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Abstract

Judgments of Learning (JOLS) are judgments of ikedihood of remembering recently
studied material on a future test. Although JOLwehdeen extensively studied,
particularly due to their important applicationsdaducation, relatively little is known
about the cognitive and neural processes suppodidigs and how these processes
relate to actual memory processing. Direct accksesries describe JOLs as outputs
following direct readings of memory traces and lempeedict that JOLs cannot be
distinguished from objective memory encoding operst Inferential theories, by
contrast, claim JOLs are products of the evaluatiba number of cues, perceived by
learners to carry predictive value. This alterra&ecount argues that JOLs are made on
the basis of multiple underlying processes, which ribt necessarily overlap with
memory encoding. In this thesis, the neural anchitivg bases of JOLs were examined

in a series of four ERP experiments.

Across experiments the study phase ERP data shinaedOLs produce neural activity
that is partly overlapping with, but also parthstitict from, the activity that predicts
successful memory encoding. Furthermore, the nearaélates of successful memory

encoding appear sensitive to the requirements tkeraaJOL, emphasising the close



Abstract

interaction between subjective and objective messaf memory encoding. Finally, the
neural correlates of both JOLs and successful mgrancoding were found to vary
depending on the nature of the stimulus matersalggesting that both phenomena are

supported by multiple cognitive and neural systems.

Although the primary focus was on the study phaR® Hata, the thesis also contains
two additional chapters reporting the ERP data imeduduring the test phases of three
of the original experiments. These data, which eraththe relative engagements of
retrieval processes for low and high JOL items,gsesy that encoding processes
specifically resulting in later recollection (aspmsed to familiarity) form one reliable

basis for making JOLs.

Overall, the evidence collected in this series RPEexperiments suggests that JOLs are
not pure products of objective memory processesswagiested by direct access
theories, but are supported by neural systemsatigaat least partly distinct from those
supporting successful memory encoding. These wvhgens are compatible with
inferential theories claiming that JOLs are supgaiby multiple processes that can be

differentially engaged across stimulus contents.
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Chapter 1.

Memory and Metamemory

The world's first psychological laboratory was fa@d in Leipzig by the German
physiologist Wilhelm Wundt during the mid 1800s. kdti showed a specific interest in
the study of human consciousness and mental pegesshich he studied
systematically and mainly through the means ofospection. His successors of the
psychological discipline did, however, soon judgé&dspection to be an unscientific
method of investigation and following the rise ehlaviourism, the study of mental life
was practically abandoned. Behaviourism, and itsigoon overt, rather than covert,
behaviour dominated psychology for over fifty yedtswas not until the 1970s that
researchers yet again turned their attention tosvire subjective facets of cognition. It
was this decade that saw the birth of metacognitidognitive monitoring is a
component of metacognition which has rightfullye®ed a vast amount of attention.
This is primarily because cognitive monitoring Hasen shown to be essential for
effective learning to take place. One such exanpléow memory predictions (as
measured by Judgments of Learning; JOL) seem tieghie allocation of study time to
material of varying difficulty. Considering the wtwaof research that has been devoted
to investigating Judgments of Learning, relativitife is known about the cognitive

bases of these metacognitive judgments. In paaticarguments focus on the degree
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that actual memory processes contribute to thé fireduct. The series of experiments
reported in this thesis systematically investigéte interplay between predicted
memory performance (JOLs) and actual memory pedooe using Event-Related

Potentials (ERPS).

The purpose of the present chapter is to provid®wtview of the organisation of
memory, keeping the focus on episodic long-term orgnfollowed by an overview of
the organisation of metamemory, keeping the focus@Ls and the proposed theories
regarding the possible basis of JOLs. Frameworks uftderstanding fundamental
concepts such as memory and metamemory are colfirvalving and it is therefore
beyond the following sections to outline every aspE the existing theories. Rather,
the intention is to provide a general outline o tturrent perspectives, the details of

which are currently the subject of ongoing debate.

1.1. TheOrganisation of Memory

Memory is a fascinatingly complex phenomenon, aasl for that reason posed a great
challenge for scientists throughout the history psfychology during attempts to
understand its workings and components. At a bkesiel memory is described as
manifesting itself though three separate stagesoding, storage and retrieval.
Encoding refers to the formation of memories amd lo@ subdivided into two discrete
steps: memory acquisition and consolidation. Wresguisition involves registering
and analysing sensory input, consolidation is &gse which stabilises and strengthens
a memory trace following acquisition. The resuleotoding is storage, which refers to

the record of the representation of the informattaat has been learnt. Finally, retrieval
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refers to the process of reactivating the infororatthat is being stored. Failure to
remember can be the consequences of deficienciemyatof the three stages, as
successful recovery of memories is dependent onesstul encoding and storage as
well as retrieval. This fact is important to corgidvhen investigating memory through
the observation of patients suffering memory diffies. And as the subsequent
sections will disclose, a large amount of knowleddp@ut memory systems has been

collected through such observations.

The broadest division of memory is traditionallydeebetween sensory, short-term and
long-term memory systems (see Figure 1.1). AccgrttinAtkinson & Shiffrin’s (1968)
modal model of memory, sensory information firstees a sensory register, in which it
remains for milliseconds or seconds at the mosigtthat are selected by attentional
processes are then moved into short-term memorggagpwhere they can remain for a
longer, but still very limited, duration of seconds minutes. Only if information is
rehearsed can it enter long-term memory storageyhith it may possibly remain

indefinitely.

A few years after Atkinson & Shiffrin introducedetn modal model of memory,
Baddley & Hitch (1974) developed their working meyndheory, which was an
extension of the previously proposed short-term orgntoncept. Working memory
consists of three components; the phonological,ltogp visuospatial sketch pad and the
central executive. In brief, the phonological loapd the visuospatial sketch pad are

assumed to be subordinate systems responsiblediotenance of acoustical and visual
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information respectively. The central executive, tbe other hand, is conceptualised as

a command and control centre.

1.1.1. Long-term Memory System

Given the purpose of this thesis, the propertieghef temporary memory systems
described above are not going to be explored furRather, the focus will be on long-
term memories that are retained for significanetiperiods. First, however, some of the
evidence which support the division between tempofshort-term/working memory,

henceforth short-term memory) and long-term memahtybe considered.

A lot of the neuropsychological evidence contribgtto memory research comes from
observation of patient H.M. (see Corkin, 2002).a4gpoung man in the 1950s, H.M. had
a temporal lobectomy (removal of the temporal lobéeterally) performed to alleviate
serious epilepsy. Although his initial condition svsignificantly improved, the surgery
left him suffering from anterograde (and limitedirograde) amnesia (Scoville &
Milner, 1957). Specifically, H.M. demonstrated se/amnesia for all events following
surgery, whereas his memdigr events that occurred prior to 19 months prewgdi
surgery seemed to be spared. Importantly, howdwennmemory deficits seemed to be
restricted to long-term memory as he was able moeraber information over shorter
intervals of time (see Corkin, 2002). Although tlobservation is important and
supports the distinction between short-term and-tenm memory, it only demonstrates
a single dissociation. To reject the possibilitatthong-term memory tasks are not
simply more difficult than short-term memory taskisjs necessary to demonstrate

deficient short-term memory abilities in the absené long-term memory difficulties.
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This pattern of behaviour was observed in pati&ns (Shallice & Warrington, 1969)
and E.E. (Markowitsch, Kalbe, Kessler, Von Stocldeay Ghaemi & Heiss, 1999).
Patient K.F. suffered damage to the left perisylvimrtex and demonstrated severely
reduced digit span abilities. Digit span referghl@ number of items an individual can
retain in memory over a short time and digit spestg are widely used in assessments
of short-term memory abilities. Whereas healthyivittlials typically display a digit
span of 5-9, K.F. was only able to remember twmgeHe did, however seem capable
of forming new memories that lasted longer thaewa $econds. Similarly, patient E.E.
became amnesic after removal of a circumscribetl heimispheric tumour. His
problems were selectively affecting short-term menfor abstract verbal material and
numbers. Importantly, his long-term memory for bgtrbal and non-verbal material
seemed normal. All together, the observations ®fl.HK.F. and E.E. provide strong
support for the view that neurally and functionalilystinct systems support the

formation of short-term and long-term memories.

