncued wierdsZ9), whereas
the largest difference between groups was observed for Non-SemanticWuards ¢

= 0.55).

3. Schizophrenia participants would perform more poorly on the Semantic encoding task
than the Non-Semantic encoding task. Additionally, schizophrenia participants would
perform more poorly than control participants on the Semantic encoding task, while the
groups would perform equally well on the Non-Semantic encoding task.

Although this hypothesis was not of central interest to the present study, it was
included to serve as a manipulation check to verify that participants were properl

engaging in the encoding tasks. In order to address this hypothesis, | conducted a
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repeated measures ANOVA on the accuracy data (see Table 3), with Group (Control
Schizophrenia) as the between subjects variable, and Encoding Task (Semantic, Non-
Semantic) as the within subjects variable. Results of the analysise@eealain effect
of Encoding Task [F (1, 48) = 420.37, p < .001], while the effect of Group (p > .67) and
the Group x Encoding Task interaction (p > .49) were both non-significant. Post-hoc
comparisons revealed that, consistent with my hypothesis, participants with
schizophrenia (as well as control participants) performed significaotiyeron the
Semantic encoding task than the Non-Semantic encoding task. However yctontngr
predictions, the individuals with schizophrenia did not perform significantly whase t
controls on the Semantic encoding task. Finally, consistent with my hypothesis, the
groups performed equally well on the Non-Semantic encoding task.

Additionally, reaction time (RT) data during encoding tasks was calculated (
correct encoding trials only), although no initial predictions were madediagahese
data. RT data from 6 participants (3 control participants, 3 participants with
schizophrenia) was unusable and excluded due to equipment failure. In order to assess
potential RT differences between encoding tasks or groups, | conductedtadepea
measures ANOVA, with Group (Control, Schizophrenia) as the between subjects
variable, and Encoding Task (Semantic, Non-Semantic) as the within subjeabdevari
Results of the analysis revealed a main effect of Encoding Task [F (1, 44) = 118.72, p <
.001], while the effect of Group (p > .73) and the Encoding Task x Group interaction (p >
.72) were both non-significant. Post-hoc comparisons revealed significantly Rhge
for both groups during correct Semantic than correct Non-Semantic encodsg tria

(Table 3).
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Behavioral Performance: Summary

Similar to the control group, individuals with schizophrenia recalled more words
that were encoded Semantically than Non-Semantically and more wordsetkaCued
than Uncued at recall. Both findings are consistent with the literature irr¢aisiad
suggest that individuals with schizophrenia show memory benefits from encoding and
retrieval support. Importantly, the magnitude of between-group differenoessa
conditions was also supportive of my initial hypotheses. The smallest differences
between groups were observed for items encoded Semanticaly and iteweréh@ued
at retrieval, suggesting that such manipulations were effective in equagimgry
performance of schizophrenia participants with that of controls. Additionally, the
analyses revealed that for both groups, Cueing during retrieval was sigfhyficere
beneficial for words encoded Non-Semantically than Semantically. Althougipected,
this finding reinforces the notion that cues are often most helpful for remembering
poorly-encoded items, and that individuals with schizophrenia respond in a similar

fashion as controls to beneficial memory cues.
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Encoding-Related Brain Activation: Results

The second set of results outlined below concerns brain activity during encoding.
Specifically, the focus of the following predictions relates to the effeEhobding
Orientation (Semantic vs. Non-Semantic) on encoding-related brain aativity
participants with schizophrenia and healthy controls, as well as interaotitwsen
Encoding Condition and Group. The specific questions used to address this area of
interest are as follows:

1. | predicted that during Semantic (relative to Non-Semantic) encoding, schizophrenia
participants would show significant activation in typical semantic processing regions,
such as left inferior frontal gyrus (BA 45/47), left middle frontal gyrus (BA 6/44), and
hippocampus.

More specifically, regarding “typical semantic processing regidresyi referring
to significant areas of activity with a centroid in left inferior (BA 45/4i7)eft middle
frontal gyrus (BA 6/44). In order to address this hypothesis, | conductedia-gibup t-
test in schizophrenia participants comparing encoding-related brainyartithite
Semantic and Non-Semantic encoding conditions. Consistent with my predictions,
compared to Non-Semantic encoding, Semantic encoding among schizophrenia
participants was associated with significant increases in brain aatiatnumber of
brain regions typically recruited during episodic memory encoding and semanti
processing (see Table 4), including left middle frontal gyrus (BA 6}J hdt detect
significant activation during Semantic > Non-Semantic encoding amorgpgtinenia
participants in hippocampus proper, although the contrast did reveal significeity acti

right parahippocampal gyrus (BA 36). The analysis also failed to reveah8emaon-
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Table 4. Regions of significant encoding-related activity: Schizophrenia participants

Region of Interest Brodmann Area(s X Y Z
Semantic > Non-Semantic
Left medial frontal gyrug 8 -3 18 44
Left middle frontal gyrus 6 -34 6 56
Left middle frontal gyrus 9 -47 24 35
Left middle frontal gyrus 46 -50 34 15
Left superior frontal gyrus 6 -8 8 61
Left superior frontal gyrus 10 -36 50 17
Left superior frontal gyrus 8 -22 33 52
Left precentral gyrus 6 -41 0 29
Left insula -33 19 1
Left thalamus -7 -15 13
Left cingulate gyrus 31 -3 -41 35
Left posterior cingulate gyrus 30 -10 -53 8
Left inferior parietal lobule 40 -41 -54 42
Left precuneus 31 -9 -67 23
Left precuneug 19 -26 -72 41
Left fusiform gyrus 19 -32 -76 -11
Left middle occipital gyrus 19 -32 -86 19
Left lingual gyrus 18 -21 -96 -6
Left cerebellum -27 -39 -16
Left cerebellum -42 -59 -18
Right medial frontal gyrus 9 11 31 30
Right middle frontal gyrus 9 46 31 28
Right middle frontal gyrus 8 30 9 45
Right superior frontal gyrus 10 16 59 17
Right insula 13 37 20 4
Cingulate gyrus 24 1 -12 37
Right parahippocampal gyrus 36 34 -24 -26
Right middle temporal gyrus 19 37 -73 21
Right fusiform gyrus 37 45 -41 -18
Right fusiform gyrus 37 41 -63 -12
Right cuneusg 17 17 -95 -1
Right precuneus 7 17 -75 37
Right precuneus 7 19 -55 46
Right inferior occipital gyrus 18 33 -83 -5
Right cerebellum 19 -41 -10
Right cerebellum 33 -64 -31
Right cerebellum 7 -78 -31
Non-Semantic > Semantic
Left superior temporal gyrus 22 -52 -4 4
Left insula -56 -32 18
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Semantic encoding activity in left (or right) inferior frontal gyru&\(85/47). Inspection
of the separate maps for Semantic and Non-Semantic encoding suggested/ityanact
this region was quite similar across contrasts and any differenceshetamditions
were likely not robust enough to reach significance. However, as described above a
number of other regions in left and right frontal cortex were significantiyeractivated

in semantic compared to non-semantic encoding.

2. | also predicted significant between-group differences (Control > Schizophrenia) in
encoding-related brain activity during Non-Semantic encoding, particularly in left

inferior frontal gyrus (BA 45/47), left middle frontal gyrus (BA 6/44), and hippocampus,
among other regions.

In order to address this hypothesis, | conducted a between-group t-test agmpari
encoding-related brain activity during the Non-Semantic encoding condition molcont
and schizophrenia participants. In support of my hypotheses, | detected aangnific
between-group difference (Control > Schizophrenia) in left middle frontal BAS).
However, contrary to my predictions none of the remaining between-group diferen
observed in this contrast were in the predicted frontal or hippocampal regieisa(de
5, Figure 1). The opposite contrast (Schizophrenia > Control) revealed that satzaphr
participants activated certain areas to a significantly greatged than controls,
including bilateral superior temporal gyrus (BA 22), left inferior (BA 40) anmksor
(BA 7) parietal lobule, and left precentral gyrus (BA 4). Results areagisglin Table 5
and Figure 1.

3. In contrast, between-group differences (Control > Schizophrenia) in the regions

described above (left inferior frontal gyrus, left middle frontal gyrus, hippocampus)
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would be dramatically reduced or absent during Semantic (relative to Non-Semantic)
encoding.

In order to address this hypothesis, | first conducted a between-group t-test
comparing encoding-related brain activity during the Semantic encodingioandi
control and schizophrenia participants. Consistent with my hypothesis, between-group
differences in which controls showed greater activity than participatitschizophrenia
were dramatically reduced during the Semantic encoding condition (see6] &ljeire
1). Only 2 regions of significant group differences in brain activity were @etelobth in
left cerebellum. In fact, nearly all regions of between-group differethagsg Semantic
encoding were in the opposite directi@cthizophrenia > Control). Altogether,
schizophrenia participants activated 19 regions in frontal, temporal, and pagtasc
to a significantly greater degree than control participants. These regotunded left
inferior frontal gyrus (BA 44), left superior frontal gyrus (BA 6), bilatendérior
parietal lobule (BA 40), bilateral superior parietal lobule (BA 7), and anteingulate

gyrus (BA 24). All regions are displayed in Table 6 and Figure 1.
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Table 5. Regions of significant between-group differences: Non-Semantic Encoding

Region of Interest Brodmann X Y Z Z-value for Region
Area(s) of Interest
Control > Schizophrenia
Left middle frontal gyrus 6 -33 21 54 2.68
Left medial globus pallidus -17 -5 0 3.10
Left thalamus| -24 -26 6 2.22
Left parahippocampal gyrys 35 -23 -23 -15 2.02
Left middle temporal gyrus 19 -29 -62 20 2.59
Left fusiform gyrus 36 -42 -31 -18 3.32
Left cerebellum -6 -42 -12 2.40
Right putamen 20 2 11 2.73
Right thalamusg 12 -17 9 2.88
Right pons 13 -28 -21 2.75
Right posterior cingulate gyrus 30 6 -55 20 2.34
Right fusiform gyrus 37 42 -29 -15 2.86
Schizophrenia > Control
Left precentral gyrus 4 -25 -14 65 3.58
Left superior temporal gyrus 22 -59 -35 18 491
Left inferior parietal lobule 40 -43 -36 46 3.97
Left superior parietal lobule 7 -29 -55 56 4.84
Right postcentral gyrus 2 48 -27 45 3.71
Right superior temporal gyrys 22 66 -25 16 3.91

66



The enhanced pattern of activation observed in the participants with schizophrenia
relative to the control group could be attributable to one of at least two possible
mechanisms. First, if the additional activation served a compensatory rolepoloe w
expect that those schizophrenia participants who performed the best (i.tedrdual
most items) would show the most enhanced brain activity during encoding. fitelyia
the pattern of over-activation could also be interpreted as a sign of underlying ggatholo
and inefficient cognitive processing. In this scenario, one would predict thatquptho
and cognitive inefficiency would be associated with worse subsequent recall
performance. Thus, we would expect those schizophrenia participants with poorer
memory performance to show the most enhanced encoding-related brain aetatitye r
to higher performing schizophrenia participants. To address this issue, | divided t
schizophrenia participants into two groups based on subsequent recall of semantically
encoded items: a high-performing group (N = 12, recall = 94%) and a low-perfprmi
group (N = 11, recall = 77%). When high- and low-performing schizophrenia pantgipa
were directly compared on brain activity during Semantic encoding, | foundearpat
more robust and enhanced activation in the low-performing group. Specifically, low-
performing schizophrenia participants activated a number of regions, includagyair
bilateral prefrontal cortex, during Semantic encoding to a greater dégreigh
performers. In contrast, the high-performing group activated few regioresthaor the
low-performing group. Furthermore, comparisons of high- and low-performing
schizophrenia participants to the controls revealed many regions of signifitargnces
between the low-performing group and the control group. In particular, differenoes we

observed in regions of left prefrontal cortex and parietal lobe (low performing
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schizophrenia > control). In contrast, direct comparison of the high-performing
schizophrenia participants and controls revealed few areas of significanecldés.

Taken together, these results suggest that the pattern of over-activation obséreed i
participants with schizophrenia relative to controls was associated with gabsaquent
memory performance, whereas schizophrenia participants with better maccargcy
demonstrated encoding-related brain activity that was more like thattoblson

Therefore, it is conceivable that activation enhancements, at least iarttpkeswere a

marker of underlying pathology and cognitive inefficiency, rather than seaving
compensatory role. This conclusion is based on post-hoc analyses, however, and must be

interpreted cautiously.
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Table 6. Regions of significant between-group differences: Semantic Encoding

Region of Interest Brodmann X Y Z Z-value for
Area(s) Region of Interesf
Control > Schizophrenia
Left cerebellum -21 -66 -38 2.41
Left cerebellum -38 -54 -37 2.31
Schizophrenia > Control

Left inferior frontal gyrus 44 -45 3 23 2.94
Left middle frontal gyrus 9 -32 30 37 2.55
Left medial frontal gyrus 8 -1 30 37 2.23
Left superior frontal gyrus 6 -16 -1 65 3.65
Left anterior cingulate gyrus 24 -1 5 36 3.30
Left precentral gyrus 4 -47 -12 44 2.77
Left precentral gyrus 4 -25 -25 60 3.19
Left superior temporal gyrus 22 -62 -34 20 4.81
Left inferior parietal lobule 40 -44 -37 48 3.61
Left superior parietal lobule 7 -23 -65 54 3.54
Left middle occipital gyrus 19 -46 -73 -6 2.37
Right medial frontal gyrus 6 11 2 62 2.95
Right precentral gyrus 6 43 -7 34 2.77
Right precentral gyrus 4 31 -15 64 3.25
Right paracentral lobule 4 -28 67 3.50
Right paracentral lobule 1 -17 46 3.05
Right insula 55 -30 19 3.23
Right inferior parietal lobule 40 47 -31 41 3.36
Right superior parietal lobe 7 18 -46 58 3.33
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Figurel.

Upper panelTask-related brain activation during Non-Semantic encoding. Regions
representing control > schizophrenia are shown in red. Regions representing
schizophrenia > control are shown in blue.

Lower panelTask-related brain activation during Semantic encoding. Regions
representing control > schizophrenia are shown in red. Regions representing
schizophrenia > control are shown in blue.
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| then examined the effects of Group and Encoding Condition on encoding-related
brain activity using a voxel-wise repeated measures ANOVA, with Groapt @,
Schizophrenia) as the between subjects variable and Encoding Task (Semantic, Non-
Semantic) as the within subjects variable. Consistent with my hypothesisctediea
significant main effect of Encoding Condition (Semantic > Non-Semantic) kn tas
related brain activity in a canonical network of episodic memory encodiransgg
including left inferior frontal gyrus (BA 44, 47), bilateral middle frontatus (BA 6),
and bilateral parahippocampal gyrus (BA 36), Results are displayed in Table gared Fi
2.

| also found significant Group x Encoding Condition interactions in bilateral
prefrontal and parietal lobe regions, including left middle frontal gyrus (BA®) a
bilateral inferior parietal lobule (BA 40). Results are displayed in Tal\®tbly, and
consistent with my predictions, post-hoc comparisons revealed that task-esiat@tion
differences between Semantic and Non-Semantic encoding were fpeate
schizophrenia participants than controls in a variety of regions, including tidtemi
frontal gyrus (BA 8) and left inferior parietal lobule (BA 40). Furthermtre nature of
the interaction in nearly all regions was such that schizophrenia participantsds
greater activity during Semantic (relative to Non-Semantic) engop@ihereas controls
showed either no difference between Semantic and Non-Semantic encodingesr great
activity during Non-Semantic encoding (relative to Semantic encodin{;at#e 8). The
groups were then directly compared in the regions showing Group x Encoding Condition
interactions. The analyses for Semantic encoding revealed four region€im whi

schizophrenia participants activated more than controls (including left pradagyrus
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and left inferior parietal lobule), whereas the Non-Semantic encodingsasalvealed
that controls activated three regions to a greater degree than schizophiteiapts.
Brain activity in all other regions was equivalent across groups in each egcodi

condition.
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Table 7. Regions demonstrating a sighificant main effect of Encoding Task

= R R R R S SR R SR R R R R R R )

> 5 - S

= R R e S R e Sl - R R 1

>

Region of Interest Brodmann X Y Z Direction
Area(s)

Left inferior frontal gyrus 46 -47 40 8 Sem > Non-Ser
Left inferior frontal gyrus 47 -39 20 -5 Sem > Non-Ser
Left inferior frontal gyrus 44 -41 3 29 Sem > Non-Ser
Left middle frontal gyrus 6 -28 15 57 Sem > Non-Ser
Left middle frontal gyrus 6 -45 2 49 Sem > Non-Sen
Left middle frontal gyrus 9 -48 24 30 Sem > Non-Ser
Left medial frontal gyrug 6 -1 19 46 Sem > Non-Sen
Left parahippocampal gyrus 36 -36 -31 -18 Sem > Non-Ser
Left posterior cingulate gyrus 31 -2 -38 35 Sem > Non-Ser
Left precuneus 19 -28 -73 42 Sem > Non-Ser
Left precuneus 31 -14 -65 18 Sem > Non-Ser
Left cerebellum -33 -60 -17 Sem > Non-Sen
Left lingual gyrus 18 -21 -93 -4 Sem > Non-Ser
Left orbital gyrus 19 -38 -84 25 Sem > Non-Ser
Left cerebellum -33 -81 -17 Sem > Non-Sen
Left precentral gyrus 4 -35 -18 66 Non-Sem > Ser
Left superior temporal gyrus 42 -56 -5 9 Non-Sem > Sen
Left inferior parietal lobule 40 -54 -32 22 Non-Sem > Ser
Left inferior parietal lobule 40 -45 -32 49 Non-Sem > Ser
Right middle frontal gyrus 46 49 30 25 Sem > Non-Ser
Right middle frontal gyrus 6 38 8 49 Sem > Non-Sen
Right medial frontal gyrus 9 8 30 31 Sem > Non-Sen
Right parahippocampal gyrus 36 26 -37 -12 Sem > Non-Ser
Right posterior cingulate 31 12 -62 16 Sem > Non-Ser
Right precuneus 19 20 -71 36 Sem > Non-Ser
Right middle occipital gyrus 19 39 -68 -9 Sem > Non-Ser
Right middle occipital gyrus 19 34 -82 18 Sem > Non-Ser
Right lingual gyrus 18 18 -94 -3 Sem > Non-Ser
Right cerebellum 33 -63 -31 Sem > Non-Sen
Right cerebellum 13 -80 -32 Sem > Non-Sen
Right inferior parietal lobule 40 43 -35 54 Non-Sem > Ser
Right precentral gyrus 6 33 -15 65 Non-Sem > Ser

=

-Sem = Semantic; Non-Sem = Non-Semantic
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Figure 2.