But what are the important characteristics of loexgn memories except from their
relative long lasting qualities? A general des@ipbf long-term memory is difficult to
provide as a vast body of evidence suggest furtligisions are necessary to
accommodate the involvement (or not) of consciossngnd separations based on
memory content. The exact nature and formulatidnthese divisions remain to this
date contentious, however, Figure 1.1 providesedulifiypothetical illustration based
on Gazzaniga et al. (2008), which is comparablhéeoretical taxonomies proposed by

both Tulving (see Schacter & Tulving, 1994) and i8g(see Squire, 2004).
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Figure 1.1 Theoretical organisation of human memory
Adapted from Gazzaniga et al. (2008).
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1.1.2. Declarative Memory

Some amnesic patients who demonstrate severeutliéie with conventional long-term
memory tasks have shown intact performance on téstsotor skill learning (Corkin,
1968; Milner, 1962) and perceptual priming (faetié@d processing of information
resulting from prior exposure; Postle & Corkin, 899Patient H.M., for example,
demonstrated decreased completion time and ertes \cross days of training on a
mirror tracing task (Corkin, 1968). The mirror tireg task required him to draw a line
along the outlines of a star shaped pattern. Th#erige of such tasks is that the pencil
and the stars are not directly visible but ratledlected in a mirror. Despite showing
improved mirror tracing abilities with practice,obatime H.M. performed the task he

reported no conscious recollection of having penfed it previously.

Patient K.C., who suffered severe amnesia follovangnotorcycle accident, has been
extensively studied by Tulving and colleagues also &een found to exhibit certain
forms of long-term memory (see Rosenbaum et a0520ulving, 2002). For example,
McAndrews, Glisky & Schacter (1987) presented anwsegincluding K.C.) and
controls with sentence puzzles that were nearlyossjble to understand in the absence
of a critical solution word. One example sentergzéhaystack was important because
the cloth ripped”. This sentence makes little samgé the solution word “parachute” is
revealed. Participants read the sentences and pvevéded with the solution words
when they could not produce them themselves. Seeseio which solution words could
not be produced were re-presented to the partitspafter delays ranging from one
minute to one week and once again participants \aeked to produce the solution

word. K.C. and the other amnesic patient demorestrariming following a single
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exposure at all delays (about 50% correct solutimese generated in response to
previously unsolved sentences). The magnitude efpitiming effect did not change
between the different delays or number of studtiépns (ranging from one to five).
Interestingly, the patients did not consciously eember having read any of the
sentences previously. McAndrews et al.’s (1987¥ifigs show that priming can be
preserved in patients with otherwise severe longrteemory difficulties and that this

sort of memory can last at least a week.

Based on observations such as the above, it isiseelothat long-term memory is split
into two main divisions: nondeclarative memory ateclarative memory (Squire,
1992). Nondeclarative memory refers to a group aficonscious learning outcomes
that are expressed mainly through performance dlodvaa limited access to any
conscious memory content. This group of memoriegpanducts of motor and cognitive
skill learning (e.g. knowing how to ride a bike)daalso priming, classical conditioning
and nonassociative learning (habituation and deasdn). Declarative memories, by
contrast, include consciously accessible personaWledge (episodic memory; e.g. ‘I
had cereal for breakfast this morning’) and worttbwledge (semantic memory; e.g.
‘the capital of Denmark is Copenhagen’. The remaindf this thesis will focus on

declarative memory and specifically on episodic mgmwhich is outlined below.

! Similar concepts are explicit and implicit memq§chacter, 1987). Tests of declarative and non
declarative memory are therefore often referrealstexplicit and implicit memory tests.
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1.1.3. Episodic Memory

Episodic memory is unquestionably the kind of mentbat most closely resembles the
layman’s conceptualisation of memory; the re-exgraing of the past. The distinct
gualities of episodic memory are summarised infthlewing quote by Tulving (2002,

p. 2): “When one thinks today about what one distgay, time’s arrow is bent into a
loop. The rememberer has mentally travelled batk Irer past and thus violated the
law of the irreversibility of the flow of time. Shieas not accomplished the feat in
physical reality, of course, but rather in the itgabf the mind, which, as everyone

knows, is at least as important for human beings #s physical reality.”

Although the distinction between episodic and sdimamemories (first proposed by
Tulving, 1972) seems intuitively reasonable, theppsition was initially greeted with
criticism (Tulving, 2002). To date there has bear@ving agreement that a theoretical
division is practical; however the exact naturesefmantic and episodic memory, and
the anatomical bases of these, remains debatablein@s view is that episodic
memory has evolved out of, and is hence an exterafiosemantic memory (Tulving,
2002). Accordingly, episodic memory has additiomaherent characteristics that
necessitate the involvement of the hippocampus;hnisi not an anatomical necessity of
semantic memory (Tulving & Markowitsch, 1998). Sguand colleagues, conversely,
view episodic and semantic memory as equally dego@noin hippocampal and medial
temporal lobe structures, and argue for the additinvolvement of the frontal lobes

for episodic memory (Squire & Zola, 1998).
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Disagreements about the anatomical bases of episodl semantic memory are not
easily resolved because, as Tulving (2002, p. dRjte out, “the probability of the kind
of brain damage that neatly cleaves the brain fanalong the lines of such complex
systems is small’. Instead, damage is likely teetffmultiple systems and result in
diffuse cognitive impairment. For example, neur@bsfogical case studies are, for that
reason, often interpreted differently by differemiestigators and this is true even for
some of the most influential case studies relevarthe distinction between episodic
and semantic memory. For example, Vargha-Khaderdig@aWatkins, Connelly, Van
Paesschen & Mishkin (1997) carried out extensiveeolations of three children that
acquired amnesia due to anoxic accidents produmiatgral hippocampal pathology at
birth and the ages of 4 and 9 respectively. Thiel@n were unable to recollect episodic
events from their lives and scored within the anmesnge on most standard memory
tests. However, they appeared to acquire some seEmarowledge through formal
schooling. Vargha-Khadem et al. (1997) and latelvilg & Markowitsch (1998)
interpreted the data to mean that semantic memadybleen relatively spared because
of its relative independence of the hippocampusiir8g& Zola (1998), on the other
hand, were of the opinion that slow educationalgpess could have been possible
through limited episodic learning (permitted thrbuigitact frontal lobe functioning),

which would have been hard to detect with standadlassessment procedures.

The declarative memory system is a large and congylstem, and it is unlikely that its
exact nature will be fully revealed in the nearufet As previously stated, the
distinction between episodic and semantic memory @ven useful, and further

speculations regarding the nature of the two tygesiemory would fall beyond the

10
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scope of this thesis. Nevertheless, it is importanpoint out that any theory of the
divisions within the declarative memory system néedake into consideration the
close interaction between episodic and semantic aneife.g. Greve, Van Rossum &
Donaldson, 2007) and the fact that the two typem@fory are not easily isolated even

under artificial laboratory situations such as thdescribed below.

1.1.4. Studying Episodic Memory

As outlined earlier, memory is believed to encorspisee equally important stages:
encoding, storage and retrieval. Since memory reslmeasured as an inability to
retrieve) can be caused by interruptions at any ainghese stages, it is important to
carefully consider aspects of study, retention sestl phases of experiments designed

for the purpose of investigating episodic memory.

The most widely used paradigm for systematicallyegiigating episodic memory

function in humans involves exposing participantatseries of stimulus materials and
later assessing memory for the material on a sulesgctest. Memory tests can be
provided in a range of different formats. Howeveefore these are considered, it is
necessary to review a few of the many factors pteslering the study phase of

experiments that seem to affect later memory ferrtfaterial that is under study. One
such factor is the amount of attentional resoutieasthe participants have available at
the time of encoding. It has been repeatedly shilnahwhen participants are required
to divide their attention between an encoding t@s#t a secondary task, the result is a
decrease in subsequent memory performance (e.gréom Craik & Naveh-Benjamin,

1998; lidaka, Anderson, Kapur, Cabeza & Craik, 2D0@ther important factors

11
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include the duration of stimulus exposure time (¥ppel & Hawkins, 1994) and list
length (number of items participants are requitetearn; Cary & Reder, 2003; Strong,

1912; Yonelinas & Jacoby, 1994).

Given the large number of factors believed to mflce memory processes at the time of
encoding, it is crucial that paradigms are cargfd#signed to ensure that the factors are
kept constant and have the same effect on the rpmafice of each individual
participant. Not all factors, however, are as gasintrolled by the experimenter. For
example, the amount of attention each individualoties to the task (independent of
specific attentional manipulation inherent in thargmigm) is one factor that the
experimenter will typically have problems exertiogntrol over. One other important
consideration is what the participants choose twitdlo the to-be-remembered material,
as this is known to be a strong determinant of egilsnt memory. The level of
processing framework developed by Craik & Lockhi(@@72) predicts better memory
for material that has been processed in a deepppssed to shallow, manner. Deep
processing implies greater mental elaboration @&t time of study, for example
considering the semantic meaning of a study woh&ll®wv processing, on the other
hand, typically involves consideration of the plegsicharacteristics of materials; for
example determining the number of letters that reake the study word. Numerous
experiments have validated the level of processgimgliction (e.g. Craik & Tulving,
1975; Fisher & Craik, 1977, 1980) and to encourggeticipants to behave as
homogenously as possible, experimenters usuallyigeo specific instructions

regarding the use of encoding strategies. Levelprotessing manipulations have

12
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frequently been used in electrophysiological inigedions of memory encoding and

retrieval and this topic will be revisited in Chap8.

In the same way that memory encoding conditionsl nede kept constant, the time in

between study and test also needs to be equahbdr garticipant. If the memory test

occurs after a delay, the activities that the pgdints are engaging in during the delay
need to be the same. For example, if a delay isssaey, it is common to provide the

participants with filler tasks, such as countingchwards in twos or filling out a

guestionnaire.

The final stage of a typical memory experimenthis test phase, in which the memory
performance is recorded. Traditional memory tegigally took the form of free recall,
in which participants were instructed to report @é study items that they could
remember, usually in no particular order. Brown3Ppresented participants with such
a free recall test immediately after the study phasd then again after a 30 minutes
delay. Surprisingly, memory performance was beaitethe second, rather than the first,
test. This observation strongly suggests that amgestest is an imperfect indicator of
memory (see Roediger & Thorpe, 1978). Memory tesiw come in many different
formats, and the test format is important to comsibecause different tests will
invariably produce different memory scores (Migopmaldi, Norman, Quamme &
Mayes, 2008). One of the most important differenbesveen memory tests is the
provision of retrieval cues. A retrieval cue istansilus which can facilitate memory
performance through appropriately guiding memormrele. Effective cues are usually

related to the target information and are oftergrfrants of a study episode. For

13
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example, on cued recall tests, participants magystulist of word pairs and later be
instructed to recall one word from the pair wheeytlare presented with the other. The
effectiveness of using retrieval cues led somearebers to believe that forgetting (in
normal healthy people) is often caused by failoradcess memories rather than that the

memory trace has ceased to exist (see Tulving,)1974

1.1.5. Recognition Memory

One special type of retrieval cue that is frequentied in memory experiments is the
target item itself. This is the case in recognitltemory experiments: participants are
presented with a number of previously studied (deins intermixed with (new) lure
items. Memory performance is measured as the yahiitsuccessfully discriminate
between old and new items. It is commonly beliewbdt successful recognition
memory is supported by two distinct processes; Ifarty and recognition (Atkinson &
Juola, 1973; 1974; Jacoby, 1991; Jacoby & Dall@ 11 Mandler, 1980; Yonelinas,
1994; 2002). Recollection is conceptualised aslatively slow process that involves
detailed retrieval of context and information frenprevious study episode. In contrast,
familiarity is believed to be a faster process Wwhgives rise to a notion of having
encountered an episode before in the absence oétleery of contextual details. The
typical example researchers use to explain thishdigon is the experience of meeting a

person whom one recognises but cannot remembeathe of.

To attempt segregation of familiarity and recoli@ctprocesses, experimenters have
instructed participants to make secondary resporfefiewing old recognition

judgments that can be used as indicators of whickgss was underlying the initial

14
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response. One such type of subsequent memory asg®sss provided by the
Remember/Know (R/K) paradigms (Tulving, 1985; atewered in Chapter 3). In R/K
paradigms participants are asked to indicate wheltey specificallremembethaving
encountered the test item before or whether theplgi know the item is old. The
assumption behind this procedure is that R resposse/e as indicators of recollective
experiences and that K responses reflect feelinigdamiliarity. Although R/K
paradigms have been widely used in recognition mmgmiavestigations, one
fundamental predicament with the paradigm is det@ng how closely the two
response categories map onto the theoretical mepragesses. Assuming that such
mapping is possible, the instructions that arermgiteethe participants regarding when to
make R and when to make K responses remain ciacithsure as pure a measure as
possible (Eldridge, Sarfatti & Knowlton, 2002; Gera& McCabe, 2006; Geraci,
McCabe & Guillory, 2009; McCabe & Geraci, 2009; i, Macmillan, Reeder &

Wong, 2005).

An alternative to R/K judgments are confidencengdi which involve participants
indicating their level of confidence following rival by the use of a rating scale. Here,
the assumption is that recollected memories aremapanied with higher confidence
relative to familiar memories. When confidence jondgts are recorded, hit (old items
correctly identified as old) rates can be plottggiast false alarm (FA; new items
incorrectly classified as old) rates as a functwh confidence to form Receiver
Operating Characteristic curves (ROC curves). Iefpchanges in the shape of ROC
curves across conditions seem to require the ievoént of two separate parameters

(the subtleties of the ROC method will not be ceden this thesis, see Yonelinas &

15



Chapter 1: Memory and Metamemory

Parks, 2007, for further reading). Much of the &ddal evidence in support of a
distinction between recollection and familiarityopesses comes from brain imaging

studies and will therefore be reviewed in Chapter 3

1.1.6. Process Purity

Although dual process theories of recognition mgmbave been devoted much
attention in the literature, they remain controiadrgrimarily because of the difficulties
in obtaining definite estimates of recollection afashiliarity. Many single-process
theorists therefore claim that familiarity does egist as a separate process per se, but
rather reflects a weaker form of memory (Hintzmab®88; Gillund & Shiffrin, 1984;
Murdock, 1997; but see Mickes, Wais & Wixted, 20fif§,a recent attempt to reconcile
single and dual process theories). One of the eingdis associated with evaluations of
potentially qualitatively different retrieval progses is the concept of process purity.
Process purity refers to a circumstance in whiehabntrast between two experimental
conditions has successfully isolated the operatioone single (pure) process. Given
the intricacy of the human memory system, it is/uarlikely that process purity will be
fully achieved, even when experiments are veryfallyedesigned. Tulving (2002, p. 5)
points out that the episodic memory system is rgexdiypothetical one and not defined
or represented by a specific test, but more lilkddtermined by multiple systems. For
example, when accessing semantic knowledge fromangnit is possible that the
specific episode in which the semantic knowledges waquired is recollected

simultaneously.
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1.1.7. Section Summary

Memory is not a unitary system but consists of ipldtcomponents that together make
up a complex and interrelated system, which has sagalied extensively, particularly
through observations of patients suffering from agi@ (memory loss). Many
theoretical distinctions are made between long-teremory and temporary memory
(short-term memory, working memory and sensory mgjnd.ong-term memory is
further subdivided into declarative and non ded¢ie@a memories, which refer to
consciously accessible knowledge and knowledge ithapically expressed through
behaviour (such as motoric skills and simple haitun) respectively. Declarative
memory is believed to consist of episodic memorgrgpnal memories about one’s

past) and semantic memory (knowledge about thedorl

Memory experiments in the laboratory involve presen participants with a set of

stimuli during a study phase which they are latkea to remember during a memory
test. Memory tests come in many different formatsluding free recall, cued recall and
old/new recognition, each of which provides diffaremeasures of memory
performance. According to dual process theoriesegbgnition memory, successful
performance on such memory tests can be basedttwr eecollection or familiarity.

Recollection refers to the conscious and detaigdeval of a specific event that has
taken place in the past, whereas familiarity referthe feeling of having encountered

an event before without the accompaniment of soctiextual details.

Finally, one of the most fundamental challengeth@voretical memory research is being

able to isolate and examine one single cognitivaress at the time. This is because
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most tasks involve input from several systems timtst likely interact closely.
Importantly, however, this problem of process puig not exclusive to memory
investigations, but applies to most cognitive pheapa, including metacognition,

which will be the focus of the remainder of thigpter.