Brain regions showing a main effect of Encoding Condition. Regions representing
Semantic > Non-Semantic encoding activity are displayed in Red. Regiorsergprg
Non-Semantic > Semantic encoding activity are displayed in Blue.
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Table 8. Regions demonstrating a sighificant Group x Encoding Condition interaction

Region of Interest Brodmann X Y Z CON SCZ Z-value
Area(s) for ROI

Left middle frontal gyrus 8 -30 29 43 S =N-S S > N-S** 2.93

Left precentral gyrus 4 -20 -31 59 N-S>S*| S=N-S 2.78

Left posterior cingulate gyrus 23 -10 -58 16 S =N-S S > N-S***4 3.16

Left inferior parietal lobule 40 -35 -49 39 S =N-S S > N-S* 3.23
Left fusiform gyrus 19 -39 -66 -13 S =N-S S > N-S***4 3.27

Left inferior occipital gyrus 18 -17 -97 -4 S =N-S S > N-S*** 3.12
Left cerebellum -19 -32 -17 S=N-S S > N-S*** 3.31

Right cingulate gyrus 24 17 4 44 S =N-S S > N-S** 2.97

Right anterior cingulate gyrus 24 1 -14 40 S =N-S S > N-S*** 3.29
Right inferior parietal lobule 40 28 -46 41 N-S>S* S >N-S* 3.15
Right fusiform gyrus 20 32 -25 -25 S =N-S S > N-S*** 3.33

Right fusiform gyrus 18 40 -75 -13 S =N-S S > N-S***4 3.34

Right precuneus 19 27 -68 37 S =N-S S > N-S***4 3.25

Right lingual gyrus 17 13 -91 -4 S =N-S S > N-S**** 2.94

CON = Control; SCZ = Schizophrenia
S = Semantic encoding; N-S = Non-Semantic encoding

ROI = Region of interest
*p <.05

**p <.01

***p < .005

****p < 001
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5. | predicted a significant overlap in subsequent memory activity between groupsin
posterior/parietal regions. In contrast, subsequent memory activity among schizophrenia
participants would be associated with significant underactivation (relative to controls) in
anterior/frontal brain regions.

Four participants (3 controls, 1 participants with schizophrenia) were excluded
from the subsequent memory analyses for Semantically-encoded itemsebafcaus
missing trial types (i.e., no subsequently missed items that were seenSkemagtic
encoding).

To address this hypothesis, | conducted a 2 x 2 repeated measures ANOVA, with
Group (Control, Schizophrenia) as the between-subjects variable and Subsequent
Memory (Remembered, Missed) as the within-subjects variable, sepdoat
Semantically-encoded and Non-Semantically encoded items. For both encpéisg ty
predicted a main effect of Encoding Task, such that both groups would show sigwificantl
greater activity during encoding of subsequently recalled words than dudodiegq of
subsequently missed words. | hypothesized that this effect would be observeeiiopost
brain regions, such as bilateral inferior parietal lobe (BA 40). In contjasdicted that
neither group would show significantly greater activation during encoding of
subsequently missed words, relative to encoding of subsequently remembered words.

The ANOVA for Non-Semantically encoded items demonstrated that, contrary to
my hypothesis, control and schizophrenia participants showed significant overlap in
subsequent memory activity (Remember > Miss) in a number of areas of trané,
including left and right inferior frontal gyrus (BA 44), left precentralugy(BA 6), and

right middle frontal gyrus (BA 46). Consistent with my hypothesis, however, the groups
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also demonstrated considerable overlap in subsequent memory activitynjRemne
Miss) in posterior brain regions, including right superior parietal lobule (BAd) a
bilateral fusiform gyrus (BA 37; see Table 9, Figure 3). One regiondeasified which
showed greater activity during Non-Semantic encoding for Missed thannitmared
items (left superior temporal gyrus, BA 39). Finally, contrary to my hypdlesi
analysis for Semantic encoding did not reveal any regions showing a siginifiaan

effect of Subsequent Memory (Table 9, Figure 3).
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Table 9. Regions demonstrating a significant main effect of Subseguent Memory

UO—0)—0—Vvr—U)r—Vv

00— 00— 00— V00—V

Region of Interest Brodmann X Y Z Direction
Area(s)
Non-Semantic encoding

Left inferior frontal gyrus 44 -50 22 26 Remember > Mis$
Left precentral gyrus 6 -44 2 35 Remember > Missg
Left postcentral gyrus 3 -57 -11 43 Remember > Mis$
Left fusiform gyrus 37 -40 -48 -13 Remember > Mis
Left inferior occipital gyrus 18 -40 -80 -2 Remember > Miss
Left middle occipital gyrus 18 -34 -90 12 Remember > Mis
Left middle occipital gyrus 19 -40 -64 -10 Remember > Mis
Left precuneus 19 -25 -79 36 Remember > Mis¢
Left cerebellum -31 -40 -23 Remember > Misg
Left cerebellum -1 -45 -17 Remember > Misg
Left cerebellum -48 -51 -28 Remember > Misg
Left cerebellum -16 -39 -15 Remember > Miss
Right inferior frontal gyrug 44 43 9 31 Remember > Miss
Right inferior frontal gyrug 46 53 38 11 Remember > Mis;
Right middle frontal gyrus 46 a7 30 23 Remember > Mis
Right inferior temporal gyrus 37 52 -55 -6 Remember > Miss
Right fusiform gyrus 20 29 -35 -16 Remember > Mis
Right fusiform gyrus 37 39 -50 -16 Remember > Mis;
Right superior parietal lobule 7 28 -64 47 Remember > Miss
Right middle occipital gyrus 19 37 -68 -10 Remember > Mis;
Right middle occipital gyrus 19 41 -83 10 Remember > Mis
Right orbital gyrus 19 34 -74 27 Remember > Mis
Right cerebellum 17 -48 -8 Remember > Misg
Left superior temporal gyrus 39 -59 -61 29 Miss > Remembe

Semantic encoding

no regions of significant activity
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Figure 3.

Brain regions showing a main effect of Subsequent Memory. Regions representing
encoding activity for Remembered > Missed items are displayed in Red. Regions
representing encoding activity for Missed > Remembered items areygidptaBlue.
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| also predicted a significant Group x Subsequent Memory interaction, such that
controls would show greater subsequent memory activity than schizophrenia pasicipa
for Non-Semantically-encoded items. Specifically, | hypothesizeddah&ton-
Semantically encoded items, controls would show greater subsequent menteny-rela
activity (remember > miss) than schizophrenia participants in left infeeantal gyrus
(BA 45/47), inferior parietal lobe (BA 40), and hippocampus. However, | predicted that
between-group differences in subsequent memory activity would be reduced or
eliminated for Semantically encoded items.

The ANOVAs revealed 3 regions that demonstrated a significant Group x Subsequent
Memory interaction for Semantic encoding, as well as 17 regions demons#rating
significant Group x Subsequent Memory interaction for Non-Semantic encoding (Tabl
10, Figure 4).

Contrary to my predictions, post-hoc comparisons for the Semantic encoding
regions revealed that controls showed significantly greater activiifigsed items than
Remembered items in two of the three areas, while schizophrenia participavwesd
greater activity for Remembered than Missed items in one area (righoiindarietal
lobule, BA 40). Contrary to my predictions, post-hoc comparisons for the Non-Semantic
encoding regions revealed that in 14 of the 17 regions, schizophrenia participants
demonstrated significantly greater encoding-related activity duengsithat were
subsequently remembered (relative to subsequently missed). Notably, sonse of the
regions have been previously identified in studies of subsequent memory in healthy
controls (e.qg., left superior frontal gyrus, left fusiform gyrus, left suppadetal lobule,

left cerebellum), although others have not. In contrast, controls showed greatdingn
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activity during items that were subsequently missed (relative to subsgquentl
remembered) in 8 of the 17 regions (see Table 10, Figure 4). Surprisingly, acfubse
regions showing Miss > Remember activity among controls have also beefiadeagi
subsequent memory regions in previous studies (e.qg., left medial frontal gyrus, left

middle frontal gyrus, left cerebellum).
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Table 10. Regions demonstrating significant Group x Subsequent Memory interactions

Region of Interest Brodmann X Y Z Control Schizophrenia Z-value
Area(s) for ROI
Semantic encoding
Left middle frontal gyrus 46 -46 30 24 | M >R** R=M 2.95
Right superior temporal gyrus 22 49 -29 0 M > R* R=M 2.76
Right inferior parietal lobule 40 42 -50 39 R=M R>M** 3.13
Non-Semantic encoding
Left medial frontal gyrus 9 -3 38 29 | M >R** R=M 2.89
Left superior frontal gyrus 10 -17 53 5 | M >R*** R=M 3.22
Left superior frontal gyrus 8 -22 49 39 R=M R>M** 3.11
Left superior parietal lobule 7 -29 -70 44 R=M R > M*** 2.72
Left fusiform gyrus 19 -29 -47 -12 R=M R > M**** 2.87
Left cuneus 19 -26 -86 22 R=M R > M**** 3.13
Left cuneus 18 -21 -99 -1 M > R* R>M** 3.50
Left cerebellum -11 -45 -2 R=M R > M*** 2.94
Left cerebellum -23 -82 24 | M > R*** R>M** 3.87
Left cerebellum -46 -60 -35 | M > R*** R>M** 4.08
Right inferior frontal gyrus 47 a7 23 -8 M > R* R > M*** 3.66
Right superior frontal gyrus 6 9 10 66 | M >R** R=M 3.07
Right cuneus 17 13 -95 2 M > R* R>M* 2.96
Right cerebellum 26 -55 -13 R=M R > M**** 2.89
Right cerebellum 36 -71 -26 R=M R > M**** 3.03
Right cerebellum 9 -80 -33 R=M R>M** 3.07
Right cerebellum 20 -79 -15 R=M R>M** 2.96
R = Remember; M = Miss; ROI = Region of interest
*p < .05
**p < .01
**xp < .005
****p < 001
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Figure4.

Brain regions demonstrating significant Group (control, schizophrenia) x Subsequent
Memory (Remember, Miss) interactions. Areas demonstrating interaéions
Semantically encoded items are displayed in red. Areas demonstratmagtiotes for
Non-Semantically-encoded items are displayed in blue.
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Encoding-Related Brain Activity: Summary

The analyses in this section examined encoding-related and subsequent memory-
related brain activity in both groups. Regarding encoding-related brain aaivitynber
of predictions were upheld. Most notably, individuals with schizophrenia demonstrated
robust brain activity differences between encoding conditions (Semantic > Non-
Semantic), whereas controls largely showed no differences or differenbesojpposite
direction. There was also evidence that Semantic encoding was assodiated wi
significant increases in task-related activation among schizophreti@gamts relative
to controls, in regions that included left inferior frontal (BA 44) and middle frgyrais
(BA 9) and bilateral inferior parietal lobule (BA 40). Both findings further supher
notion that individuals with schizophrenia show enhanced brain activity during
supportive encoding conditions in episodic memory paradigms, although post-hoc
analyses suggested that the additional activity in the schizophrenia group was
pathological rather than compensatory in nature. In contrast to my hypotheses, | did not
find the predicted significant activity in left inferior frontal gyrus durgmantic > Non-
Semantic encoding among schizophrenia participants. Furthermore, | did notyfind an
significant between-group differences (control > schizophrenia) in tlécped frontal or
hippocampal regions.

Regarding the subsequent memory data, | identified a number of brain regions in
which subsequent memory effects were found in both controls and individuals with
schizophrenia, as well as additional regions in which subsequent memory efiects we
found exclusively in schizophrenia participants. As predicted, the analyseledeaea

significant degree of overlap in subsequent memory activity between thel cord
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schizophrenia participants in posterior brain areas (e.g., right superidaplabele, left
precuneus). This finding contributes to a small but growing literature suggésitng
subsequent memory activity in schizophrenia is similar to that of controls mafrea
parietal cortex. Contrary to my predictions, however, controls and schizophrenia
participants also showed overlapping patterns of subsequent memory activation in
regions of bilateral frontal cortex (among other areas). Furthermore, sclaa@phr
participants showed significant activation differences between remedthaed missed
items (Remember > Miss) in additional regions of frontal cortex, wherea®lsdargely
showed either no differences between remembered and missed items or gtiedter a
for missed than remembered items in those areas. To my knowledge, this is a novel
finding and suggests that subsequent memory effects in schizophrenia participants ca
also be identified in frontal regions and overlap to some degree with subsequent memory
activity found in healthy controls.
Retrieval-Related Brain Activity: Results

The third set of results outlined below concerns brain activity during rdtrieva
Specifically, the focus of the following predictions relates to the effeabthf Encoding
Orientation (Semantic vs. Non-Semantic) and Cueing (Cued vs. Uncued) on retrieval
related brain activity in participants with schizophrenia and healthy cantrols
Furthermore, this set of hypotheses examines the interactive efféatsoding
Orientation, Cueing, and Group on brain activity during retrieval. The specifidanses

used to address this area of interest are as follows:
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Effects of Cueing on Retrieval-Related Brain Activity

1. | predicted that during retrieval of Uncued words (relative to Cued retrieval),
schizophrenia participants would show the typical pattern of fronto-temporal
dysregulation found in previous studies, including overactivation of frontal regions and
under activation of hippocampus.

In order to address this hypothesis, | directly compared the control and
schizophrenia groups on Uncued retrieval-related activity, using a between gtesips
| predicted significant between-group differences (control > schizophrenetyrieval-
related brain activity during retrieval of Uncued words. Specifically zegrenia
participants will show significant reductions in hippocampal activity, in conibimavith
significantly greater activity in frontal cortex regions, such agimférontal gyrus (BA
45/47), bilateral middle frontal gyrus (BA 6/44) and anterior prefrontal cortex (BA
10/46).