1.2. Metamemory and Judgments of L earning

Metacognition (from Greek Meta ‘over’ and Latin @aip ‘knowledge’) has yielded
an impressive number of publications in psycholabijournals notwithstanding its
novelty as a field of research. The traces of nogfaition in the literature typically lead
back to John Flavell’s research on the developraenmtemory skills in children. Flavell
(1976, p. 232) initially provided the following deition of metacognition:
"Metacognition refers to one's knowledge concerring's own cognitive processes or
anything related to them, e.g., the learning-redéyaoperties of information or data.
For example, | am engaging in metacognition if ticethat | am having more trouble
learning A than B; if it strikes me that | shoulduible check C before accepting it as a
fact.” Following this definition, the aspect of mebgnition that distinguishes it from
‘ordinary’ cognition is, hence, that the contentloé cognitive engagement is cognition
itself. This thesis is focussed on a subcategorynefacognition which specifically
concerns memory. This subcategory has been apatelyricoined metamemory and is
described by Dunlosky & Bjork (2008, p. 11) as “pkts knowledge of, monitoring of,

and control of their own learning and memory prgess’
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1.2.1. A Framework of Metamemory Research

The history of metamemory research is difficult ftomalise, and this is possibly
because it took a long time for metamemory to obitai identity within the discipline
of memory. The majority of experimentation was aactdd in isolation (see Dunlosky
& Bjork, 2008) and researchers working within thiscgpbline had relatively little
connection with each others (and even less witlearebiers within the broader
discipline of memory). The problem seemed to be l#Hek of a formal structure
describing the relationship between different metianory components. This structure
was provided by the influential framework for metamory research developed by
Nelson & Narens (1990). The Nelson & Narens’ (199gmework describes
metamemory as consisting of two main processesitarorg and control. Monitoring
refers to the subjective assessments about thenidgamprogress, based on the
experienced feelings of, for example, comprehensibithe study material. Control
processes, on the other hand, refer to behaviatrategies that can be initiated
following the product of monitoring. One examplesoich a strategy is the differential
allocation of study time between items. The refslup between monitoring and
control has traditionally been described as onectivnal (i.e. monitoring causes
control, see Van Overschelde, 2008), however itreaently been suggested by Koriat
(2008) that information can flow in both directignsiplying that control sometimes

causes changes in metamemory knowledge and mawjtori

Figure 1.2 illustrates monitoring and control preses in the temporal order in which

they may occur during the stages of encoding (a&ipn), retention and retrieval.

Operationalisations of the monitoring judgments aexessary to ensure that the
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concepts are similarly applied across experimentsthese are provided by Dunlosky

& Bjork (2008, p. 17) as the following:

Ease-of-Learning (EOL) judgmentdudgments of how easy to-be-studied

items will be to learn.

Judgments of Learning (JOLJudgments of the likelihood of remembering

recently studied items on an upcoming test.

Feeling-of-knowing (FOK) judgmentsiudgments of the likelihood of

recognising currently unrecallable answers on aoojng test.

Source-monitoring judgmentsJudgments made during a criterion test

pertaining to the source of a particular memory.

Confidence in retrieved answeidudgments of the likelihood that a response

on a test is correct.
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The monitoring judgments summarised above haveomneon that they rely on
metamemorial knowledge that closely interact witihual memory processes (see
Dunlosky & Bjork, 2008). The nature of this intetiaa is, however, still relatively
poorly described and complicated by the fact thaearchers have found no, or only
weak, correlations between different types of metaory judgments (Leonesio &
Nelson, 1990; Souchay, Isingrini, Clarys, Taconddustache, 2004). Moreover,
Modirrousta & Fellows (2008) observed patients withmage to the medial
prefrontal cortex and found impaired FOK judgmeaisl recall confidence, but
intact JOLs, indicating that this region of prefi@ncortex is critical for the former
metamemory judgments but not the latter. Such ebsiens suggest that different
metamemory judgments could be tapping differenteetspof memory and that
findings from one kind of judgments cannot be gelised to others. Additionally,
the tasks that are used to investigate the vanwesmmemory phenomena differ
substantially, thereby further complicating potahtomparisons (Schwartz, 1994).
For these reasons, the focus of this thesis wiliai@ on one set of metamemory
judgments — Judgments of Learning — without thenapit to relate these to other
monitoring processes outlined in the Nelson & Natr€h990) framework. This is
not to suggest that the framework is superfluossit &as provided an important
context and structure for metamemory researchheurtore, the establishment of
the relationships between metamemory judgments insman important subject.
However, individual descriptions of those judgmemsed to be considered
alongside the development of a general frameworkaimplement the literature.
The primary aim of the series of experiments reggbih this thesis is to provide

such a description of JOLs.
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1.2.2. Judgments of Learning

Since the formal introduction of metamemory, themstific interest in JOLs has
proven to be substantial. One of the reasons frpibpularity is its direct

applicability to education. For example, JOL hagesdedly been found to guide
study time allocation (Mazzoni & Cornoldi, 1993; kalfe, 2002; Thiede, 1999,
also see Son & Kornell, 2008) and JOL accuracyldee associated with higher
memory performance (Maki & Berry, 1984; Thiede, 9p9The assumptions
regarding the relationship between JOL, study tialecation and memory

performance is described by Benjamin, Bjork & Schiwg1998, p. 65) in the

following way: “poor self-monitoring capacity nesesily entails poor selection and
execution of relevant control processes: If yoindoknow what you do not know,

you cannot rectify your ignorance.”

1.2.3. The Cognitive Basis of JOLs

Despite the wide acknowledgment of the importan€eJOLs for successful
learning, the cognitive basis of JOLs is relativedorly understood. Although there
is a general agreement that actual memory processesibute to the JOL
assignment, the extent of this contribution is unolegoing debate. Traditionally,
the understanding was that people have privilegedss to memory content and are
thus able to directly monitor the strength of meynivaces and translate these into
recall probabilities (JOL). These original ideasevgenerally referred to as “direct
access” or “trace access” views (e.g. Arbuckle &I@y 1969; King, Zechmeister
& Shaughnessy, 1980). One important implicatiordivéct/trace access views is

that the same variables that affect subsequent myeperformance should also
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have comparable effects on metamemorical monitojtiigments (see Schwartz,
Benjamin & Bjork, 1997). Although JOLs and testfpemance are often found to
be sensitive to the same experimental manipulatithis is not invariably the case
(Castel, McCabe & Roediger, 2007; Dunlosky & Nels@894; Koriat & Bjork,

2005; Koriat & Bjork, 2006; Tide & Leboe, 2009). Fexample, studies have
shown that participants sometimes underestimatengraory performance benefits
of using imagery encoding strategies as opposeadtéorehearsal (for a summary

see Dunlosky & Nelson, 1994).

Further evidence against direct/trace access #®odome from psycho-
pharmacological studies and observations of neyobydogical patients. If the
ability to make JOLs is reliant on the same systdras support memory processes,
drugs that are known to affect memory performarfveulsl have a comparable
effect on metamemory. Experiments have shown, hewetat benzodiazepines,
such as Midazolam and Triazolam, produce severer@grade amnesia without
affecting the magnitude of JOL responses (Merkitshman, Hsu & Berrigan,
2005; Weingartner, Joyce, Sirocco, Adams, Eckaediorge & Lister, 1993; but
also see lzaute & Bacon, 2005). For example, Meetital. (2005) found that
participants who were given Midazolam injectionsodarced JOLs that were
equivalent to participants who were given salinedtions, despite demonstrating
inferior memory performance. Surprisingly, partenips had been informed about
the adverse effects that Midazolam would have omang, but this seemed not to
influence their memory monitoring. In similar veifNelson, Graf, Dunlosky,

Marlatt, Walker & Luce (1998) found that alcohotarication had a detrimental
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effect on memory that participants seemed relativglable to correct for when

making metamemory judgments.

Observations of neuropsychological patients witmage to the frontal lobes have
also revealed differential impairments in metamenadilities relative to memory,

when compared to control participants (see Paniiagzniak, 2005). For example,
Vilkki, Servo & Surma-aho (1998) found that patentith damage to the right
frontal lobe were significantly worse at predictingcall for words compared to
patients with right posterior damage and contratipi@ants. These findings were
later replicated using memory predictions for sgatcations (Vilkki, Surma-aho

& Servo, 1999).

The above observations led some researchers totHegise that JOLs are not
products of memory strength readings, but that lgebave to rely on other sources
of information when making JOLs. These alternativiews describe JOL

assignments as inferential processes, which inviblgesvaluation of available cues
that people perceive as indicators of future menmmeyformance (Koriat, 1997,

Schwartz, 1994; Schwartz et al., 1997). Koriat'892) influential “cue-utilization

approach” systematically describe a range of susds cand divides them into
specific categories of intrinsic, extrinsic and mmumic cues (see Figure 1.3).
Intrinsic cues pertain to certain pre-experimenteracteristic of the study stimuli.
Examples of such characteristics are, in the cdseood pairs, the associative
relatedness between the cue and the target wardsjrathe case of single words,

imagery value. Hence, intrinsic cues are inherertheé stimuli and not dependent
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on the learner or the study situation. Extrinsi@guin opposition, are directly
related to the study regime, examples of whichtlaeetotal number of items to be
studied and the duration of time available for ging each of them. Koriat (1997)
expresses a particular concern that people geypesakm to underestimate the
predictive value of such extrinsic cues. Finallynamonic cues concern experiences
assembled during the learning (or retrieval) situatThe participant’s choice of
encoding strategy (for example imagery encodingu&mrote learning) would be

one such important source of information.