Contrary to my predictions, results of the analysis revealed that contiottedtt
frontal regions (among others) to a significantly greater extent tharoptinenia
participants. Regions of significant between group differences includd@éhett7) and
right (BA 45) inferior frontal gyrus, bilateral middle frontal gyrus (B8), and left
superior frontal gyrus (BA 8). However, also contrary to my predictions, | did rexttdet
any significant between-group differences in hippocampus. All regions areyéigta

Table 11.
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Table 11. Regions of significant between-group differences: Uncued retrieval

Region of Interest Brodmann X Y Z Z-value
Area(s) for ROI
Control > Schizophrenia
Left inferior frontal gyrus* 47 -43 21 -5 3.64
Left middle frontal gyrus* 10 -37 42 12 3.07
Left middle frontal gyrus* 9 -37 15 33 3.52
Left middle frontal gyrus 9 -27 38 36 3.02
Left superior frontal gyrus 8 -27 14 52 2.66
Left caudate* -13 5 11 3.75
Left putamen -26 -11 7 2.69
Left middle temporal gyrust 39 -51 -75 25 3.66
Left superior temporal gyrus 22 -60 -1 9 3.17
Left inferior parietal lobule* 40 -42 -68 45 3.96
Left inferior parietal lobule* 40 -54 -49 45 3.42
Posterior cingulate gyrus 23 -1 -28 33 3.08
Posterior cingulate gyrug* 31 -1 -61 28 3.37
Left middle occipital gyrus 19 -31 -78 20 3.09
Left lingual gyrus* 18 -6 -89 -1 3.14
Right inferior frontal gyrus? 44 39 36 2 3.31
Right inferior frontal gyrus? 45 55 21 5 3.43
Right middle frontal gyrus 10 32 43 21 3.01
Right middle frontal gyrus 9 44 32 34 2.95
Right superior frontal gyrusf 8 9 30 48 3.42
Right precentral gyrus 6 51 2 17 3.13
Right anterior cingulate gyrus 32 6 31 22 2.98
Right insula 37 -16 10 2.81
Right thalamus 1 -23 10 3.09
Right middle temporal gyrus* 21 55 -39 -3 3.04
Right middle temporal gyrus 39 48 -62 11 3.20
Right middle temporal gyrus 21 49 -12 -12 2.82
Right posterior cingulatef 30 20 -57 12 3.22
Right inferior parietal lobule’ 40 34 -52 45 3.69
Right angular gyrus 39 50 -66 33 3.21
Right orbital gyrus* 19 33 -82 27 3.13
Right inferior occipital gyrus? 18 27 -85 -5 3.60
Right cerebellum? 55 -48 -26 3.38
Schizophrenia > Control
no regions of significant activity

*Denotes regions that continued to show significant between-group differences when
signal-to-noise ratio was equated between groups.
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2. | also predicted that Cued (relative to Uncued) retrieval would be associated with
fewer between-group differencesin retrieval-related brain activity.

In order to address this hypothesis, | compared control and schizophrenia
participants on retrieval-related brain activity during Cued retrievagusivetween
groups t-test. | predicted that schizophrenia participants would show markedigaedu
activation differences in hippocampus (control > schizophrenia), as well asiinferi
frontal (BA 45/47), middle frontal (BA 6/44), and anterior prefrontal (BA 10/46) cestic
(schizophrenia > control), although such differences would persist despite thepralsen
retrieval cues.

Contrary to my hypothesis, Cued retrieval was not associated with noticeably
fewer between-group differences in retrieval-related brain activityil&ito the Uncued
retrieval condition, control participants continued to show greater retrelaéd
activity than schizophrenia participants in a wide variety of fronto-tempegains, as
well as posterior areas (see Table 12). Unlike Uncued retrieval, howevieghrenia
participants showed greater activity than controls in one brain region (lefitetieim).

Next, in order to assess the effects of Cueing and Group on retrieval-related bra
activity, | conducted a voxel-wise repeated measures ANOVA, with Goaurrol,
schizophrenia) as the between-subjects variable and Cueing (Cued, Uncued) as the
within-subjects variable. | predicted a significant main effect ofifi@yeuch that both
groups would show significantly greater hippocampal activity (particuladisft

hemisphere) for Cued (relative to Uncued) recall.
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Table 12. Regions of significant between-group differences: Cued retrieval

Region of Interest Brodmann X Y Z Z-value
Area(s) for ROI

Control > Schizophrenia

-42 24 -8 3.71

Left inferior frontal gyrus* 4
1

7
Left middle frontal gyrus* 0 -43 46 11 3.17

Left middle frontal gyrus* 9 -41 13 39 3.43
Left superior frontal gyrus 9 -22 42 33 3.06
Left superior frontal gyrust 8 -4 32 53 3.00
Left putamen -19 9 9 3.20

Left middle temporal gyrust 21 -57 | -50 2 3.54
Left superior temporal gyrus 22 -57 8 0 3.40
Left posterior cingulate gyrus 31 -1 -28 35 2.94
Left inferior parietal lobule* 40 -51 | -42 43 3.25
Left precuneus? 18 -3 -67 27 3.26

Left middle occipital gyrus 19 -31 | -79 19 3.49
Right inferior frontal gyrug 44 41 18 12 3.30
Right inferior frontal gyrug 44 56 3 19 3.38
Right middle frontal gyrus 10 35 37 -3 3.35
Right medial frontal gyrus 8 7 46 37 3.33
Right superior frontal gyrusf 8 16 33 50 3.59
Right superior frontal gyrusf 8 33 11 48 3.58
Right superior frontal gyrus 9 31 43 26 3.42
Right middle temporal gyrusf 39 51 -64 24 3.33
Right middle temporal gyrusf 21 59 -49 -6 3.54
Right middle temporal gyrus 21 50 -13 | -11 2.91
Right insula 46 -24 17 2.84

Right caudate 22 -32 15 2.56

Right caudate? 9 2 10 3.35

Right anterior cingulate gyrus 24 15 8 35 2.81
Right superior parietal lobule* 7 39 -55 49 3.87
Right fusiform gyrus* 18 29 -84 | -14 3.22

Right superior occipital gyrusf 19 33 -82 28 2.89

Schizophrenia > Control

Left cerebellum* -13 -40 -40 2.88

*Denotes regions that continued to show significant between-group differences when
signal-to-noise ratio was equated between groups.
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My hypothesis regarding the main effect of Cueing was largely unsupported. The
analysis revealed only one region demonstrating a significant main @ff@aeing (left
lingual gyrus, BA 18). Post-hoc comparisons revealed that both groups activated this
region more during Cued than Uncued retrieval. However, | did not detect any main
effects in the predicted regions (i.e., hippocampus).

Furthermore, | predicted a significant Cueing x Group interaction, such that
participants with schizophrenia would show more enhanced hippocampal activity
(relative to controls) during Cued than Uncued recall. Specifically, | gesetlibat the
provision of recall cues will be associated with a robust pattern of brain aativit
hippocampus, in combination with reduced activity in bilateral prefrontal coriex (B
45/47, 10/46), in the schizophrenia group.

Contrary to my hypothesis, schizophrenia participants did not show significant
activation enhancements in hippocampus relative to controls during Cued recall (as
compared to Uncued recall). In fact, a Group by Cueing interaction was deteotdy
one region, an area in left frontal cortex closest to BA 6 (-26, 1, 32). Post-hoc
comparisons revealed that the between-group difference (control > schizoptoeimg)
Cued retrieval was smaller than during Uncued retrieval.

Effects of Cueing: Summary

My predictions with regard to the effects of Cueing on retrieval-related br
activity were unsupported. During both Cued and Uncued retrieval, controls activated a
network of frontal, temporal, and posterior regions to a significantly gréatgee than

schizophrenia participants. Thus, despite the behavioral benefits conferred by the
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retrieval cues, schizophrenia participants did not demonstrate the expectedtiomglula

in brain activity when these cues were present.

Effects of Encoding Orientation on Retrieval-Related Brain Activity

3. Consistent with previous work, schizophrenia participants would demonstrate
significant deficitsin retrieval-related brain activation during retrieval of words encoded
Non-Semantically.

To address this hypothesis, | conducted a between-groups t-test directly
comparing retrieval-related activity between groups for retrietalords encoded in the
Non-Semantic encoding condition. | predicted that retrieval of items encamed N
Semantically would be associated with significant between-group difiess€nontrol >
schizophrenia) in retrieval-related brain activity. More specifycalbntrols would show
significantly greater retrieval-related activity than schizoplar@airticipants in
hippocampus, while schizophrenia participants would show significantly greater
activation than controls in bilateral frontal regions (BA 45/47, BA 10/46).

My predictions regarding this hypothesis were somewhat supported. The analysis
revealed significant between-group differences (control > schizophrenia)@vaét
related brain activity in variety of regions, including those that are typiaséociated
with episodic memory retrieval (e.g., left middle frontal gyrus, left iofgrarietal
lobule). However, between-group differences were not detected in hippocampus (see

Table 13 for all regions).
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Table 13. Regions of significant between-group differences: Non-Semantic retrieval

Region of Interest Brodmann X Y Z Z-value
Area(s) for ROI
Control > Schizophrenia
Left inferior frontal gyrus* 47 -39 20 -8 3.90
Left middle frontal gyrus 6 -21 19 52 2.78
Left middle frontal gyrus* 10 -39 44 14 3.21
Left middle frontal gyrus 9 -25 42 34 2.98
Left middle frontal gyrus* 9 -42 14 38 3.43
Left superior frontal gyrus 8 -3 42 44 3.43
Left middle temporal gyrus 21 -55 | -29 -6 2.89
Left middle temporal gyrust 37 -56 | -53 -2 3.16
Left superior temporal gyrus* 22 -57 5 1 3.62
Left putamen* -22 5 9 3.56
Left inferior parietal lobule* 40 -54 | -44 44 3.51
Left precuneus? 31 -6 -61 26 3.59
Left middle occipital gyrus? 19 -31 | -79 19 3.54
Right inferior frontal gyrus? 45 54 22 2 3.72
Right inferior frontal gyrug 44 36 39 1 3.22
Right middle frontal gyrus 9 35 42 27 3.41
Right superior frontal gyrusf 8 14 32 48 3.50
Right superior frontal gyrusf 8 33 13 49 3.49
Right precentral gyrus 6 57 3 14 3.42
Right insula 13 39 10 -4 3.06
Right insula 13 37 4 17 2.97
Right insula 13 46 -19 14 2.80
Right anterior cingulate gyrus 24 8 30 16 3.01
Right anterior cingulate gyruys 24 14 8 37 2.76
Right thalamus 22 -27 6 2.79
Right middle temporal gyrus 21 56 -38 -3 3.20
Right middle temporal gyrus 21 55 -17 | -18 3.01
Right middle temporal gyrus® 39 51 -64 28 3.08
Right superior parietal lobule* 7 39 -58 52 3.64
Right inferior occipital gyrus? 18 27 -87 | -14 3.26
Right lingual gyrus* 17 3 -91 -4 3.29
Schizophrenia > Control
no regions of significant activity

*Denotes regions that continued to show significant between-group differences when
signal-to-noise ratio was equated between groups.
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4. In contrast, schizophrenia participants would show more typical retrieval-related
brain activity patterns during recall of items encoded Semantically.

In order to address this hypothesis, | conducted a within-group t-test cogpari
retrieval-related brain activity for items encoded Semanticallioa-Semantically
among schizophrenia participants. | predicted that during retrieval of itetneére
encoded Semantically (as compared to Non-Semantically), schizophreragpats
would show enhanced activity in left inferior frontal gyrus (BA 45/47), anterior
prefrontal cortex (BA 10/46), inferior parietal lobe (BA 40), and hippocampus (among
other regions).

Contrary to my hypothesis, retrieval of items encoded Semanticalltivesia
Non-Semantically) among schizophrenia participants was associakesigvitficant
activity in only one region (left subcallosal gyrus, BA 25). The opposite cofiiast
Semantic retrieval > Semantic retrieval), however, revealed isigmifactivity in 12
regions, with some indication of more right-lateralized than left-lape@lactivity. Full

results are displayed in Table 14 and Figure 5.
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Table 14. Regions of significant retrieval-related activity for items encoded
Semantically vs. Non-Semantically: Schizophrenia participants

Region of Interest Brodmann X Y Z
Area(s)
Semantic > Non-Semantic
Left subcallosal gyrus 25 -10 21 -13
Non-Semantic > Semantic
Left inferior frontal gyrus 44 -42 7 26
Left fusiform gyrus 18 -33 -78 -13
Left middle occipital gyrus 18 -23 -98 11
Right inferior frontal gyrus 45 31 26 6
Right middle frontal gyrus 9 41 11 32
Right anterior cingulate gyrus 32 1 21 40
Right parahippocampal gyrus 37 23 -45 -8
Right fusiform gyrus 37 44 -62 -9
Right fusiform gyrus 19 27 -80 -11
Right cuneus 17 18 -95 -2
Right middle occipital gyrus 19 29 -83 21
Right cerebellum 4 -74 -31
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Figure>b.

Brain regions in participants with schizophrenia demonstrating significdetedites in
brain activity for retrieval of Semantically-encoded vs. Non-Semalytieacoded items.
The Semantic > Non-Semantic retrieval contrast is displayed in redNdm&emantic >
Semantic retrieval contrast is displayed in blue.
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5. Furthermore, retrieval of items encoded Semantically would be associated with fewer
between-group differences (control > schizophrenia) in brain activity.

In order to address this hypothesis, | conducted a between groups t-testt in orde
to directly compare retrieval-related activity between groups faevedrof words
encoded Semantically. Based on previous findings in this area, | predicted thgt duri
retrieval of Semantically encoded items, controls would again show moréyaittan
schizophrenia participants in hippocampus, while schizophrenia participants would show
greater activity in bilateral inferior frontal gyrus (BA 45/47) and middbatal gyrus
(BA 6/44).

Contrary to my predictions, controls did not show significant enhancements in
hippocampal activity relative to schizophrenia participants during retréval
Semantically encoded items, although they demonstrated greaterydbawit
schizophrenia participants in numerous other regions (see Table 15). These included
bilateral inferior frontal (BA 44, 47) and middle frontal gyrus (BA 6, 9), aoteri
cingulate (BA 24), and right superior parietal lobule (BA 7). Also contrary to my
hypothesis, schizophrenia participants failed to activate any brain regionsettex gr

degree than controls during retrieval of Semantically encoded items.
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Table 15. Regions of significant between-group differences: Semantic retrieval

Region of Interest Brodmann X Y Z Z-value
Area(s) for ROI

Control > Schizophrenia
Left inferior frontal gyrus* 47 -41 23 -8 3.34
Left middle frontal gyrus* 10 -47 48 -5 2.72
Left middle frontal gyrus 9 -21 38 36 2.97
Left middle frontal gyrus 46 -35 41 15 3.08
Left middle frontal gyrus* 9 -44 24 31 3.19
Left middle frontal gyrus* 9 -30 11 38 3.14
Left cingulate gyrug 23 -1 -28 33 3.15
Left angular gyrus? 39 -53 | -61 36 3.95
Left precuneus? 31 0 -62 26 3.22
Left middle occipital gyrus 19 -31 | -79 19 3.32
Left lingual gyrus 18 -13 | -84 4 2.82
Right inferior frontal gyrus? 44 55 16 15 3.14
Right middle frontal gyrus 46 37 35 26 3.13
Right middle frontal gyrus’ 6 34 9 44 3.17
Right medial frontal gyrus 8 3 46 38 3.08
Right superior frontal gyrusf 8 11 26 50 3.39
Right anterior cingulate gyruys 24 10 30 17 2.89
Right anterior cingulate gyrus 24 13 5 34 2.84
Right caudate? 9 2 12 3.35
Right caudate 20 -32 14 2.72
Right middle temporal gyrus® 37 53 -66 9 3.34
Right middle temporal gyrus® 37 59 -50 -7 3.53
Right transverse temporal gyrus 41 47 -20 13 2.91
Right superior parietal lobule* 7 38 -56 50 4.00
Right posterior cingulate gyrys 30 25 -68 7 3.09
Right angular gyrus? 39 54 -68 30 3.41
Right orbital gyrus* 19 32 -82 25 3.12
Right fusiform gyrus* 19 30 -83 | -14 3.40
Right precuneus 19 9 -80 40 2.84
Right lingual gyrus 18 6 -91 -1 3.00

Schizophrenia > Control

no regions of significant activity

*Denotes regions that continued to show significant between-group differences when
signal-to-noise ratio was equated between groups.
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Next, in order to further examine the effects of Group and Encoding Orientation
on retrieval-related brain activity, | conducted a voxel-wise redeatasures ANOVA
with Group (Control, Schizophrenia) as the between subjects variable and Encoding
Orientation (Semantic, Non-Semantic) as the within-subjects varldlyk. predicted a
significant main effect of Orientation, such that both groups would show more left
inferior frontal cortex (BA 45/47), anterior prefrontal cortex (BA 10/46), and
hippocampal activity during retrieval of Semantically encoded words.