Extrinsic
cues

Encoding strategies

Number of presentations

Intrinsic
cues

Mnemonic
cues

Presentation
time

REPEERELE einees Accessibility of pertinent

Normative judgments information
of difficulty of

! Ease of processing
learning

Cue familiarity

Imagery value

JOL
output

Figure 1.3 Schematic illustration of Koriat's (19%e-utilization approach.

As outlined at the start of this sub-section, thescof direct/trace access views is
the reading and translating of memory trace sttengKoriat's (1997) cue-

utilization view also acknowledges that JOLs canhaesed on actual memory
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processing, just in a more indirect way. Rathentredying on privileged access to
memory traces, participants can, for example, alstiengage in retrieval attempts
and base their JOLs on the outcome of these atseifitat is most critical about
Koriat's viewpoint, however, is that JOLs can bed grobably often are, based on
factors other than memory and hence research slioald on understanding and
identifying the most reliable factors (cues). leiatial theories, such as the cue-
utilization approach, readily explain why JOLs acenetimes inaccurate and do not
show the same sensitivities to experimental vagmlals subsequent memory does.
For example people may assign disproportional ingmee to the wrong kind of
cues (Benjamin et al., 1998) or they may ignoresdimat are in fact informative
(Dunlosky & Nelson, 1994; Koriat, 1997). To asstss value of different types of
cues within a given context, or for a particulapdayof stimuli, it is necessary to
determine and compare participants’ JOL accuraoyescacross experiments. The
different conceptualisations and calculation of Jaturacy will be the focus of the

next sub-section of this chapter.

1.2.4. Measures of JOL Accuracy

The metamemory literature reports the use of tvwasge measures of monitoring
accuracy: absolute accuracy and relative accuraeg {Hacker, Bol & Keener,
2008). Absolute accuracy, also known as calibraticefers to the specific
correspondence between JOL and actual memory peafare. Hence, absolute
accuracy provides an exact measure of participgmésiicted memory. Calibration
is perfect if participants successfully rememberdll items rated 0% likely to be

remembered, 20% of all items rated 20% likely tadraembered, 40% of all items
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rated 40% likely to be remembered and so on. Bsamdicated by the signed
differences between JOLs and later performance:itip®s values indicate

overconfidence and negative values indicate undéidence. Relative accuracy,
also known as resolution, is a measure of how ateyrarticipants are at predicting
the likelihood of remembering one study itemlative to another. This is an
important skill in situations that require the aldion of limited amounts of study

time between materials.

Surprisingly, research has failed to establish aetation between absolute and
relative accuracy and it has recently been sugddbtd the two measures may tap
different aspects of metacomprehension (Maki, 8ieMWheeler & Zacchilli,

2005). Relative accuracy does, however, appeareta Inore stable measure of
metamemory accuracy than absolute accuracy, ammbssibly less sensitive to
individual differences (Maki et al., 2005; van COsenelde & Nelson, 2006).

Therefore keeping in line with previous metamemmegearch, relative accuracy

will be reported throughout this thesis.

Until recently, relative accuracy has been provigeidcipally by calculating the
Goodman-Kruskal Gamma correlation coefficient (Quad & Kruskal, 1954;
1959; also see Benjamin & Diaz, 2008; Spellman,oBifeld & Bjork, 2008) as
recommended by Nelson (1984). Metamemory studieshakquire measuring the
association between two sets of valbesndY, of whichX might be a set of JOL
responses and the corresponding set of recognition test resppnfke Gamma

coefficientG provides one such measure, based on the total eruofiltoncordant
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and discordant pairs. A concordant pajp) {s one for whichX; > X; andY; >;, i.e.
the trial with the highest value in one conditidecahas the highest value in the
other. A discordant pair is the opposi¥¢:> X; butY; <Y;. G can be empirically

calculated by the following formula:

C andD represent the number of concordant and disconnbyukrs respectively,
and G can vary between -1 (perfect negative correlateomd 1 (perfect positive
correlation). For a JOL study, this is mathemalycaljuivalent to the (rescaled)
probability that a subject will assign a higher J©la trial they later remember than

to a trial they later forget.

A major advantage 0B is that it is nonparametric: it makes no assunmpébout
the underlying distribution of the data. Howevédisregards tied pairs (trialsand

j for which X; = X; or Y; =Y)), discarding information and making the coeffitien
less stable. Perhaps most importar@has been shown to vary with response bias,
leading some researchers to recommend an altegnagiproach based on Signal
Detection Theory (SDT, Masson & Rotello, 2009).this case, the information
used to form JOLs (though not necessarily the J8ing itself) is assumed to be a
continuous, unidimensional, and normally distritbtelue for both subsequently
remembered and subsequently forgotten items. Rmits assign JOL ratings
based on this underlying information, giving high#dLs to trials with higher

values. The ability of the participant to discrimie between later remembered and
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later forgotten items can therefore be charactetisethe distancel, between their

distributions:

d — /'IR_luF
(0" +0:°)12

Here y; and y denote the mean JOL ratings for remembered agdten items

respectively, similarly o,° and o.” denote their variances. Unlik&, the
discrimination d, uses all the information available and is invariton response
biases. It does, however, rely on an unproven agsom that the underlying
distributions are normal. Hencg,and d, rely upon different assumptions and are

robust under different circumstances. To safeguagdinst biases or errors

associated with each measure, both are reportedghout this thesis.

Having established the different means of concdigtng and calculating JOL
accuracy, one important question arises: exactlyw taxcurate are JOLs as
predictions of future memory performance? The amswe this is not

straightforward because it heavily dependswdrenthe JOL is being made. This

guestion and its implications will be the focudiu remainder of this chapter.

1.2.5. Immediate versus Delayed JOLs

Nelson & Narens’ (1990, p. 130) original definitiaof JOLs read as follows:
“Judgments of learning (JOL) occur during or attequisition and are predictions

about future test performance on currently rectdlalems”. Later, however, they
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revised this definition to “Judgments of learnid@{) occur during or soon after
acquisition and are predictions about future tegsfggmance on recently studied
items” (Nelson & Narens, 1994, p. 16). This revig#finition, which does not
imply that items need be recallable at the timetleé JOL decision, seems
particularly appropriate given the important distion that has been made between
immediate and delayed JOLs (Nelson & Dunlosky, }981contrast to immediate
JOLs, which are made during or immediately aftex #ppearance of the to-be-
remembered stimuli, delayed JOLs are made afteread@termined delay. The
typical delayed JOL paradigm involves the conse&eufpresentation of paired
associates (a cue and a target) and after a cenanber of trials, the cue from the
first pair is represented along with the promptrtdicate the probability of later
retrieval of the target stimulus. Hence, the delaythese kinds of experiments are
filled with additional study trials, and are themef determined by the number of

intervening trials and the duration of each of ¢hes

Since Nelson & Dunlosky (1991) described the delay®L effect almost two
decades ago, the literature has consistently regatsubstantial improvement in
monitoring accuracy for delayed, as opposed to idiate, JOLs (e.g. Dunlosky &
Nelson, 1992; Dunlosky & Nelson, 1997; Kelemen & aMer, 1997; Meeter &
Nelson, 2003; Weaver & Kelemen, 1997). When JOlesimmmediate, G has been
found to be about 0.30, however, when the JOLslal&yed, G typically increases
to over 0.80 (see, for example Weaver & Kelemer§7)9Consistent with these
general observations, Nelson & Dunlosky (1991) fbtimt G increased from 0.38

to 0.90 when JOLs were delayed by about one miaftiee initial study.
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Intuitively, it might seem perplexing that delaywsld improve accuracy. However
the explanation for this observation possibly liasthe amount of information
available at the time the JOL is decided, rathanttihe timing of the response per
se. In the case of immediate JOLs, the study stisn(ih full) is presently available
on-screen or is presumably still fresh in memorhdw the prompt is presented
independently of the stimulus). In the case of yisdaJOLs, on the other hand, only
the cue stimulus is accessible and the JOL hastprbduced in the absence of
crucial information. Nelson & Dunlosky (1991) théme hypothesised that
immediate JOLs could be based partly on short-teremory (STM) processing,
whereas delayed JOLs rely on long-term memory (LTvcessing exclusively.
Since later test performance is dependent on ssitta®trieval from LTM, the
additional reliance on STM adds noise to the moimitp resulting in less accurate
immediate JOLs. Nelson & Dunlosky (1991) calledstidea the Monitoring Dual
Memories (MDM) principle and recommended that, tswe optimally accurate
monitoring, JOLs should be made after a delay ihdng enough to exceed the

duration of information in STM (Nelson & Dunloski991).

Although the delayed-JOL effect is generally agreethe a real phenomenon, the
validity of the MDM principle has been a hot topitdebate (Kimball & Metcalfe,
2003; Spellman & Bjork, 1992; also see Dunlosky g, 2008). For example,
some researchers argue for a transfer-appropriagtoning hypothesis, which
assumes that as the similarity between the prosemsgaged in at the JOL stage
and at the retrieval stage increases, the accafaaponitoring will improve (Begg,

Duft, Lalonde, Melnick & Sanvito, 1989; Dunlosky Belson, 1992). Spellman &
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Bjork’s (1992) self-filling prophecy hypothesis, dhe other hand, claims that
delayed JOLs are more accurate because participavestly attempt to retrieve the
correct answer when making a delayed judgment andegjuently base the JOLs
on the success of retrieval. Hence, they explagndislayed JOL effect in terms of
retrieval practice (also see Finn & Metcalfe, 20B8nball & Metcalfe, 2003; Son

& Metcalfe, 2005); when retrieval is successful thecome is a high JOL and a
memory boost, however when retrieval is unsuccés$s&ioutcome is a low JOL
and no memory boost. Finally, Koriat (1997) hasgasted that the delayed JOL
effect is caused by a shift from relying on intimsues to relying on personal

internal mnemonic cues.

The debate concerning the delayed-JOL effect isthetcentral question under
investigation in this thesis, which will focus sg@ally on the cognitive and neural
basis ofimmediateJOLs. The reason behind this decision was thatrherity of
behavouiral experiments and all existing brain imggxperiments (see Chapter 3)
have foccused on immediate JOL, and have thus gedva starting point for
investigations. Nevertheless, the distinction betwenmediate and delayed JOLs is
an important one to make. Critically, any conclasadout JOLs made in this thesis
cannot be interpreted as reflecting all JOL proegesResearch following up on the
current experiments will need to additionally ingate the neural correlates of
delayed judgments to establish how these comparthegoneural correlates of

immediate judgments.
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1.2.6. Section Summary

Since the late 1970s, psychologists have shownaeased interest in the study of
metamemory, which refers to the knowledge that [gebave about the workings of
their own memory. In 1990 Nelson & Narens developddamework for studying
metamemory systematically, providing a new startipgint in metamemory
research. Nelson & Narens (1990) described metameras consisting of a
monitoring component and a control component whicteract closely. The
monitoring component refers to metamemory knowlegigieed through subjective
assessments of the learning episode and the cootroponent refers to the

behavioural strategies used to regulate learning.

One important and widely researched metamemory oaemt is Judgments of
Learning (JOL), which are estimates of future rerbermg of recently studied
material. JOLs are considered important aspedisimfan learning because they are
believed to guide the allocation of study time ahdreby improve subsequent
memory performance. Despite of its acknowledgedontgmce, little is known
about the basis on which such prospective memotyna®s are made. The
traditional view is that people are able to ding@bsess the strength of memory
traces and base their JOLs on the reading of thidsevever more recently,
researchers have questioned whether privilegedsad¢oenemory traces is an actual
possibility. Alternative theories have been sugegssuch as Koriat's (1997) cue-
utilization approach, which emphasises the impagaof evaluating cues that are
perceived by the learner to be reliable predictdfrenemory performance. These

theories do not suggest that actual memory is niaeebasis of JOLs, however they
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suggest memory plays a more indirect (and alsdbR)l role in the assignment

process.

The reliability of JOLs, as predictors of memoryfpemance, is assessed through
evaluating absolute accuracy (calibration) or, mooenmonly, relative accuracy
(resolution). Relative accuracy is typically ob&inby calculating the Gamma (G)
correlation coefficient (Goodman & Kruskal, 1954598). Some researchers have,
however, expressed concerns of possible biasesiatsbwith the use of G (e.g.
Masson & Rotello, 2009) and have therefore reconuednthe use of Signal
Detection Theory (SDT) to evaluate relative JOLumacy. Reviews of the literature
suggest that JOLs made during stimulus presentédiovery shortly after) are only
weakly, or moderately, predictive of future memdgs measured by G). By
contrast, when the JOL is made after a delay okrsévminutes, accuracy is
considerably higher. This delayed-JOL effect (Nel€oDunlosky, 1991) is a well
established phenomenon. Nonetheless, researchensoain agreement about its

underlying cause.

The research in this thesis will focus on the nleamd cognitive bases of immediate
JOLs. These bases will be investigated using stdrgizhavioural methods and the
use of Event-Related Potentials (ERPs), which pevia measure of

electrophysiological activity originating from tHaain in response to a stimulus

event. A full outline of the ERP methods will beypided in the following chapter.
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Event-Related Potentials

Activity in the brain is a product of electricalcdachemical changes in the tissue.
Communication of information between neurons ineslthe flow of ions across
the neuronal membrane, producing a voltage fietdosmnding the active neurons,
which can be detected by scalp electrodes connéatan amplifier. The output is a
pattern of changes in voltage over time; this \g#tavariation constitutes the
Electroencephalogram (EEG). The EEG reflects time stisimultaneously ongoing
neural processes in the brain (see Andreassi, 280Qdahl, 1995). Therefore,
looking at the raw EEG output, it is possible tffedentiate between gross changes
in mental state (such as alertness and sleep}h®W®EEG is not sensitive enough to
reveal subtle changes in mental activity (Andrea®8D0). Such changes can be
detected, however, by time-locking the EEG recaydio a stimulus event, and
examining the brain’s average response to many ptesentations. The resulting
waveform reflects activity which is consistentlysasiated with the event of
interest; this signal constitutes the Event-Reld®edential (ERP; Coles & Rugg,

1995).
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The main advantage of using ERPs in cognitive mebess their high degree of
temporal resolution. In fact, it is possible tockainformation processing with
millisecond precision, starting with the initialgistration of a stimulus followed by
the preparation and execution of a response (@kRagg, 1995). Such a quality is
invaluable in investigations of sequences of cedelewvents. This chapter will
provide an outline of the procedures that are usexkcord, process and analyse
ERP data, followed by a discussion concerning ttierénces that can be drawn
from the end product. First, however, a basic dpson of how the ERP signal is

produced will be provided.

2.1. TheNeural Origin of the EEG

2.1.1. Electrogenesis

The general structure of a typical neuron is itaistd in Figure 2.1. The neuron is
surrounded by a neuronal membrane containing cysopland the nucleus. The
cytoplasm, which is also referred to as the intlate fluid, consists mainly of

water and electrolytes (electrically charged mdieswand ions). The membrane
works as a barrier between the intracellular amdetktracelluar fluids and controls
the flow of ions entering and exiting the neurorhich in turn determines the
difference in voltage between the inside and thiside of the neuron. This ability
is maintained by the protein molecules that the brame is made from. Some of
these molecules are attached to the surface ofmémbrane whereas others
penetrate the membrane and create a bridge betiveenside and the outside of

the neuron. These bridges are known as ion channels
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Figure 2.1 The basic structure of a neuron.

Features include the dendrites, cell body and akation potentials travel down the axon in the
direction indicated by the arrows. Information icleanged between neurons at the synapse; action
potentials cause neurotransmitters to be released the presynaptic cell and bind to receptors in
the postsynaptic cells causing ion channels to apeciose. This reaction results in a postsynaptic
potential: graded change in potential across thalnane.

When a neuron is resting, the separation of pesdivd negative charges across the
cell membrane sustains an electrical potential ppreximately -70 mV (by
definition, the outside of the neuron has an elegitpotential of 0). The negative
resting potential is primarily caused by a highenaentration of potassium ions in
intracellular compared to extracellular fluids (dieethe large numbers of open
potassium channels in the membrane). When a nasrstimulated, the electrical
potential rapidly changes and, if the neuron isotemised sufficiently, the result is
an action potential that propagates to the termwofathe neuron. The action
potential works on an all-or-nothing basis; as lasghe neuron’s potential reach a
certain threshold, the electrical impulse will dtiated to its full intensity. The
sudden change in voltage in one area in the axdheoheuron will elicit a similar
reaction in a nearby area and in this way the iswulill travel the full length of the
neuron in the manner of a chain reaction. It isdrntgmt to note that the only matter

that actuallymovesalong the axon during this progression is thetetat current;
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the ions move restrictively in and out of the aceémbrane and the surrounding
fluids stay in position. When the action potentidches the terminal of a neuron,
chemical neurotransmitters are released at thepsgnarhe neurotransmitters fit
into receptors at the dendrite of the post-synaptieuron. When the
neurotransmitters combine with the receptors thisses ion channels to open or
close resulting in a graded change in potentiabsscthe membrane, known as a
postsynaptic potential. Hence, action potentidlecetransfer of informatiomithin

a neuron (intracellular potentials), whereas pgagaptic potentials reflect transfer

of informationbetweertwo or more neurons (extracellular potentials).