The ANOVA identified 16 regions that showed significant main effects of
Encoding Orientation. Contrary to my predictions, however, the differences agialhs
were in the direction of greater brain activity during retrieval of Nonseically
encoded items (relative to Semantically-encoded items). The analysatecetigat both
groups activated bilateral inferior frontal gyrus (BA 47), right middle frogyalis (BA
9), and right fusiform gyrus (BA 37) to a greater degree during retrieWbof

Semantically encoded items. All regions are displayed in Table 16 and Figure 6.
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Table 16. Regions demonstrating a significant main effect of Encoding Condition for

Retrieval-related brain activity

=

L R e pa—

Region of Interest Brodmann X Y Z Direction
Area(s)

Left inferior frontal gyrus 47 -37 23 1 Non-Sem > Sem
Left inferior frontal gyrus 44 -41 8 27 Non-Sem > Sem
Left medial frontal gyrus 8 -1 19 45 Non-Sem > Sem
Left middle occipital gyrus 18 -29 -79 -10 Non-Sem > Sem
Left middle occipital gyrus 18 -25 -91 7 Non-Sem > Sem
Left cerebellum -5 -76 -30 Non-Sem > Sen
Right inferior frontal gyrus 47 36 24 -1 Non-Sem > Sen
Right inferior frontal gyrus 47 50 39 -11 Non-Sem > Sen
Right middle frontal gyrus 9 46 8 38 Non-Sem > Sern
Right middle frontal gyrus 46 52 24 24 Non-Sem > Sen
Right fusiform gyrus 37 42 -60 -17 Non-Sem > Sen
Right inferior occipital gyrus 18 32 -79 -6 Non-Sem > Sen
Right middle occipital gyrus 19 31 -85 15 Non-Sem > Sen
Right cuneus 18 17 -99 3 Non-Sem > Sen
Right cerebellum 28 -41 -16 Non-Sem > Sem
Right cerebellum 3 -57 0 Non-Sem > Sem

*all p’s <.001
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Figure®6.

Brain regions demonstrating a significant main effect of Encoding Condition for
retrieval-related brain activity. In all regions (shown in red), retriet/&lon-
Semantically-encoded items was associated with significantlyegreain activity than
retrieval of Semantically encoded items
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| also predicted a Group x Encoding Orientation interaction, such that partscipiémt
schizophrenia would show significantly greater retrieval-related bcaivits differences
in left inferior frontal gyrus (BA 45/47), anterior prefrontal cortex (BA4B)/ and
hippocampus for retrieval of Semantically-encoded items (relative to Noar8ieally
encoded items), compared to controls.

Contrary to my hypothesis, the analysis revealed only two regions that
demonstrated a significant Group by Encoding Orientation interaction: miginioir
temporal gyrus (BA 20; 58, -21, -17) and left caudate (-18, -24, 28). Post-hoc
comparisons revealed that in both regions, between-group differences (control >
schizophrenia) were greater during retrieval of Non-Semanticatigded items,
compared to retrieval of Semantically encoded items.

Effects of Encoding Orientation on Retrieval-Related Activity: Summary

Nearly all of my hypotheses regarding encoding orientation effects cavettr
related brain activity were unsupported. Between-group differences evedtactivity
(control > schizophrenia) following Non-Semantic encoding were not reduced or
eliminated for retrieval of Semantically encoded items as | had peddi€urthermore,
schizophrenia participants activated numerous regions to a greater degnaetwbeing
Non-Semantically encoded items (relative to Semantically-encodad)itélthough not
predicted, this finding is notable and may suggest that more cognitive effoeeded

by schizophrenia participants in order to retrieve poorly encoded items.
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Interaction between Cueing and Encoding Orientation

6. Finally, | predicted that schizophrenia participants would show retrieval-related
activity that was most similar to that of controls during Cued retrieval of Semantically
encoded words.

In order to address this hypothesis, | conducted a voxel-wise repeatedaseasur
ANOVA with Group (Control, Schizophrenia) as the between subjects variable, and
Encoding Orientation (Semantic, Non-Semantic) and Cueing (Cued, Uncued) as the
within-subjects variables. | predicted a significant Group x Encoding GomditCueing
interaction, such that retrieval-related brain activity among schizojhpaniicipants
would be most similar to that of control participants in left inferior frontal g{Bds
45/47), middle frontal gyrus (BA 6/44), anterior prefrontal cortex (BA 10/46), and
hippocampus during Cued (relative to Uncued) retrieval of words encoded Sefltyantica
(relative to Non-Semantically). Under this hypothesis, participants whikgghrenia
would show significantly more retrieval-related activity in theseorgiwhen oriented to
the semantic relationship between words and scenes (as compared to not) and when
provided with retrieval cues (as compared to not provided with cues). Furthermore, |
predicted that these brain activity differences would be significanthtgréhan those
found in the control group.

Contrary to my hypotheses, there were no regions that showed significant Group
by Cueing by Encoding Orientation interactions and survived the threshold andrmduste
analysis, although subthreshold activity was detected in bilateral infeorgaf regions

and a left inferior temporal lobe region, among others.
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Retrieval-Related Brain Activity: Summary

Overall, the majority of my hypotheses regarding retrieval-relatd bctivity
were unsupported. Cueing had virtually no impact on between-group differences in brain
activity at retrieval. Controls demonstrated significantly great@rigcthan
schizophrenia participants in a number of brain regions during both Cued and Uncued
retrieval. Finally, both groups showed greater brain activity during retrievadiof N
Semantically encoded items, whereas the opposite contrast (SemantieSefantic)
revealed few significant regions, suggesting that the increasedyaséeit for retrieval

of Non-Semantically encoded items reflected increased retriewal b¥f both groups.

Effect of Signal-to-Noise Ratio on Task-Related Brain Activity

One potential confounding factor related to neuroimaging analyses ([zalyicu
involving psychiatric populations, such as individuals with schizophrenia) is poor signal-
to-noise ratio (SNR). Specifically, the fMRI signal that is derived fronmkrssue in
individuals with schizophrenia is often less strong than the signal from control
participants. This may be due, at least in part, to inherent properties of thedsteen t
itself, as well as factors related to participant behavior during the dpiesiéion process
(e.g., excessive head movement in scanner). Between-group discrepanciessiyhad
therefore, make it difficult to interpret differences in brain activisysach differences
could reflect genuine variation in brain activity between groups or simplytigacar

In order to address this issue, | first compared the peak SNR values fot contr
and schizophrenia participants in each of the 9 scanning runs. In 7 of the 9 runs, control
participants had significantly higher peak SNR values than schizophrenigoaatsdall

p's < .04), with trend-level effects for the remaining 2 runs (p-values of .06 and .11,
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respectively). Therefore, | created 2 groups (n = 15 for each) that werieeth@n peak
SNR (control = 503.3; schizophrenia = 514.9). Using these groups, | compared control
and schizophrenia participants on brain activity within each of the regions that showed
significant between-group differences in the analyses described above.
Effect of Sgnal-to-Noise Ratio on Encoding & Subsequent Memory Analyses

With regard to between-group differences observed during Semantic encoding, all
regions that previously demonstrated significant group differences (control >
schizophrenia or schizophrenia > control) remained significant with the matchgzsg
The analysis for Non-Semantic encoding revealed that all regions in thegut@nia >
control contrast remained significant, while 9 out of 12 regions in the control >
schizophrenia contrast remained significant. Left parahippocampal gghisfusiform
gyrus, and left cerebellum were no longer significant when SNR was mataiosd a
groups.

The Group x Encoding Condition analysis revealed that 10 out of 14 regions
remained significant, including anterior and posterior cingulate gyrus, nifghniar
parietal lobule, and right fusiform gyrus, while left middle frontal (BA 8) amdgmtral
gyrus (BA 4) activity was no longer significant. Lastly, 18 of 20 regions dematinst a
Group x Subsequent Memory interaction remained significant when SNR-matched
groups were used. Only regions in left and right cerebellum were non-signifidalet
areas including left middle frontal gyrus (BA 46), right inferior patiletaule (BA 40),
and left medial frontal gyrus (BA 9) continued to show a significant interaction.

Effect of Sgnal-to-Noise Ratio on Retrieval Analyses
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Comparison of the matched groups in the previously defined regions for Uncued
retrieval revealed that 19 of the 33 regions remained significant (control >
schizophrenia). These included left middle frontal gyrus (BA 9), right orfénontal
gyrus (BA 45), and bilateral inferior parietal lobule (BA 40), all of which are knmw
contribute to successful retrieval. Similarly, 15 of the original 29 regiomsifieel for
between-group differences in Cued retrieval (control > schizophrenia) remained
significant. Among these were left middle frontal gyrus (BA 9), right sap&ontal
gyrus (BA 8), left inferior parietal lobule (BA 40), and right fusiforgmuys (BA 18).

Analysis of the between-group differences (control > schizophrenia) ievedtr
for items encoded Non-Semantically revealed that 16 out of 31 regions remained
significant, while 16 of 30 regions remained significant for the Semantievait
analysis (control > schizophrenia). For items encoded both Non-Semantically and
Semantically, controls continued to demonstrate significantly greatieved-related
brain activity in bilateral inferior frontal gyrus (BA 44, 45/47), left middle fedigfyrus
(BA 9), and right superior parietal lobule (BA 7), among a number of other regions.
SNR-Matched Analyses. Summary

The Encoding and Subsequent Memory brain activity analyses using groups of
control and schizophrenia participants matched on signal-to-noise raticectf@al
discrepancies compared to the original findings. Most (or all) regions oébetgroup
differences that were originally identified remained significants Thiikely related, at
least in part, to the fact that many of the differences were in the direction of
schizophrenia participants > controls. Thus, it is logical that when using only

schizophrenia participants with higher SNR, the differences would remaincaghif
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The analyses of Retrieval-related brain activity revealed somelifeaent
results. In the four contrasts described, roughly half of the regions that vggnalor
found to be more active in controls than schizophrenia participants were no longer
significant when SNR was matched between groups. This suggests that some of the
between-group differences observed at retrieval may be artifactualine naossibly due
to head movement, speaking in the scanner, or other factors. However, as apprpximatel
half of the regions remained significant, it is logical to conclude that theté&ealy true
differences between groups during episodic memory retrieval, partycudrontal and
parietal regions.

Individual Difference Measures. Results

The fourth set of results outlined below concerns the effect of individual
differences on behavior and brain activity. Specifically, the focus of the foljpw
predictions relates to the influence of inherent semantic processing abikipisodic
memory and task-related brain activity in individuals with schizophrenia aithje
controls. The specific questions used to address this area of interestalieess f
1. | predicted that participants from both groups who scored higher on measures of
semantic processing ability would show greater subsequent memory benefits for
semantically-encoded items (relative to items encoded non-semantically) than
participants who scored lower on semantic processing measures.

In order to address this hypothesis, | first created a verbal sematssging
composite variable by summing z-scores from performance on the WAIS Vogabular
WAIS Similarities, and Pyramids and Palm Trees tests for each partidalpha =

0.92). | then conducted Pearson'sorrelations between recall measures and the semantic
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processing composite variable. Results are displayed in Table 17. Controppat$icCi
demonstrated significant correlations between semantic processiyg atulinearly all
recall measures: percent correct for Non-Semantically-encoded wordsedwords,
Cued words, total percent correct, and total percent correct of previouslyesasn it
Consistent with predictions, schizophrenia participants also demonstratectargnif
correlations between semantic processing ability and Semanticallyezshpettent
correct, as well as semantic processing ability and Non-Semayeoabded percent
correct, total percent correct, total percent correct of previously-sees) é@d Uncued
percent correct. None of the correlations differed significantly betwgesups.
Inspection of the scatterplot showing the relationship between semantic
processing ability and recall of semantically-encoded items (Figuseggested more
variance in recall performance and semantic processing ability amongut@nia
participants. However, it is also clear that individuals with schizophrenia whHagirer
on semantic processing ability perform more similarly to controls onl cal
semantically-encoded items than schizophrenia participants who are lowenamtise

processing ability.
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Table 17. Correlations between symptoms & semantic processing and recall performance

Total % Total % | % Correct Non- Semantic| Uncued Cued
Correct Correct | Rejections| Semantic| % Correct| % Correct| % Correct
(of old) % Correct
Control
Semantic Processing .48* 46* .29 49* .35 48* A3*
Positive Symptoms .02 .05 -.20 .06 .00 .04 .05
Negative Symptoms  -.15 -.09 -47* -.10 -.09 -.14 -.04
Disorganized Symptoms  -.19 -.21 .08 -.31 .09 -.21 -.19
Schizophrenia
Semantic Processing .52** 50* 24 41* Dh*** 41* .39
Positive Symptoms .00 .03 -11 .01 .06 22 A7
Negative Symptoms  -.06 -.11 15 -.10 -.09 -.18 -.13
Disorganized Symptoms  -.32 -.32 -.10 -.21 -.42* -.16 -.16

-Neuropsychological and symptom data unavailable for 2 participants (1 contbizdphrenia)

*p < .05
**p < .01
*k) <005
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Figure 7. Scatterplot demonstrating association between Semantic Processing
Composite measure and recall of Semantically-encoded itemsin both groups
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Next, | created symptom summary scores for three symptom clustets/gosi
negative, and disorganized) by summing global rating scores for each domain from the
SAPS and SANS. | then performed correlations between the symptoms summary
measures and recall performance, given the established relationshiprbetwee
symptomotology and cognition in schizophrenia. Results are displayed in Table 17. The
control group showed a significant positive correlation between the negativeosympt
cluster and the number of correct rejections at recall. Among schizophrentgpats,
there was a significant correlation between disorganization symptoms abeémaim
Semantically-encoded words that were recalled. Further correlatioasamiucted
between each of the disorganization symptoms (global bizarre behavior, gioball f
thought disorder, global attention) and correct Semantic recall, in order toutipre f
characterize the nature of this relationship among schizophrenia particifjaess
analyses revealed trend-level correlations between Semantic retgliodal attention
ratings ¢ = -0.39,p = .052), as well as Semantic recall and global bizarre behawor (
0.35, p = .07), while the correlation between Semantic recall and global formal thought
disorder was significantly lower (p > .96).

| also performed correlations between the symptom summary meastitég an
semantic processing composite variable, in order to evaluate the relationsl@prbet
symptomotology and semantic processing ability. Among controls, semanticgangces
ability correlated significantly with disorganized symptoms ¢0.59,p < .005), while
the correlations with positive and negative symptoms were non-signifgant (37). In

the schizophrenia group, semantic processing ability also correlateftcaigghy with
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disorganized symptoms € -0.67,p < .001), while the other correlations were non-
significant p's > .68).

Lastly, | performed correlations between a measure of abstract reasdity
(Matrix Reasoning) and memory performance in each group separately, rimoorde
evaluate the specificity of the relationship between semantic processliitg and
memory in this sample. Neither the participants with schizophrenigigatl .22) nor the
control participants (alp’s > .19) showed significant associations between performance
on the Matrix Reasoning subtest and any of the recall measures.

2. Participants from both groups who scored higher on measures of semantic processing
ability would show greater activation enhancements (Semantic encoding > Non-Semantic
encoding) in brain regions typically associated with semantic encoding, including left
inferior frontal gyrus (BA 45/47).

To address this hypothesis, | conducted a regions-of-interest (ROIl)ian@tys
do this, | correlated semantic processing ability with average brauityaati each of the
ROls that previously showed main effects of Encoding Orientation (Semaxba->
Semantic). Results are displayed in Table 18. Contrary to my predictions, only
schizophrenia participants demonstrated significant correlations betweami8e
encoding-related brain activity and the semantic processing compositere)easereas
controls did not demonstrate such relationships. The schizophrenia participants showed
significant negative correlations in three regions: two areas of Iditlenfrontal gyrus
(BA 6) and left inferior frontal gyrus (BA 9). Thus, better semantic procgssiilities
were associated with less activation in these regions. Inspection oattexfdots

showing the relationship between semantic processing ability and brainyasirrig
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Semantic encoding (Figures 8, 9, and 10) suggested a similar relationship betseen the
two variables for participants with schizophrenia and controls alike. Although the
significant correlation observed in the schizophrenia group in one region (-41, 3, 29) may
have been driven by outlying data points, results of the correlational analyses thagges
schizophrenia participants who are higher on semantic processing ability siow bra
activity during encoding that is similar to that of controls who are high onrdema
processing ability. Furthermore, semantic processing ability reldatfgrentiates the
magnitude of encoding-related brain activity in schizophrenia participattt$igh

versus low semantic processing ability.
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Table 18. Regions demonstrating significant correlations between semantic encoding-

related brain activity and the semantic processing composite variable

Region of Interest Brodmann X Y Z r p-value
Area(s)
Control participants
no significant correlations
Participants with schizophrenia
Left inferior frontal gyrus 9 -41 3 29 -.45 .033
Left middle frontal gyrus 6 -45 2 49 -.48 .019
Left middle frontal gyrus 6 -28 15 57 -.55 .007
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Fiqure 8. Scatterplot demonstrating association between Semantic Processing

Composite measure and average brain activity in left middle frontal gyrus (BA 6)

Average brain activity at (-45, 2, 49)
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Fiqure 9. Scatterplot demonstrating association between Semantic Processing

Composite measure and average brain activity in left inferior frontal gyrus (BA 9)
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Fiqgure 10. Scatterplot demonstrating association between Semantic Processing

Composite measure and average brain activity in left inferior frontal gyrus (BA 6)

Average brain activity at (-28, 15, 57)
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To verify the specificity of the relationship between semantic proceabifity and task-
related brain activity, | conducted similar correlational analyses betpes#ormance on
the Matrix Reasoning subtest and brain activity in regions showing a mainhaéffec
Encoding Orientation in each group separately. Results of these analysateohthat
participants with schizophrenia demonstrated a significant relationshipdreMagrix
Reasoning performance and brain activity (r = -0.44, p = .037) in one region [lefemidd]
frontal gyrus (-45, 2, 49)], while control participants did not demonstrate sigrtifica
correlations in any areas.