Although action potentials can be measured usingsive single-unit recordings,
they are generally not registered by scalp eleesdqdluck, 2005) because neurons
that are aligned in parallel to each other ardyike send action potentials down the
axons at the same time. This synchronisation waooldbe a problem if the action
potentials were triggered merfectsynchrony, but this is often not the case. When
there is a slight time delay, one neuron will béirg ions out through the
membrane when another neuron is letting imnat the same spatial location. The
action potentials then cancel each other out aektbre produce a signal that is too

small to be detected from the scalp (Luck, 2005).

Post-synaptic potentials, on the other hand, lasgdr than action potentials, are
typically restricted to the one location (the détes) and arise instantaneously.
Post-synaptic potentials are therefore the signlaég are picked up by EEG

recording electrodes placed on the scalp. It isomgmt to note, however, that for

39



Chapter 2: Event-Related Potentials

the signal to be detectable, a relatively largeutetion of neurons must a) fire
simultaneously, and b) be arranged in an “opeml’figeometric configuration. In
open field configurations neurons are aligned pagallel orientation and when the
population of neurons fire simultaneously, the &leal fields generated by each
neuron will sum together. A great proportion of ttexebral cortex is structured in
this way (Coles & Rugg, 1995). However, neuronsa@me regions of the brain,
especially subcortical structures, are arrangeti Wié cell bodies clustered in the
centre and dendrites reaching out in all directi®uh an arrangement is known as
a “closed field” configuration, and activity fronearons aligned in this manner is
very unlikely to be picked up by scalp electrod€olés & Rugg, 1995). One
critical factor that follows from the selective séivity of EEG to particular types
of neural activity is that when no difference in ERCctivity is present as a function
of experimental manipulations, one cannot configermonclude that no such

differences exist because they could simply besibie at the scalp.

2.1.2. Volume Conduction

ERPs inherently provide less accurate spatial méion compared to
haemodynamic imaging methods (such as fMRI and PB&rause they only
measure signals from the surface of the head. Eii(atg recorded from the scalp
can be the result of a near infinite number ofaoérebral sources that cannot easily
be identified; a problem which is known as the &rse problem”. The main reason
for the poor spatial resolution is that the insmfethe skull acts as a volume-
conducting space. The electrical signals are srdeam¢ as they pass through the

brain, severely distorting the voltage distributas it appears on the surface. The

40



Chapter 2: Event-Related Potentials

signal recorded from a location on the scalp depemdthe position and orientation
of the neural generators as well as the resistandeshape of the brain and the

skull.

The inverse problem is the reason why ERPs areanoideal methodology for
investigating the various anatomical structureseulythg cognition. However the
distribution of ERP activity across the scalp stdbntains some valuable
information. For example, in cognitive research,ist sometimes sufficient to
determine whether or not the neural processes wibein two experimental
conditions are engaged by the same or differentahesystems. In the case when
two experimental conditions give rise to ERPs dfieding topographic distribution,

it is reasonable to conclude that different set@firal generators are engaged
across the conditions (or at best, that therefisrdntial engagement of generators).
Unfortunately, since an infinite number of dipote give rise to the same pattern
of voltage distributions, meaning that when no aphic differences are present it
is still possible that different subsets of genensaare involved across conditions. It
is, however, important to emphasise that the solmcaization of EEG signals can
be estimated based on MRI and head models. Scagabzation was not attempted
in this thesis because the primary focus was kepghe temporal characteristics of
memory and metamemory-related ERP activity rathan the anatomical structures

involved.
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2.2. Recordingthe EEG

Having described the neural origin of the electr&gnals that constitutes the EEG,
the next section of this chapter will be concerneith the equipment and

procedures used to acquire a clean and artifaetEEG recording.

2.2.1. Active Electrodes and Reference Electrodes

Scalp electrodes are typically made from small slie€ conductive metal. It is
important to choose a metal that does not corradiekly (hence losing their
conductance) and that causes minimal attenuatidovofrequency signals (Luck,
2005). The most commonly used metal today is s#ieer-chloride, but tin is also
a suitable alternative. Conductive gel is insetetween the electrodes and the
surface of the scalp to maintain recording intggoiter prolonged periods. Because
current takes the path of least resistance, itmgortant that the impedance
(impediment to current flow) between the scalp dredelectrodes is kept stable and
to a minimum. Reducing the impedance minimizegiieof contamination by low
frequency noise (caused by electrode and envirotahartifacts) and can be done

by gently abrading the skin to remove the outeedaf dead skin cells.

Scalp electrodes measure the changes in potewtials time in a basic electric

circuit conducting between an active electrode aneference electrode each placed
at a separate location. Ideally, the referencetrelde should be placed on an
electrically neutral site; however in practice mels site is obtainable. The recorded

signal will therefore not only reflect activity fnothe active electrode, but also from

42



Chapter 2: Event-Related Potentials

the reference electrode. The activity from thenariee electrode contributes equally
to each active electrode. However, the differermess active electrodes will still
remain informative. That is not to say that theitp@s of the reference electrode is
completely arbitrary. For example, it is essentiat the reference is not biased
towards either one of the brain hemispheres becswse a bias would result in a
systematic difference in the recorded signal betwdélge left and the right
hemispheres. It is also recommended that an irgagsti chooses the reference site
which is most widely used by other investigator$isor her area of research. This
is because the morphology of the ERPs will diffepending on the location of the
reference, and direct comparisons across experimevauld therefore be

challenging.

In cognitive neuroscience, the most frequently ussfdrence sites are the bony
protrusions (mastoids) behind each ear. Previouslyyas common practice to
physically link the left and the right mastoid dledes with a wire; however linking
the electrodes in this way generates a zero-resistpath between the hemispheres
allowing current to flow out of the scalp at onedton and back into the scalp at a
second location (Luck, 2005). To circumvent thislpem, recordings are now
usually carried out referenced to the left mastmity and are later re-referenced
offline, creating a virtual reference from the aga potential of the left and right

mastoids.
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2.2.2. Electrode Placement (the International 10-20 Sy¥tem

To allow a systematic investigation of the topodmamf ERP effects across the
scalp, it is necessary to record the EEG from mpleltielectrode sites using a
montage of electrodes. The location of EEG scadpteddes is standardised in the
International 10-20 System developed by Jasper8)19bhe International 10-20
system is based on the correspondence betweeocti®oh of the electrode and the
underlying area of cerebral cortex. Electrode plaeets are labeled firstly by a
letter, which refers to the lobe. Hence, the lstterT, C, P, and O stand for frontal,
temporal, central, parietal and occipital respetyivalthough there is no central
lobe, the distinction has been made for the sakidenftification). Secondly, each
recording site is assigned a number; left hemispharations are identified by odd
numbers and right by even numbers, and the sntAldenumber the closer the site
is to the midline. There are also electrodes plamethe actual midline, referred to

by the letter ‘z'.

In the International 10-20 system the electrodes @aced at points 10 and 20
percent of the measured distance from the nasfendépression at the top of the
nose) to the inion (the prominent projecting p@hthe base of the skull) and from
the left to the right pre-auricular points (the pandentations in front of the ears).
This is to ensure maximal coverage of the brain.il&/& minimal configuration

consists of one active electrode and one or twereete electrodes, a multi-channel
configuration can comprise 128 or 256 electrodesuch extended versions of the
International 10-20 system (see Chatrian, LetticiN&son, 1985), electrodes are

added to the array by using the spaces in betweenstandard configuration.
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Although alternative electrode systems exist (fameple the Queen Square system,;
Blumhardt, Barrett, Halliday and Kriss, 1977), th#&ernational 10-20 system
(including the extended versions 10-10 and 10-% asually employed in

experimental investigations.