In order to assess potential effects throughout the brain, rather than constraining
effects to certain regions of interest, | conducted whole-brain cooretdbetween task-
related brain activity during Semantic encoding and the semantic processipgsite
variable. In order to reduce the false-positive rate associated with coigdwbble-brain
correlations, | increased the cluster size (n = 29) and activation thresho®d2@)$rom
the previous correlations, thus maintaining an overall false-positive rate of .05. The
analysis revealed that participants with schizophrenia demonstrated aamgmigative
correlation in left middle frontal gyrus (BA 6), whereas controls did not denadast
significant correlations in any brain regions.

Lastly, | examined the role of semantic processing ability on encodiatgd
brain activity in both participants with schizophrenia and control participants. Of
particular interest was whether diagnostic group (control vs. schizophrenimueaito
predict encoding-related brain activity when semantic processing atmlg taken into
account, and whether group interacted significantly with semantic progesslity in

predicting brain activity. To address these questions, | conducted hieraregieasions
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in each of the regions showing significant between-group differences in eneatinity

with the average magnitudes of brain activity in each group in each region as dependent
variables. For each regression, the semantic processing composite vadadpeup

were entered in step 1, followed by the interaction between semantic pngdasgioup

in step 2. Regressions were conducted for all brain regions showing significae¢iret
group brain activity differences during either Semantic or Non-Semamtmding.

Results of the analyses for Semantic encoding are summarized in Table 19 and
results of the Non-Semantic encoding analyses are summarized in Table 20. As
evidenced by the significant beta values at each region of interest, diagmnospc
remained significantly predictive of brain activity during both Semantic and Non
Semantic encoding even when semantic processing ability was includedegrtbgsion.
In contrast, semantic processing ability was only predictive of encodiatgd brain
activity during Semantic encoding in four regions and was not predictive of briaityact
during Non-Semantic encoding. Additionally, there were significant Group xrgema
Processing interactions in a 7 regions in both hemispheres (2 left, 5 right), swggthedt
the relationship between intrinsic semantic processing ability and enaedtited brain
activity differed to some degree between groups.

Individual Difference Measures. Summary

Both groups demonstrated significant positive associations between semantic
processing ability and episodic memory performance, and inspection of tieepdots
confirmed a similar relationship between semantic processing ability amdim
performance in both controls and schizophrenia participants. Furthermore, among

schizophrenia participants semantic processing ability was negatoredyated with

118



Table 19. Results of hierarchical regression: Regions showing significant between-group differencesin Semantic Encoding

Region of Interest R R? R? p-value of | Beta: Group| Beta: Semant
Model 1 | Model 2| change | R?change Processing
Control > Schizophrenia
Left cerebellum .219*** 221 .002 ns -0.50*** -0.12
Left cerebellum .166* .185 .019 ns -0.38* .07
Schizophrenia > Control
Left inferior frontal gyrus .218** 272 .054 ns .35* -0.20
Left middle frontal gyrug .219*** 242 .023 ns 37* -0.18
Left medial frontal gyrus .200** 242 .042 ns .39* -0.13
Left superior frontal gyrus .401**** 484* .083 .012 A5*r* -0.31*
Left anterior cingulate gyrus .246*** .255 .009 ns RN ekl .05
Left precentral gyrus .323**** .353 .030 ns N R -0.27*
Left precentral gyrus .269*** .303 .035 ns A7 -0.11
Left superior temporal gyrus.404**** 413 .009 ns NoN Rieield -0.06
Left inferior parietal lobulg .315**** .353 .037 ns ST .02
Left superior parietal lobule .367**** 402 .035 ns HEFH* -0.10
Left middle occipital gyrug .300**** | 444*** 144 .002 31* -0.36*
Right medial frontal gyrus .265*** 341* 077 .031 ABF* -0.13
Right precentral gyrus .375**** | 499*** 124 .002 .32* -0.41***
Right precentral gyrus .239*** .266 .028 ns ALFH* -0.11
Right paracentral lobule .302**** | 369* .067 .039 H2FFHE -0.08
Right paracentral lobule .290*** | .406** 116 .006 H50*** -0.09
Right insula| .254*** 257 .003 ns o R .01
Right inferior parietal lobule .251*** 297 .045 ns S50*** .01
Right superior parietal lobe.306**** | .379* .073 .029 N Vsl -0.08

-Model 1: Semantic processing composite, Group; Mod&eémantic processing composite, Group, Semantic x Group

*p < .05; **p <.01; ***p < .005; ****p < .001; ns = non-significant
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Table 20. Results of hierarchical regression: Regions showing signhificant between-group differencesin Non-Semantic

Encoding
Region of Interest R R’ R* p-value of | Beta: Group| Beta: Semantjc
Model 1 | Model 2 | change | R?change Processing
Control > Schizophrenia

Left middle frontal gyrug .191** 202 .010 ns -0.41** .06

Left medial globus pallidug .221*** .233 .012 ns -0.39** 15
Left thalamus| .163* .168 .005 ns -0.37* .07

Left parahippocampal gyrys .223*** 223 .000 ns -0.36** .20

Left middle temporal gyrus .199** .203 .004 ns -0.43** .04

Left fusiform gyrus| .316**** 319 .003 ns -0.59%*** -0.09
Left cerebellum  .147* .150 .003 ns -0.40* -0.06

Right putamen  .177* 179 .002 ns -0.41** .03
Right thalamusg .215** 216 .001 ns -0.47** -0.02

Right pons| .192** 214 .022 ns -0.42** .04

Right posterior cingulate gyrys .203** .207 .004 ns -0.40** A1
Right fusiform gyrus .216** 220 .004 ns -0.50*** -0.13

Schizophrenia > Control

Left precentral gyrus .234*** .236 .002 ns 37* -0.21

Left superior temporal gyrus .341**** 351 .010 ns HEFH* -0.05
Left inferior parietal lobule .208** .208 .000 ns A4FF* -0.04
Left superior parietal lobule .286** .286 .000 ns A rr* -0.18

Right postcentral gyrus .211** 212 .001 ns AB** .00

Right superior temporal gyrys .254*** .283 .029 ns oY Akl 14

-Model 1: Semantic processing composite, Group; Mod&eémantic processing composite, Group, Semantic x Group

*p < .05; **p <.01; ***p < .005; ****p < .001; ns = non-significant
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Semantic encoding-related brain activity in a number of left prefrontacareas, such
that greater semantic processing ability was associated with siedreét frontal cortex
activity. Notably, correlational analyses with a putative measure ofabstasoning
(Matrix Reasoning) suggested that the effect of semantic processiryg abithemory
performance and brain activity demonstrated here is relativelyfispanil does not

simply reflect a more global effect of intelligence on cognitive perémce or task-

related brain activity. Furthermore, controls did not show any such relatiot&tipsen
encoding activity and the semantic processing measure. To my knowledge, thiwrss the
study to show that individuals with schizophrenia who possess greater semantic
processing abilities show better performance in semantic encoding condittbns a
alterations in brain activity during supportive encoding conditions. Such results point to
the importance of examining and understanding individual differences in coghilitye a
among individuals with schizophrenia, as these may strongly influence the mduith
behavioral and imaging studies.

Chapter 6: Discussion

In the present study, | investigated the effects of strategies providad du
encoding and retrieval on episodic memory performance and task-related bvaiiact
individuals with schizophrenia and healthy controls. This investigation revaalamber
of notable findings. Like controls, schizophrenia participants recalled wos that
were encoded Semantically than Non-Semantically, as well as maie that were
Cued than Uncued at recall. Analyses of the functional neuroimaging dataedethesd!
during Semantic encoding schizophrenia participants activated many biamsrdgat

have frequently been associated with semantic processing and successful encoding.
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Furthermore, schizophrenia participants activated many of these regiosig/hafiaantly
greater degree than control participants. The subsequent memory analgatsire
significant overlap in activity between the control and schizophrenia partigijpant
posterior regions. Furthermore, individuals with schizophrenia showed significantly
greater activation for remembered than missed items in a number of frorgal cort
regions, whereas controls largely showed either no differences betwsembered and
missed items or greater activity for missed than remembered items enaifeas. In
contrast to the encoding analyses, analyses of the retrieval neurgrdatarrevealed
that controls demonstrated significantly greater activity than schizoplparticipants
across many brain regions during both Cued and Uncued retrieval. Both groups also
showed more robust brain activity during retrieval of Non-Semantically enctzoesl i
(relative to Semantically-encoded items). Lastly, the individual difteremalyses
revealed that both groups showed significant associations between inherent semantic
processing ability and episodic memory performance. Furthermore, schiziephre
participants demonstrated significant associations between semantissprgaility
and Semantic encoding-related brain activity in left prefrontal cortex eateontrols
did not show any such relationships.

Below, | will review the findings from the present study and interpret tihetime
context of the literature in this research area. | will first discussgéeific findings from
the behavioral data, followed by a discussion of the functional neuroimaginggreiial
the individual difference measures. Finally, | will provide a global overakthe results

of the present study and attempt to reconcile them with the relevant emperealite.
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Behavioral Findings

Encoding Orientation Effects

The results of the current study provide additional strong evidence for the
hypothesis that the memory performance of individuals with schizophrenia can be
significantly improved by providing support for effective encoding strategi

Similar to controls, participants with schizophrenia demonstrated significantl
better recall for items that were encoded Semantically (relativerts iencoded Non-
Semantically). Thus, orientation to the semantic relatedness of the veorel{zairs
significantly improved subsequent recall of the words in both groups. This finding is in
line with previous studies of EM in schizophrenia that have reported memory
improvement following orientation to beneficial encoding conditions (Bonner-daeks
al., 2005; Chan et al., 2000; J. M. Gold et al., 1992; Koh & Peterson, 1978; McClain,
1983; Paul et al., 2005; Ragland et al., 2006; Ragland et al., 2003). Such findings have
been attributed to an enhancement of strategic memory processes through the
manipulation of encoding conditions, as individuals with schizophrenia typically show
deficits in generating and applying effective encoding and organizatioatges
(Brebion et al., 1997; Brebion et al., 2004; Hutton et al., 1998; Iddon et al., 1998; Koh,
1978; Russell et al., 1975; Russell & Beekhuis, 1976; Traupmann, 1980). For example,
Russell and colleagues (1976) reported that even for word lists with highigdretms,
participants with schizophrenia demonstrated significant deficits in userighirent
semantic relatedness of the items to enhance recall. Thus, it is likelydiveduals with

schizophrenia can only benefit from semantic relationships between to-bedé@ms
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when they are oriented to such relationships. The results of the present study sugport thi
claim.

Most of the previous studies in this area have reported improvements in
recognition memory following orientation to beneficial encoding conditions, often
utilizing yes/no recognition paradigms. Although such findings are promisings ibeen
argued that recognition memory tasks are less rigorous than recall and camphetex
on the basis of familiarity, rather than recollection (Yonelinas & Jactdfj4).

Furthermore, some authors have stated that conscious recollection is impdired a
underlies memory deficits in schizophrenia, whereas familiarity pracesseaelatively

intact (Danion et al., 1999; Huron et al., 1995). Thus, the memory benefits described by
previous studies following encoding manipulations could be attributable, at leadt in par
to enhancements in familiarity, without increased rates of recollection onrtre e
schizophrenia participants. The results of this study extend previous findings in thi
domain by demonstrating significant enhancements in subsagualhtmemory among
individuals with schizophrenia following orientation to a Semantic encoding task,
suggesting that conscious recollection (as opposed to only familiarity) ywesvieal.

In addition to the main effect of Encoding Condition, | found a significant Group
x Encoding Condition interaction for subsequent recall accuracy, such that between-
group differences in recall were dramatically reduced following Sem&ntoding,
relative to Non-Semantic encoding. Thus, individuals with schizophrenia benefited from
the Semantic Encoding condition to a greater degree than control participants.
Importantly, this finding also suggests that the semantic processinmsgste

schizophrenia is relatively intact, as schizophrenia participants weréogtofit from
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encoding strategies when they were provided. Moreover, these findings forgheate
strategic and executive processes in the EM deficits observed in schizoptatheia
than memory capacity itself, since the provision of memory strategiesfigatve in
eliminating between-group differences in recall. Thus, the shortcomingye att of
individuals with schizophrenia appear to lie in the ability to spontaneously teeaedh
apply beneficial memory strategies, as they demonstrated signig@iastwhen such
strategies were externally provided.

The results of the present study also extend previous findings by demonstrating
that orientation to beneficial encoding strategies improves associatnegfional)
memory, as well as item memory, which have been reported by prior studiesréers
have previously demonstrated associative memory deficits in individuals with
schizophrenia (Kopp & Reischies, 2000; Titone et al., 2004; Waters et al., 2004), and
some have suggested that such deficits outstrip impairments observed in memory for
individual items (Achim & Lepage, 2003; Lepage et al., 2006). However, memory
performance also increases among individuals with schizophrenia for sentantical
related (relative to arbitrary) stimulus pairs (Achaebhal., 2007). Thus, results of the
current study add to this literature and suggest that the benefits of advantagedusgenc
conditions can improve memory for associations between items, in addition to memory
for individual items. One could argue that the memory paradigm used in the present
experiment assessed item memory, rather than associative memory, iagliordual
items (words) were recalled during retrieval. Still, successfullrettie individual
items was dependent on processing the relationship between the scene and-the to-be

recalled word. | propose that this type of memory retrieval requisegiasive
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processing and evaluation of semantic relationships, making it qualitadigghyct from
classic tests of item memory (e.g., word list learning paradigms).

In contrast to the effects of the Encoding Orientation described above, the groups
did not perform equivalently on all memory measures. Controls were significamty m
accurate than schizophrenia participants in correct identification of new itetght of
the results described previously, | interpret these findings to suggesthioagalthe
encoding manipulation was successful, certain memory deficits continue &t petse
schizophrenia group. This finding raises the question of whether identification of new
items poses a greater challenge to individuals with schizophrenia than recalliotiply
seen items. Initially, identifying new items appears to be easieregnde less effort
than recalling old items, as new items can be identified on the basis of fayrgliane.

In support of this notion, EM studies in schizophrenia have found no differences between
controls and individuals with schizophrenia for correct rejection of new iteomés-
Jackson et al., 2005; Ragland et al., 2004).

However, identification of new versus old items places significant emphasis on
retrieval processes, which are impaired in schizophrenia. Given such tetgéeis, it
may be difficult for individuals with schizophrenia to draw clear distinctionsdst
different classes of items, such as differentiating between pamrbded items and new
items. It is possible that these two types of items seem very similar valunals with
schizophrenia, making it more difficult to identify those items that arelfchew. The
present study provides evidence in support of this notion. Specifically, calculation of
effect sizes for between-group differences in hits (old items) and conextiors (new

items) revealed a larger between-group difference in correct cgjeaties (effect size =
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.65) than hit rates (effect size = .52). Relatedly, d-prime (measuringisaiility of
old vs. new items) was calculated for each group separately, and the groepisene
compared. Results revealed a significantly larger d-prime value for cotitewi
schizophrenia participants. Both of these findings suggest that schizophrecipguasi
had more difficulty than controls in discriminating old from new items atlreghich
may underlie the observed deficits in correct identification of new items by the
schizophrenia group.

The present findings are also in line with previous research demonstrating a
disproportionate deficit in correct identification of new items by individualls wit
schizophrenia (A. P. Weiss al., 2008; A. P. Weiss et al., 2004). For example, using a
source memory paradigm, Weiss and colleagues (2008) found that individuals with
schizophrenia had more difficulty than controls in distinguishing old from new.items
Another study from the same group (A. P. Weiss et al., 2004) reported significantly
higher false alarm rates for novel items among schizophrenia particjpampgred to
controls, despite equivalent hit rates for previously-seen items. Thus, the meanery t
that is available for individuals with schizophrenia may be weaker for céeans,
making it more difficult to discriminate them from items that were newar.se
Retrieval Cue Effects

The present findings demonstrate that the provision of retrieval cues isveffac
improving EM performance in individuals with schizophrenia. Furthermore, the
beneficial effects provided by retrieval cues were comparable forotaimta

schizophrenia participants alike.
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The analysis of the behavioral data for the effect of Retrieval Cues deatedst
significant main effect of Cueing. Schizophrenia participants, like conteaalled
significantly more items that were Cued at recall, relative to thagevere Uncued.
Similar to the Encoding Orientation results, this finding supports previousuiterat
this area that has demonstrated significant memory benefits confenretliéyal cues to
individuals with schizophrenia (Culver et al., 1986; McClain, 1983; Sengel & Lovallo,
1983; Tompkins et al., 1995). Tompkins and colleagues (1995) found that cueing aided
schizophrenia participants in various tests of memory. Using categorizddistethat
were either cued or uncued at recall, Sengel and Lovallo (1983) also found teadlretr
cues substantially enhanced memory performance in individuals with schizophrenia
Thus, this finding adds to the empirical evidence supporting the crucial role evaétri
cues for memory function in schizophrenia.

In addition, the results of the Retrieval Cue analysis suggest that the memory
system underlying EM retrieval in individuals with schizophrenia can function in a
similar manner as that of healthy controls under supportive conditions. Moracadlgcif
the presence of retrieval cues conferred approximately the same manefits to both
controls and participants with schizophrenia. This finding suggests that whegistrat
mnemonic processes are controlled, the underlying cognitive architeCtoesmory
retrieval in controls and individuals with schizophrenia is relatively similaken
together with the results from the Encoding Orientation analysis, my findings
demonstrate that individuals with schizophrenia are receptive to strategmrynem
manipulations during both the encoding and retrieval stages, and they may help to

elucidate some of the memory deficits that are often associated witbsul@gzia.
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The suggestion that individuals with schizophrenia show the same benefits of
cueing as controls is further supported by the non-significant Group x Cueingtioterac
for recall. Although schizophrenia participants showed significant memory tseinefn
the retrieval cues, these benefits were comparable to those seen in thegcoaprol
Interestingly, others have reported significant interactions betwemrp@nd Cueing in
studies of recall. For example, McClain (1983) reported that retrieval @lasv@ to no
cues) benefited schizophrenia participants to a greater degree than cofttnolsgi\few
studies have found such an effect, it is worthwhile to explore why such an edfeabiv
found in the present study. It is possible that the discrepancy between my fiaaihgs
those of McClain (1983) lies in the type of retrieval cues used. While my mqeri
used the first letters of words as cues, the McClain (1983) study used semagbcieat
as cues. In fact, many other studies of retrieval cues in schizophrenia bd\category
cues at recall (Culver et al., 1986; Sengel & Lovallo, 1983). Arguably, the diteren
between the presence and absence of category cues represents diffexahce than
present versus absent one-letter cues, and the magnitude of this differerteparayon
group membership (control vs. schizophrenia). Thus, different cue types may
differentially affect the likelihood of recall in control and schizophrenia ppatnts.

A second explanation regarding the failure to find the predicted Group x Cueing
interaction may be related to the number of stimulus presentations at encodirgg. |
present study, participants viewed each word-scene pair a total of fosy Wimereas
most EM studies of this type presented each word only once prior to recall (Gudler e
1986; McClain, 1983; Sengel & Lovallo, 1983). Multiple presentations of each item in

the present study might have increased the likelihood of recall independent of the
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retrieval cues, potentially dampening the effect that the cues had on recaissun
contrast, retrieval cues following a single presentation of a word mighthesen
disproportionately more helpful, particularly for schizophrenia participankenra

together, a significant Group x Cueing interaction may have been found using category
cues and fewer presentations of each word-scene pair.

Encoding Condition & Retrieval Cue: Combined Effects

These results suggest that the highest rate of recall is found in both diagnostic
groups when both advantageous encoding and retrieval strategies are utilized
simultaneously. The data also indicate that for both groups, cueing at retriengtis
effective for items that were initially encoded poorly.

In examining the collective effects of Encoding Condition and Retrieval Cue
presence on subsequent recall, individuals with schizophrenia (like controls)
demonstrated the highest rate of recall for Semantically encoded itemsthaCued at
retrieval. Thus, my prediction with regard to the presence of both encoding and retrieval
cues was upheld. Both groups showed a positive linear increase in recall performance
across the four conditions, with the lowest recall for Non-Semantic Uncuesl éed the
highest recall for Semantic Cued items. Notably, the effect of Encoding ©@ondit
appears to be stronger than the effect of Cueing, as there was a sulistaeéise in
recall from the two Non-Semantic recall conditions (Uncued and Cued) to the two
Semantic recall conditions (Uncued and Cued). This notion is supported by a comparison
of effect sizes: for the effect of Encoding Orientation, the effect sigelvéd, whereas
the effect size for the effect of Cueing was .50. As discussed above, it is ptissilbhe

presence or absence of one-letter cues represented a less dramaticatianipain

130



semantic versus non-semantic processing of the word-scene pairs. Resgairthes
possibility, however, both groups demonstrated greater recall succhsscasditions
became progressively more supportive.

The combined effect of supportive encoding and retrieval conditions in
schizophrenia in is line with similar studies that have examined this question. Other
researchers (Culver et al., 1986; McClain, 1983) have found that although encoding
manipulations alone are beneficial for memory performance, free nesahizophrenia
participants is equivalent to that of controls only when retrieval cues are r@aadeell.

The exception to this line of research is one study (Larsen & Fromholt, 1976) which
reported equivalent free recall performance for control and schizophreticppats
following only an encoding manipulation. However, this result is somewhat unusual and
relatively rare in this literature.

Such findings in individuals with schizophrenia also parallel memory research in
the healthy aging literature. The memory impairments observed in oldés, dite those
in individuals with schizophrenia, have been attributed in part to strategic memory
deficits (Sanderst al., 1980). Furthermore, the experimental manipulations that have
been shown to improve memory in schizophrenia are also known to enhance memory in
older adults (Gradegt al., 1999; Logaret al., 2002). Importantly, research with older
adult populations indicates that advantageous retrieval conditions must be present to
reveal the benefits of strategic encoding conditions (Naveh-Bengmlin 2007,
Naveh-Benjamin et al., 2002), and the results of the present study suggestra simil
notion regarding individuals with schizophrenia. Although the neural systems underlying

memory impairment in schizophrenia and older adulthood likely differ to some degree,
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experimental behavioral paradigms have tapped into a common mechanism to improve
memory and cognition in both groups. This functional overlap may indicate futurestarget
for psychopharmacological interventions or cognitive remediation.

Notably, | also found a significant Encoding Task x Cueing interaction, such that
there were greater differences between Uncued and Cued recall fornieode@ Non-
Semantically (relative to those encoded Semantically). Put a differgntivearetrieval
cues conferred a greater benefit to participants from both groups followmggsmantic
encoding, whereas retrieval cues following Semantic encoding did not imprelidsec
such a significant degree. Such results are uncommon, as most studies of this type do not
manipulate retrieval conditions. One study (McClain, 1983) reported an Encodig Tas
Cueing interaction, although it was in the opposite direction of the results presemed h
they reported greater benefit from retrieval cues for blocked relative toakebol
stimulus presentation. Another study (Culver et al., 1986) found a similar pattern of
results, such that strong retrieval cues improved recall for deeply-encadieaain but
not for material encoded more poorly. Thus, the findings of the present study diverge
from previous findings on this point. It is currently unclear why this is the. €se
possibility is that in the McClain (1983) and Culver et al (1986) studies, the shallow
encoding condition made recall disproportionately more difficult than in the deep
encoding condition. Thus, very few words from the shallow encoding condition were
recalled, regardless of whether they were cued or not, whereas the deepgencodi
condition was substantially easier and the presence of retrieval cuas teefweher

boost recall.
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Lastly, | did not detect the predicted three-way interaction between Group,
Encoding Condition, and Cueing. Although schizophrenia participants did show a
significantly greater recall benefit than controls following Semamioding, they did
not show a differentially greater benefit when provided with Retrieval Cuesntrast
to my predictions, both groups showed a linear improvement in recall over the four
conditions, rather than the schizophrenia group showing a greater recall benefit
(compared to controls) for Semantically-encoded Cued words. This negative finding
might be partially attributable to a lack of power, as the number of partisipgay have
been too small to detect a significant three-way interaction. A more likplgreation,
however, is that individuals with schizophrenia often demonstrate encoding oraletrie
manipulation effects that are comparable to, not greater than, those of control
participants. Therefore, detecting interactions of the nature predictey idiffeeult and
rare.

Functional Neuroimaging Findings
Encoding Orientation Effects

The present results provide further support for the hypothesis that use of
beneficial encoding strategies is effective in enhancing encodiaigddbrain activity in
individuals with schizophrenia.

Schizophrenia participants activated a network of typical semantic pragess
regions during Semantic (relative to Non-Semantic) encoding, including laenurh
areas in left prefrontal cortex (BA 6, BA 9/46). The opposite contrast (Nonffhierna
Semantic) revealed only two regions of significant activity (left sapgemporal gyrus,

left insula). This pattern of results mirrors those found in healthy controtiparits, in
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which robust prefrontal cortex activation has been reported in response to supportive

encoding paradigms (Baker et al., 2001; Fletcher et al., 1998; Kapur et al., 1994; Savage

et al., 2001), supporting the notion that individuals with schizophrenia recruit similar

brain regions as controls when provided with beneficial encoding strategieddRhe f

findings are also compatible with the Encoding Orientation behavioral findings in the

schizophrenia group, which demonstrated robust effects of encoding condition on

subsequent recall among schizophrenia participants. Behaviorally and neutobliylog

therefore, individuals with schizophrenia show the capacity to modulate memoinpiiunct

in response to encoding manipulations to a similar degree as healthy individuals.
Notably, however, the Semantic > Non-Semantic encoding contrast in

schizophrenia participants did not reveal significant task-related gctivigft inferior

frontal gyrus (BA 45/47), a region that supports verbal semantic processitigrisnc

(Demb et al., 1995; Fletcher et al., 1998; Kapur et al., 1994). This finding was somewhat

surprising, given the crucial role of this region in semantic tasks. In ordevr®

strongly verify the lack of between-task activation differences in thesahienia

participants, | conducted an ROI-based contrast of Semantic versus Noni€emant

encoding activity, using the coordinates from two regions of interest imteftar

frontal gyrus (-40, 39, 0; -52, 27, -3) identified in a previous manuscript (Bonner-Jackson

et al., 2007). This analysis revealed a trend-level difference (Semantic S&loanticp

=.07) in one region and a non-significant difference between conditions in the other.

Furthermore, visual inspection of the separate Semantic and Non-Semantiagncodi

activation maps revealed similar patterns of activity in the vicinitgfbihferior frontal

gyrus. Thus, it appears that schizophrenia participants did not activatedgfirifrfontal
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gyrus to a significantly greater degree during Semantic than Non-Seraaotiding. In
contrast, within-group analyses revealed that controls did activate arekdeybb
inferior frontal gyrus significantly more during Semantic than Non-Semantoding.
Although unlikely, it is possible that left inferior frontal gyrus was beinguitsd by
schizophrenia participants during the Non-Semantic task, as well as durirgnthatts
task, despite the fact that it did not explicitly require semantic progessamtrols, on
the other hand, showed more typical Encoding Orientation effects, activatingrinfer
frontal gyrus preferentially during Semantic processing. This discogg@etween groups
was not predicted and may suggest that the groups were engaged in sodifésvbat
cognitive activities during encoding. Importantly, however, these observatibns
represent differences in within-group, rather than between-group, brairtiaativa
patterns. Thus, these data should be interpreted with caution.

With regard to between-group contrasts, | detected a number of predicted
activation differences during Non-Semantic encoding, the majority of whichiwére
direction of controls > schizophrenia participants. My findings partiallyaaiel
previous reports of underactivation among individuals with schizophrenia during
standard EM paradigms (Barch et al., 2002; Hofer et al., 2003b; Ragland et al., 2001).
Notably, controls activated regions that are supportive of EM function, including
parahippocampal gyrus, to a greater degree than schizophrenia participamstihglgr
however, there were few between-group differences found in frontal cortex tlmmg
Semantic encoding, despite the wealth of research reporting hypofromtattyviduals
with schizophrenia. One explanation for this finding could be related to the nature of the

orienting task itself, which was a comparatively “shallow” encoding taslethphasized
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spatial relationships between words and scenes. In line with this factebegweip
differences (control > schizophreniagre detected in more posterior brain regions that
support such functions. For example, greater Non-Semantic encoding activitpuwes f
in controls relative to schizophrenia participants in bilateral fusiformmsgyn area that
has been implicated in processing of scenes (Johnson & Rugg, 2007), as well as in
“shallow” encoding that resulted in successful subsequent memory (L.J. Ottegg& R
2001). Thus, controls recruited a set of posterior brain regions to complete the more
visually guided encoding task, in addition to subcortical regions that typically gabser
memory function (i.e., medial temporal lobe).

In contrast to the Non-Semantic encoding findings, the between-group analysis
for brain activity associated with Semantic encoding revealed that schiz@phreni
participants activated a large network of frontal, temporal, and parietat cegiens to a
significantly greater degree than control participants. As stated Rebualts, 19 of the
21 regions showing between group differences in Semantic encoding weredatnzae
by schizophrenia participants than by controls. This finding is in line with prewiotks
demonstrating enhancements in brain activity in individuals with schizophresizeel
to controls under supportive encoding conditions (Bonner-Jackson et al., 2005; Ragland
et al., 2005), as well as reports of normal modulation of brain activity during encoding of
related associate pairs (Achim et al., 2007).

The precise mechanisms that lead patients with schizophrenia to show greater
activity than controls under supportive encoding conditions are not clear. As described
above, the results of the regression analyses suggested that the between-grenpadiffe

in encoding-related brain activity did not simply reflect differences in sema

136



processing ability. One possibility for these differences is that undefibial encoding
conditions, schizophrenia participants are able to engage regions of frontal(asnex|
as other brain regions) not utilized by controls, which act in a compensatory raadner
aid in successfully completing the orienting task. In addition to frontal corteonssg
schizophrenia participants also showed greater activity than controlsterddijaarietal
cortex, an area postulated to act in a compensatory manner during EM encoding in
schizophrenia (Heinze et al., 2006). In contrast to this hypothesis, however, post-hoc
analyses from the current study indicated that low-performing participdthts
schizophrenia showed the most enhanced brain activity during Semantic encoding,
relative to higher-performing schizophrenia participants or controls. ifldisi§§ may
suggest that the pattern of over-activation is a function of an underlying pathblogic
process, rather than a compensatory mechanism. Further study of this quessgmtyis c
required to more fully understand the nature of activation enhancements seen in
schizophrenia under supportive memory conditions.

However, controls and schizophrenia participants did not rely on entirely different
brain systems during supportive encoding. The main effect of Encoding Condition
demonstrated that the groups activated a number of regions to similar dhgiegs
Semantic encoding, in addition to a few similar regions during Non-Semantidiegc
Among the regions recruited by both groups during Semantic encoding wengenulti
areas of prefrontal cortex (left inferior frontal gyrus, bilatenaddle frontal gyrus) and
medial temporal lobe (bilateral parahippocampal gyrus). This result futthgests that
individuals with schizophrenia and healthy controls engage similar and overlapping

neural systems when oriented to process semantic relationships between item
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Subsequent Memory Effects

Data from the subsequent memory neuroimaging analyses repredativelye
novel indication that the neural systems underlying successful subsequent nremory i
individuals with schizophrenia partially overlap those in controls. Additionallyjteesf
the present study demonstrate that subsequent memory activity varies depending on the
nature of the encoding task used.

Both groups demonstrated robust subsequent memory effects (remembered items
> missed items) in regions of frontal cortex, including bilateral inferantél gyrus (BA
44) and left precentral gyrus (BA 6), which support subsequent memory in healthy
controls (Breweket al., 1998; Buckner et al., 2001; Fletcher et al., 2003; Kirchétcdf.,
2000). Although this pattern of results was predicted for the control group, it was
unexpected in the schizophrenia group. The few functional neuroimaging studies that
have examined subsequent memory effects in schizophrenia have identified posterior
regions, rather than frontal regions, as likely candidates to support successtulymem
encoding in individuals with schizophrenia (Bonner-Jaclkgah, 2008; Heinze et al.,
2006). Consistent with these previous findings, subsequent memory effects in thé prese
study were identified in posterior brain regions as well as frontal regeams right
superior parietal lobule, left fusiform gyrus, left precuneus). However, gsepce of
such effects among individuals with schizophrenia in frontal cortex was sogogisien
past research. My findings, therefore, represent the first demonstration (to my
knowledge) of subsequent memory effects among schizophrenia participantetboali
areas of frontal cortex. Although these data should be interpreted with cautiosultee re

described here may serve as an additional indication that the neural systemangnderl
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successful memory in individuals with schizophrenia overlap with those of healthy
controls. Further examination of this notion is needed in future research.

In contrast to the effects in frontal cortex, however, | did not find the predicted
main effects of subsequent memory in hippocampus, despite previous indications that this
region is crucial for EM formation and subsequent memory (Beetatd 2001; Brewer
et al., 1998; Fernandetal., 1998; Rebeet al., 2002; Stark & Okado, 2003), although
schizophrenia participants did show subsequent memory effects following Numte
encoding in right parahippocampal gyrus. One possible explanation for this negative
result could be that hippocampus was equally active during encoding of both remembered
and non-remembered items, as participants were explicitly instructedriorine items
for a later memory test. A second factor may stem from the fact that thel neenporal
lobes are often difficult to image and typically produce poorer quality functioralas.
The anatomical location of medial temporal lobe structures also renderss$uicces
functional imaging of this region more difficult, as it is more susceptibleoteement
and other artifact (Ojemarat al., 1997). Significant task-related activation in this area
could have been attenuated by the presence of adjacent sinus cavities or other brain
structures. However, this scenario is less likely, given the significanahtediporal
lobe activity identified in other analyses.

With regard to the effects of orienting task on subsequent memory-related
activity, it was somewhat surprising that nearly all the regions that shewedh effect
of subsequent memory were for items encoded Non-Semantically, as opposed to
Semantically. This finding represents a departure from previous work exgmini

subsequent memory effects as a function of encoding condition, which have largely
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reported greater subsequent memory effects following “deeper” enctadiks (Baker et

al., 2001; Fletcher et al., 2003; L. J. Otten et al., 2001). Fletcher and colleagues (2003)
found subsequent memory effects in left and medial prefrontal cortex thatangaeih
magnitude following semantic (deep) than alphabetical (shallow) encodksy tas
(Fletcher et al., 2003). Similarly, two other studies (Baker et al., 2001; liteh € al.,

2001) reported overlap between regions showing subsequent memory effects for deep
and shallow encoding, with a suggestion that deep encoding was associated with more
subsequent memory regions than shallow encoding. In contrast, one study showed that
rote rehearsal produced stronger subsequent memory effects than semarsginyate
encoding (Davachat al., 2001). However, this finding does not appear to be widely
replicated in this literature. Overall, therefore, the results of themireely regarding
encoding orientation effects on subsequent memory activity are, for the ntpst par
unsupported by previous research.

One must, therefore, pose the question of why subsequent memory effects were
detected more often following Non-Semantic than Semantic encoding in thys Sarde
insights into the current results may be provided by the study described abwvaehiDa
et al., 2001), which reported greater subsequent memory effects for items encoded usi
rote rehearsal, as compared to semantic encoding. Of the five regions that gheater
subsequent memory effects following rote rehearsal in the Davachi et al. (2Q@t)
three were identified in the current study (left inferior prefrontal corigit superior
parietal lobe, left cerebellum). This raises the intriguing possihlldy;, in the absence of
external encoding support, participants utilized a rote memorization stnategier to

commit the word-scene pairs to memory. A second consideration is r@dtedrtumber
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of regions identified in this analysis that are thought to support vision and visuatymage
Areas of left inferior and bilateral middle occipital gyrus showed subsequeambry
effects, as did left precuneus and fusiform gyrus bilaterally. Precunebsdras
implicated in visuo-spatial imagery, among other functions (Cavanna & Tri2@0é),
while Otten and Rugg (2001) reported subsequent memory effects in bilate@hfusif
gyrus following a syllable-counting task. These data support the notion thaipgatsc

in this study relied heavily on visual processing areas to support subsequeny fioemor
Non-Semantically encoded items and likely adopted a visually based menateg\sto
learn the associations between the words and pictures. Lastly, it should bénabted t
Semantic encoding was associated with better subsequent recall, andeHewedor
missed items, than Non-Semantic encoding. With fewer trials from which tdatelc
miss-related activity (relative to recall-related activity)sipossible that the subsequent
memory effects identified for Semantically encoded items in this stadgrestimated
the actual subsequent memory response. In contrast, Non-Semantic encoding was
associated with a larger number of missed items, thereby allowing foreaatcurate
estimate of subsequent memory activity across groups.

Consideration of the Group x Subsequent Memory brain activation interactions
also revealed an unexpected pattern of results. Specifically, in nearlytsd! réfgions
identified in the analysis, schizophrenia participants demonstrated greateéingnc
activity for subsequently remembered items than missed items, with jbetynaf these
regions found for Non-Semantic encoding. In contrast, controls showed either no
difference between remembered and missed items, or greater encowitygfactmissed

items than remembered items, in the regions showing Group x Subsequent Memory
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effects. Notably, controls did show subsequent memory activity in other brain regions
but not in regions showing the interaction. Surprisingly, controls did not demonstrate any
of the predicted subsequent memory effects (remember > miss) in the interagions,

and even showed the opposite pattern (miss > remember) in certain brain areas.

Interestingly, a number of the areas showing significant miss > reaereautivity
in controls were in frontal cortex (e.g., left middle frontal gyrus, right iofdrontal
gyrus). Although this result was not predicted, one possible explanation for this finding i
the fact that each word-scene pair was presented to participants at fratesémes
over the course of the scanning runs. Therefore, the brain signal that was used in these
analyses was averaged across the four presentations of the stimuli. s ati@ategy
could have inadvertently attenuated the signal associated with succebstduent
memory, as task-related brain responses in healthy controls decreasepaated
presentations of a stimulus (Demb et al., 1995). Such findings have been interpreted to
suggest that repeated processing of identical stimuli requires less netonty
following the initial presentation. In support of this notion, analyses comparstg fir
presentation of stimuli to subsequent presentations in the control group revealed that the
first presentation was associated with significantly more widespreablanst activity
than subsequent presentations combined.

Individuals with schizophrenia, however, do not show the same relationship
between repeated stimulus presentations and attenuated brain response. Both fMRI
(Kubicki et al., 2003) and ERP studies (Patterta., 2008) have shown that
individuals with schizophrenia fail to show typical priming or habituation effecta D

from the current study corroborate these findings. Brain activation diinsh@nd
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subsequent presentations of stimuli were quite similar in schizophrenia pats¢ipa
suggesting that they did not habituate as easily as controls and continued to require
additional neuronal activity to complete the encoding tasks. Such a pattern of data woul
make it more likely to find subsequent memory effects in the schizophrenia groap, whi
is what was reported above.
Retrieval: Cueing Effects

Results from the present study indicate that retrieval cues wereatnfin
enhancing retrieval-related brain activity among individuals with schizojghreather,
schizophrenia participants demonstrated underactivation across all recailocendi

Between-group contrasts of the brain imaging data during Uncued retrieval
revealed that individuals with schizophrenia demonstrated a widespread pattern of
underactivation (relative to controls) during Uncued recall. My findings srdgard
support previous research indicating activation deficits in various brain regions among
individuals with schizophrenia during EM retrieval, including tests of iterogm®tion
(Barch et al., 2002; Hofer et al., 2003a; Hofer et al., 2003b; Jessen et al., 2003; Ragland
et al., 2001; Ragland et al., 2004), associative recognition (Lepage et al., 2006), and word
list recall (Crespo-Facorro et al., 1999). Notably, however, the majoritydis in this
area have also reported impaired memory performance, in combination witrsdeficit
retrieval-related brain activity, in individuals with schizophrenia. In thegntestudy, the
brain activation deficits observed among the schizophrenia participants were
accompanied by recall performance that did not differ significantly fronofir@introls.

This result raises the intriguing question of how the schizophrenia participargsble
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to perform equivalently to controls during subsequent recall, in spite of massive
underactivation.

Although the literature provides little guidance in this regard, one potential
explanation for this phenomenon is that the neural systems underlying EM retrieval
schizophrenia are fundamentally different from those in healthy individualsefoher
the lawful relationship between behavior and brain activity that is observed iolsont
during memory retrieval may not exist in individuals with schizophrenia.gossible
that the increases in brain activity that accompany increases ingecedss in controls
are not present in schizophrenia. In support of this notion, analyses of brain activation i
the schizophrenia group during correct retrieval (correct recall of Otdreat rejection
of New) revealed a failure to activate typical “correct retriexagions, such as right
anterior (BA 9/10) or right dorsal (BA 9/46) prefrontal cortex (McDerrsodl., 2000).
These data contrast with findings from Ragland et al. (2004), however, who repatted t
retrieval success in schizophrenia participants was associated withyaotevivariety of
frontal, temporal, and parietal cortex regions (Ragland et al., 2004). Thus, there are
currently mixed findings regarding this question. Future research should aithdressie
of how individuals with schizophrenia can achieve behavioral performance equivalent to
that of controls, despite differential brain activity patterns.

In contrast to the predicted brain activation deficits during Uncued retrieval,
was hypothesized that Cueing would serve to “normalize” brain activity betyveeps
and minimize between-group differences. Despite the provision of retriges| ¢
however, brain activity patterns among individuals with schizophrenia did not change

noticeably, relative to brain activation in the control participants. Contrary to my
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hypotheses, widespread underactivation persisted in schizophrenia partidypargs
Cued retrieval, even though recall performance was improved. As discussed in the
Behavioral Results section, it is possible that the retrieval cues wpfel e modestly
improving recall but did not provide sufficient support to enhance brain activity in the
schizophrenia participants, whereas category cues or word stems mighekaveore
effective in promoting increased brain activity in the schizophrenia group.\ldowgtle
empirical work has focused on the effects of retrieval cues on brain aativity i
schizophrenia, making interpretation of these findings somewhat more chadleAgi
discussion of potential factors that may have influenced the retrieval bigmign
findings is below (seRetrieval: Other Issues).

Retrieval: Encoding Condition Effects

Data from the present study suggest that orientation to an advantageous encoding
strategy was ineffective in enhancing retrieval-related brain actnvgchizophrenia or
equating retrieval-related brain activity across groups.

An additional way to examine the retrieval-related brain activity data is
compare the groups on brain activity during retrieval of Semantically-s/élso-
Semantically-encoded items. Similar to the findings from the Uncued and Guedate
data, recall of items seen during both Non-Semantic and Semantic encoding was
associated with hypoactivation in multiple frontal and temporal brain regions in
schizophrenia participants, as well as more posterior areas. Once againtehmsgbat
underactivation in individuals with schizophrenia during EM retrieval represgatgial
replication of previous findings in this domain. For example, work from the Heckers

group (Heckers et al., 1998; A. P. Weiss et al., 2003) has consistently reporteddmpa

145



hippocampal recruitment in schizophrenia participants during retrieval foljodeep
encoding, although they also found overactivation of prefrontal regions following
shallow encoding, despite equivalent memory performance. Similarly, Ragland and
colleagues (2005) described overactivation in the left frontal pole during reoogniti
among individuals with schizophrenia following a levels-of-processing matigoula
Studies examining the effect of encoding condition on retrieval-relateu dcavity in
healthy populations have made similar conclusions (Ruglg, 1997; Schactest al.,
1996; Tsukiuraet al., 2005). For example, a study by Schacter and colleagues (1996)
found that hippocampal activity at retrieval was associated with recoheztistudied
words, whereas activity in frontal regions was associated with elevatedakaffort.
Thus, in this context the empirical data would predict a pattern of dysregulatmyga
schizophrenia participants, with greater than normal activity in frontalxcdueng
retrieval of poorly encoded items and hypoactivation in medial temporal lolb@segi
during retrieval of deeply-encoded items.

As stated above, this hypothesis was not fully supported. Although schizophrenia
participants did not activate frontal regions to a greater degree than cahgisesent
study did provide some evidence of hyperactivation during retrieval of poorly encoded
items. Within-group contrasts revealed that individuals with schizophrenia showed
substantially more retrieval activity for items encoded Non-Seméwgt{calative to
those encoded Semantically), suggesting more effort was being exeiteadttdgmpting
to recall poorly-encoded items. Regions showing this pattern included left (Bsd4)
right (BA 45) inferior frontal gyrus, as well as right middle frontalugy(BA 9).

Similarly, the main effect of Encoding Condition demonstrated that both schizophrenia
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participants and controls activated a number of regions to a greater degree during
retrieval of Non-Semantically encoded items, including bilateral gmédt cortex (BA
44, 47, 9/46). In contrast, there were no regions demonstrating greater realiatesl
activity for Semantically encoded items than Non-Semantically encteted.iThus, the
data indicates that the differences in retrieval-related activitg imethe expected
direction (Non-Semantic > Semantic), although they did not reach signiiceuice
between-group level.
Retrieval: Other Issues

With regard to the retrieval brain imaging findings, the pattern of undesiiota
observed during recall in participants with schizophrenia could be more ggmnelatiéd
to impairments in post-retrieval monitoring, which refers to a cognitive psabat is
posited to evaluate the accuracy of potential memory responses (Koriati&ngibi,
1996). Most functional neuroimaging studies of post-retrieval monitoring in healthy
populations have shown that this process is supported largely by frontal brain regions
(e.g., (Achim & Lepage, 2005a). To my knowledge, no functional neuroimaging studies
of post-retrieval monitoring in individuals with schizophrenia exist. Howevererse
likely that individuals with schizophrenia would show impairments in monitoring the
contents of memory or making judgments about the likelihood of having previously seen
an item, as meta-cognitive processes in this group are faulty (Mbaitz 2006).
Furthermore, the dysfunction in this cognitive process could potentially résel@in
reduced brain activity during EM retrieval. If control participants wetieelyg
monitoring their recall responses during retrieval, while schizophreniaipartts were

engaged in this activity to a lesser degree, brain activation differences &l troréex
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could differ between groups, regardless of actual recall accuratpugh this

hypothesis does not account for the between-group differences in other brain, iegions
could represent one factor underlying the failure to find overactivation in prefrontal
regions that is common in schizophrenia during retrieval tasks.

A second issue that merits discussion is the between-group difference in task-
related brain activity during viewing of New (not previously-seen) woshe pairs.
Control participants activated bilateral medial temporal lobe regions (ednteleft and
right parahippocampal gyrus) during correct identification of New itematifrelto
correct identification of previously-seen items). Structures in the medigldral lobes
are known to respond to novelty (among other features). In particular, parahippocampal
gyrus appears to be involved in detection of novel stimuli (M. W. Brown & Aggleton,
2001; Gabrielet al., 1997; Kohlert al., 2005). For example, Kohler et al. (2005)
reported increased right parahippocampal gyrus activity in response to nongi. sti
Similarly, Gabrieli and colleagues (1997) found that activity in parahippocayypas
decreased for more familiar scenes (relative to unfamiliar scenes). Thus, tivéyaot
bilateral parahippocampal gyrus observed in controls during viewing of New itagns m
represent a neural response that signals novelty and helps them to coassifly items
as New. In contrast, schizophrenia participants did not show any activity inlmedia
temporal lobe regions during correct identification of New items, whicketylrelated
to their lower accuracy rates in identifying items that were not seen bé&fose
hypothesis is supported by data from Weiss and colleagues (2004), who reported
increased false alarm rates during a test of EM recognition, in conjunctiommpigired

hippocampal function, among individuals with schizophrenia (A. P. Weiss et al., 2004).
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Taken together, it appears that the neural systems underlying idemtifiohtiew
materials in individuals with schizophrenia may continue to show deficits, despite
supportive encoding and retrieval environments.

Lastly, it is important to address the issue of signal-to-noise ratio)(&NiR
relates to observed differences in task-related activity between gtamgses of SNR in
psychiatric populations can be attributed to a variety of causes, many of wdich ar
unrelated to cognitive task performamnpee se. These include brain structure
abnormalities, increased signal artifact related to subject movementfectd of
psychotropic medications (G. G. Brown & Eyler, 2006). Therefore, one must attend to
this potential confound in order to properly interpret patterns of functional brain
activation. As reported above, the subgroups of control and schizophrenia participants
continued to demonstrate significant between-group differences in reteéatad brain
activity, despite being matched on mean SNR. Across retrieval tasks, abdatecdl
frontal cortex, inferior parietal lobe (particularly left), and bilatenaddle temporal
gyrus (among others) remained significantly more active in controls thaaophrenia
participants, even after controlling for differences in SNR. Altogether, ajppatey half
of the regions of between-group differences identified in the retrieval asalgsiained
significantly different. This finding suggests two ideas, both of which areyldedurate:
1) some of the observed between-group differences in retrieval-related braty aetre
due to artifactual causes, such as increased head movement on the part of schizophrenia
participants; 2) some of the observed between-group differences in retelaat brain
activity reflected genuine discrepancies in task-related activatibmnepresent true

underlying neurobiological differences between control and schizophren@gazants
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during EM retrieval. Above, | have outlined potential mechanisms that may cahse suc
differences, although a number of factors remain unclear in this reggr,ch@v
equivalent recall performance was found between groups, despite substargiadlretr
related brain activation differences). Future research may profitdmgieing this issue
in more detail.
Individual Difference Measures

The analyses examining the effects of individual differences highlighéed t
importance of understanding the influence of individual differences in semantic
processing ability on individual differences in episodic memory performanttbrain
activation in schizophrenia. Of central interest were the correlations lretecsd|
accuracy and the semantic processing composite variable. Both groups deetbnstra
significant positive correlations between semantic processing ailitya number of the
recall measures, including total items correct. Notably, | also ddtact®gnificant
correlation between semantic processing ability and recall of Sealgnéncoded
words in the schizophrenia group (r = .55, p <.005), whereas no such correlation was
found in the control group. These findings provide strong evidence that premorbid
cognitive functioning and inherent cognitive abilities in individuals with schizopar
play a significant role in how they respond to cognitive interventions. Like cantrols
individuals with schizophrenia show a lawful relationship between intrinsic semant
processing ability and memory benefits from a semantic orienting taskiokally, the
relationship between semantic processing ability and memory perfornvasce
somewhat specific, as | found no evidence of a significant association betst@cta

reasoning ability and memory performance.
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Previous work has examined the relationship between memory function and
various cognitive abilities in schizophrenia. For example, Ragland and coll€ag08%
found that group differences in premorbid verbal intellectual ability contributedsto les
accurate word classification during the encoding phase, but did not appear to influence
recognition accuracy. Kareken and co-workers (1996) found that poor semantic
organization was related to EM deficits in schizophrenia, while Goldberg¥a8)(
suggested that thought disorder in schizophrenia might be related to the severity of
semantic processing deficits (Goldbet@l., 1998). To my knowledge, however, the
current study is the first to demonstrate a significant relationship betnaigidual
differences in semantic processing ability and episodic memory funotiowing an
encoding orientation manipulation in individuals with schizophrenia.

Few (if any) studies have examined individual differences in semantiegsiag
ability in schizophrenia and have related them to behavioral measures. The work
referenced above suggests that semantic processing ability repeesegtstive domain
of great importance for individuals with schizophrenia, as well as a topic ¢figierast
for those studying this disease. Based on my results and the findings of othgpsaits
that the intrinsic semantic processing ability possessed by individualsciviftoghrenia
impacts many aspects of their lives and can have wide-reachingatigigin terms of
functional outcome and quality of life.

Regarding other notable correlations, schizophrenia participants showed a
significant negative correlation between disorganized symptoms andafecal
Semantically encoded items. Disorganized symptoms are associatedegibiivex

function (Dabaret al., 2002; Moritzet al., 2001), lower verbal IQ and poor concept
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attainment (O'Leargt al., 2000), and working memory (Daban et al., 2002) in
schizophrenia. It is likely that some (or all) of these factors are involved ¢essfal

semantic processing and subsequent memory function, further supporting the notion that
individuals with schizophrenia possess inherent traits and cognitive abiidiesain

determine the outcome of cognitive interventions.

Finally, negative symptoms were not significantly correlated with arlyeof
recall measures. Traditionally, negative symptoms have been associateadoviEM
function in schizophrenia (Aleman et al., 1999; Breizal., 2002; Cirillo & Seidman,
2003; S. Golckt al., 1999; Pelletieet al., 2005; Thoma et al., 2006), so it was somewhat
surprising that a significant correlation between negative symptoms afdvasaot
detected. This may have been a consequence of the individuals with schizophrenia who
participated in the study, as many of them were high functioning and rejdtieelof
symptoms. It is conceivable that studying participants with a wideeraihg
symptomotology would have produced a different pattern of correlational results.

In addition to its effect on episodic memory performance, a further topic of
interest was the relationship between semantic processing abilityskaeiated brain
activity during Semantic encoding. This relationship was assessed in yj@wdavaach
group separately. An ROI-based approach, using brain regions that showed significa
task-related activity during Semantic encoding, identified sigmfioagative
correlations for schizophrenia participants in three brain areas — two arett8iA 6 (-
45,2, 49 & -28, 15, 57) and one area in left BA 9 (-41, 3, 29). A second approach, in
which semantic processing ability was correlated with brain actiwibughout the entire

brain, identified one significant negative correlation among individuals with
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schizophrenia in left BA 6 (-27, 5, 55). This region was somewhat close to one of the left
BA 6 regions identified in the previous analysis.

As stated in the Results, there has (to my knowledge) been relativelwbtk
done in this domain (i.e., examining individual differences in semantic processihg abil
as they relate to brain activity), either in individuals with schizophrenia ahigeal
populations. Thus, the precise localization of such correlations was difficult totptadi
light of my findings, however, there is evidence that this area of prefiantak (BA 6)
plays a role in various processes that may contribute to semantic processintnin hea
individuals. For example, it has been suggested that left BA 6 is involved in word
retrieval and phonological processing (Kubicki et al., 2003; Thompson-8iciil]

1997), functions that would likely be tapped in making decisions about relationships
between words and scenes. Left PFC has also been implicated in working memory
function in healthy controls (Smith & Jonides, 1999), as well as effortful memory
retrieval (Naghavi & Nyberg, 2005). Given the fact that all of the correlatuens
negative, it appears that schizophrenia participants with less intrinsic sepranessing
ability may require and recruit regions of left prefrontal cortex in order wesstully
complete the Semantic encoding task, whereas those with more semantisipgoces
capacity did not need to bring these regions online. Furthermore, it is notewottay tha
degree of overlap was found across correlational analyses, which mayt swgyesging
evidence for a specific role of left PFC (particularly left BAr6yemantic processing in
schizophrenia. As with the analysis of the behavioral data, | also found that the

relationship between semantic processing ability and encoding-relateddinaiy a
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among schizophrenia participants was relatively specific, such that tetktemuch
weaker relationship between abstract reasoning ability and brain activity

It was somewhat unexpected, however, that control participants did not
demonstrate a significant relationship between semantic processingafulibrain
activity during Semantic encoding. It is the case that the range (-3.47 —&d2dtpadard
deviation (2.07) of semantic processing scores for control participants was more
restricted than those of schizophrenia participants (range: -5.79 — 4.83, SD = 2.86),
potentially reducing the likelihood of finding significant correlations. Brativiy
among individuals with schizophrenia also tends to be more variable relative to patterns
of brain activity in control participants (Barehal., 2003), which may have also
contributed to the detection of stronger relationships between semantic proeessing
brain activity in schizophrenia participants.

Importantly, these findings suggest that individuals with schizophrenia respond
differently at a neurobiological level to memory interventions depending onrheiteint
ability to take advantage of those interventions. Specifically, schizoplparieipants
who had higher levels of semantic processing ability (as measured inutyy attivated
regions in left frontal cortex to a lesser degree during Semantic encodinggnse
making them more like control participants. In contrast, schizophrenia pantgipho
were low on semantic processing ability recruited the left frontal regigngicantly
more, possibly representing either a compensatory or pathological procsss. Thi
heterogeneity in the intrinsic skills of individuals with schizophrenia, and thelyimder
brain systems that they affect, represents a rich source of knowledge emibpaiture

research area, as well as a potential approach to parsing the heteragdyehigvior and
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brain function shown by individuals with schizophrenia. More research is needed to
clarify the differential relationship between semantic processintyadoid task-related
brain activity in healthy controls and individuals with schizophrenia.

Limitations

The present study had a number of limitations that merit discussion and should be
addressed in future research. First, the participants with schizophreniastutlyis
demonstrated a somewhat limited range of psychopathology. The schizophrenia
participants who volunteered to be involved in this research were high functioning,
relative to a typical schizophrenia sample. Furthermore, | was only abléuddanc
participants with schizophrenia (as well as control participants) who wex¢oatollerate
a 2-hour cognitive battery and 2-hour MRI scanning session while adhering to the
instructions the entire time. Thus, it is possible that the participants witopbinenia
who successfully completed this study were not necessarily repregeofatie general
schizophrenia population. Therefore, conclusions that are drawn from this work must be
made cautiously.

Secondly, although sample sizes of the control and schizophrenia groups used in
the neuroimaging analyses (24 and 23 participants, respectively) weneetgliaige
compared to many studies in the functional neuroimaging literature, they did not provide
high power to detect more subtle group differences, such as those that might be apparent
in behavior. For example, it is possible that more of the correlational anakis¢ing
semantic processing ability and memory performance) would have been sigriifica

larger groups were used. A similar case can be made for the two- and tgree-wa
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interactions in the behavioral data. Although many of the findings were in the pdedict
direction, a larger N might have helped to further clarify some of the results.

A third limitation posed by the present study was the nature of the retaskal
used in the scanner. Specifically, participants were required to recall ammtdsy them
aloud while being scanned. Although recall tasks have been used successfully in fMR
studies, they can introduce potential problems. For example, speaking in the scanner
resulted in additional head movement in both groups, particularly the schizophrenia
participants, which degraded the quality of the functional images and even rendered
certain scanning runs unusable. Furthermore, repeated opening and closingaftthe m
can alter the properties of the cavities surrounding the brain, making it rffoneltcio
obtain quality images. Therefore, the valuable information that was obtainesingya
cued recall paradigm also led to certain difficulties in data collection angseanal

Finally, and related to the previous point, it is worth reiterating that the
schizophrenia group had lower signal-to-noise ratios (SNR) on most of the scamsng r
somewhat limiting the conclusions that can be drawn from these data. Above, | have
described a number of steps that were taken to address this issue on a post-hoc basis,
including matching subgroups of control and schizophrenia participants on SNR and re-
analyzing the neuroimaging data. However, such fundamental differencesigntie s
derived from the brains of the control and schizophrenia participants are protlema
especially when attempting to interpret the relationship between braintiactisad
behavior. Given the results of the contrasts using matched groups, it seems somewha

safe to conclude that some of the initial findings were spuriously influenced Ry SN
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artifacts, whereas others represented real between-group diffenetcamiactivation.
This issue is of key importance and should be monitored in all studies of this type.
Future Directions

The results from the present study suggest a number of avenues and directions for
future research in the domain of memory-related brain function in individuals with
schizophrenia. One topic which was unexplored in this study, but which is of great
interest and importance in this field, is the relationship between brain stranture
cognition in individuals with schizophrenia. For my purposes, | would be interested to
investigate the relationship between brain structure, brain function, andistragamory
processing. Specifically, a question that arises from this line ofrobsisavhether the
size or integrity of brain structures in schizophrenia constrains the abibgniefit from
memory strategies, and whether these factors are related to inherahveadilities,
such as verbal processing. One could postulate that individual differences in gexy matt
integrity in prefrontal cortex, for example, may differentiate those indilgduih
schizophrenia who are able to benefit from strategic instruction from those evhotar
Hippocampal size and its relation to memory function have also been investigated in thi
population. Future research could examine the relationship between the size ofestructur
in the medial temporal lobe and relational memory performance, among other topics

A second issue to be further explored in future work is the effect of different
retrieval cue types on recall success and retrieval-related btaitlyam both
schizophrenia participants and healthy controls. As discussed previously, it idgpossib
that the use of different retrieval cues (e.g., category cues, word, €&m has an

impact on the likelihood of retrieval success. Furthermore, the pattern of mitsrenay
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vary across groups depending on which retrieval cues are being used. Thus, future
research endeavors should assess whether the use of different retriesajratieantly
alters patterns of brain activity or memory performance, and whether stesienies
show interactions with group (i.e., control vs. schizophrenia).

Furthermore, the findings from the present study regarding the effects of
individual differences on behavioral performance and brain activity warrahéfurt
exploration. Specifically, follow-up work should be conducted to examine how
differences in cognitive abilities and demographic variables (amongfattiers)
influence memory performance and memory-related brain function, as well abésmv
relationships differ between individuals with schizophrenia and healthy individtaals
example, in a noteworthy finding not discussed above, the parental education of
schizophrenia participants was predictive of a number of recall meashilessuch a
relationship was not detected in controls. Findings such as these may help to uncover
some of the factors that are involved in the development of schizophrenia.

Finally, future work in this area would profit from the use of a psychiatric @ontr
group, such as individuals with major depressive disorder (MDD). Individuals with
MDD, like individuals with schizophrenia, are known to have memory deficits, although
the precise mechanism underlying such deficits has not been fully uncovered. The
proposed design can be used to explore the question of whether the effects of strategy
manipulation on brain activity apply to individuals with schizophrenia alone or to
individuals with severe mental illness more generally. Furthermore, it woydddsible
to compare the groups on other measures as well, such as brain structure and inherent

cognitive abilities. Investigations of this type would provide further insigltthe
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neural mechanisms underlying cognitive deficits in schizophrenia, and theyefpap h
shed light on neurobiological factors that trigger impairments in severe nikeiss
more generally.
Summary

Overall, results of the behavioral and neuroimaging data analyses suggested that
the schizophrenia participants benefited from the encoding condition manipulation.
Behaviorally, they recalled more words following Semantic (relative to8&mantic)
encoding, and the interaction with Group indicated that this recall benefit eategr
among schizophrenia participants than controls. These behavioral benefits were
accompanied by increases in task-related brain activation among schizophrenia
participants. Whereas between-group differences were detected in botiomsrect
(control > schizophrenia and schizophrenia > control) for Non-Semantic encodirlg, nea
all of the between-group differences during Semantic encoding were in¢hgatirof
schizophrenia > control. The behavioral and neuroimaging findings in this regard
replicate previous research showing significant enhancement of memoryrzeréer
and brain activity in schizophrenia participants following deep encoding tasks.
Additionally, the current data extend previous work by demonstrating theses effaug
a recall (rather than recognition) test and an associative (ratherehgmmemory
paradigm.

The current study also showed that the retrieval cue manipulation was equally
beneficial for the memory performance of controls and individuals with schizophre
Furthermore, retrieval cues conferred greater memory benefits for loaghsgiollowing

Non-Semantic encoding, suggesting that cueing is more beneficial foy pocdded
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information. Regarding the neuroimaging data, however, all retrieval conditenes
associated with widespread hypoactivation in the schizophrenia group. There were
indications that reduced signal-to-noise ratios in the schizophrenia group iefiuéec
retrieval neuroimaging results, although post-hoc analyses suggested thatf sben
results reflect true between-group differences in retrieval-celat@n activity.

Novel findings from this study included the detection of subsequent memory
effects in frontal cortex in schizophrenia participants, in addition to effet¢sted in
posterior areas that have been reported in previous studies. Furthermore, a number of
interesting relationships were detected between behavioral perforarahaadividual
differences in semantic processing ability, including a significantipesibrrelation
between the semantic processing composite measure and recall of Saipamonded
items. This correlation was significant only in the schizophrenia group, not the control
group. In addition, significant negative correlations were detected beSepeantic
encoding activity and the semantic processing composite measure, once agarthenly
schizophrenia group. Taken together, these data provide evidence that individual
differences in cognitive abilities among individuals with schizophreniaigarfisantly
affect behavioral and neurobiological responses to strategic memoremnttens.

Despite the presence of encoding and retrieval cues, however, schizophrenia
participants did not show enhancements in memory and brain activity under all
conditions. This was most obvious during the retrieval tasks, in which the schizophrenia
group showed patterns of underactivation across all retrieval conditions. In addition,
correct identification of New items was poorer in schizophrenia partici@aat

associated with brain activation deficits, most notably in medial temporal lobe
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Individuals with schizophrenia appear to have difficulty in discriminating olch inew
items, and this conclusion is supported by the effect size and d-prime analyses.
Furthermore, it is conceivable that activity in medial temporal lobe remantrols
signals novelty and aids in detection of new items, whereas the absence ofisigh act
in individuals with schizophrenia may be associated with deficits in identifgmg

items.

Finally, the current findings suggest that, despite the differences in btatya
described above, individuals with schizophrenia and healthy individuals rely on partiall
overlapping networks of brain regions to support EM processes. In analyses of brain
activity associated with EM encoding, subsequent memory, and retriemtibls and
schizophrenia participants consistently demonstrated commonalities in thesysteals
that were recruited to subserve memory functions. I interpret these findifugther
support the notion that constraining memory strategy use in individuals with
schizophrenia is effective in enhancing and “normalizing” memory-related activity
patterns. Although certain deficits in memory performance and brain amiyegrsist, it
is clear that orientation to advantageous memory strategies can partialiprate EM

function among individuals with schizophrenia.
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