2.2.3. Analogue-Digital (A/D) Conversion

EEG recordings are analogue: data are collectedincmusly over time with a
corresponding continuous range of amplitudes. onputers to be able to store
and process EEG data it is required that the analaggnal is amplified and
changed into a multi-level digital signal (in whidiscreet changes in amplitude are
measured at discrete moments in time). This prosegerformed by an analogue-
to-digital converter (ADC). It is essential thatetADC device has a sufficient
resolution, ensuring that the critical content loé tEEG recording is not altered.
EEG amplifiers also amplify unwanted electromagnetdise (from the brain or
from the testing environment) and this noise capeap in the EEG recording
(aliasing) unless the sampling rate of the ADCufficiently high (Picton et al.,
2000). TheNyquist theorem(see Luck, 2005) therefore recommends that the

sampling frequency should be at least twice thbdsgfrequency in the signal.

Following digitisation, the EEG signal is passedotigh two filters: a low-pass
filter which passes low-frequency signals and ataes high-frequency signals
(which might cause aliasing), and a high-passrfitich passes high-frequency

signals and attenuates low-frequency signals (whiem block the ADC).
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Frequencies are defined as low and high relative poedefined cut-off frequency

(which varies from filter to filter).

2.3. From EEG to ERPs

To extract ERPs from the EEG recording, steps rfitsdtbe taken to reduce the
impact of random or systematic artefacts of whioéré are many to consider (see
Rowan & Tolunsky, 2003 for an overview). Musculansion and electrical noise
from the surrounding environment are common problgm which the easiest
solutions are to eliminate their original causeg rfiaking sure the participants are
comfortable and that any unnecessary electricalipegent is switched off).
Artefacts due to eye movement and eye blinks, erother hand, can be reduced by

the use of data processing procedures outlinedvbelo

2.3.1. Ocular Artefact Reductions

Electrical changes due to eye movements and egkshdire a major contaminant of
EEG recordings, with the problem being most notitean data recorded from
frontal electrode sites. One way of approaching pinoblem is to ask participants to
refrain from blinking and moving their eyes duringtical epochs; however this
instruction poses a secondary task for participmnédtend to during the experiment
(a cognitive confound) and could also cause unsacgdension which ultimately
will reduce the quality of the recording (a physi@mnfound). By collecting
Electro-Oculogram (EOG) data collected at the sime as EEG allows excessive

eye- blinks and movements to be identified. The E@Easures differences in
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electrical potential between electrodes placed abavd below one of the eyes
(vertical EOG; VEOG) and between electrodes plamethe outer canthi to the left
of the left eye and to the right of the right eymr{zontal EOG; HEOG). Once
identified, one possibility is to simply throw oait of the contaminated segments of
EEG, but this can potentially cause a lot of datbd lost. Instead, most researchers
make use of EOG correction procedures, which relyregression techniques to
determine the degree of correlation between the E@G the EEG signal. The
calculated regression coefficient is used to remeyeoportion of EOG from each
active electrode channel. Although correction pdaces significantly reduces
ocular artefacts, it is important to keep in mihdttthe EOG can also pick up brain

activity and for that reason useful neural inforimatcan potentially be lost.

2.3.2. Averaging

After ocular artifacts have been removed from thatinuous EEG recording, the

signal of interest is still masked by backgroundsepsuch as ongoing cognitive
processes not directly relevant to the processirigenexperimental stimulus event.
As described earlier, ERP signals are very smath amplitudes in the order of

microvolts, and therefore need to be physicallyaeted from the rest of the EEG.
The most common procedure for improving the sigoatoise ratio is averaging

(Dawson, 1951; 1954), which involves time-lockihg tEEG recording to the onset
of the stimulus event and examining the brain’srage response to many such
events. When all the time-locked epochs of brativiag are averaged together, the
random background noise is (approximately) elimnedatwhereas the ERP signal,

which is assumed to be present in all epochs, beiltetained. The signal-to-noise
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ratio increases as a function of the square rotitehumber of trials included in the
average (Perry, 1966); consequently, adding timaggoves the quality of the ERPs,

but the gain from adding more trials becomes irgiregy smaller.

A few important assumptions underlie the averagguipnique, including a) that the
noise is uncorrelated with the signal of interasid b) that the signal is exactly the
same on every trial (Luck, 2005). In reality, hoeevthe background noise in an
EEG recording is unlikely to be completely randond ainrelated to the signal in
every instance. Similarly, the second assumpticaige rarely met; it is unrealistic
to expect the signal of interest to show no vasiatn amplitude and latency across
experimental trials. For example, it is likely thie signal of interest could be
absent on some trials, such as when people arectigrguessing during a memory
test. Variation in waveforms can also be causephases of fatigue or participants’
attention becoming diverted from the task. In pcagthowever, amplitude variation
across trials is not necessarily a serious probksmeal differences in amplitudes
across experimental conditions are still expectede reflected in the averaged
waveforms. By contrast, latency jitter is more otleallenge; if the latencies of
individual waveforms differ from trial to trial, ¢ amplitude of the averaged
waveforms will be reduced and distorted in shapee Berious implication of
latency jitter is that amplitude differences betwesxperimental conditions (or
groups of participants) can be the result of laggitter rather than of differences in
activity of the underlying generators. One potdrgialution to latency jitter is to
employ Woody filter techniques (see Woody, 1976},this approach relies heavily

on the ability to identify ERPs in individual tr&alwhich is often not possible.
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2.4. Deducing Psychology from ERPs

The assumption in cognitive neuroscience is thettedphysiological activity maps
directly (or indirectly) onto psychological phenamae It is important to keep in
mind, however, that the observed ERPs merely aigelvith the cognitive
processes under investigation and cannot be assumebe straightforward
manifestations of those processes. Regardless, thieeERPs have been extracted
from the ongoing EEG recording, an attempt mustriagle to somehow interpret
them with regard to their cognitive meaning. Thestfistep in this process is to

appropriately identify and select the ERP companémbe examined.

2.4.1. Component Selection

In the early days of ERP research, components wefmed in terms of their
polarity, latency and distribution on the scalp ¢ku2005), however these qualities
of are not very informative as a way of identifyitige cognitive processes that the
ERPs correspond to. Many researchers (e. g. Don€aflaway, Cooper, Goff,
Hillyard & Sutton, 1977) have therefore adoptedumttional approach”, focussing
on an ERP component’s relationship with experimengiables rather than its
peaks and troughs. To follow the functional apphoiids necessary to design tasks
that have the potential to isolate and contrastifipeognitive processes, allowing
ERPs elicited in two different experimental corwl$ to be subtracted from one
another (see Rugg & Coles, 1995). The resultingpmmant reflects the difference

in activity that distinguishes the experimentaliables.
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The functional approach includes two underlyinguagstions: the latency of the
ERPs to be subtracted must be equal and the exgraaiconditions that produce
them must differ with regard to only the cognitipeocess of interest. If the first
assumption is not met, the subtraction will prodseparate peaks in the waveform
and thereby mistakenly give impression that the pnacesses differ qualitatively.
The second assumption, also known atire insertion principl§Donders, 1868),
presupposes that cognitive functions are additivé do not interact with each
other. In most cases, however, this assumption nigkaly to be valid; two
conditions will consist of a number of shared ctigaicomponents, each of which
will be influenced by the introduction of additidr@mponents. Consequently, the
subtraction will reflect a combination of the addead the shared (but adapted)
components. It is worth noting, however, that Wiola of the pure insertion
principle is not unique to ERP research but applieall experiments that involve
comparisons by subtracting data (including behaaloexperiments and other

experiments using other neuroimaging methods).

2.4.2. Making Inferences from ERPs

Identifying that experimental manipulations giveerito different patterns of brain
activity does not in itself inform the specific ne¢ of these differences. Interpreting
ERPs is a notoriously difficult process, complichi® many of the issues covered
in above sections. Nonetheless, the consistenéindihgs across numerous studies
provides confidence in its value as a tool for stigating human cognition. ERPs
can be interpreted in terms of their temporal, sizd distributional characteristics,

each of which will be discussed in turn below.
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The major advantage of using the ERP technique be@modynamic imaging
methods (such as fMRI and PET) is their high terapoesolution; latency
differences can help establish the time it takesbttain to differentiate between two
experimental conditions. Importantly, however, tBRPs can only provide an
upper-bound estimate of timing differences, becaaster differences could occur
which are not detectable on the scalp. Amplitudieinces, on the other hand, are
believed to correspond to the strength or degrepradessing. Higher amplitudes
elicited by one condition over another suggest thatsame process is occurring in
both cases but is differentially engaged acrossctivitions (although it is also
possible that differences in amplitudes are cabyeh ERP effect being present on
a different proportion of trials, rather than besrgaller in magnitude per se). Also,
as noted earlier, differences in latencies acrosbvidual trials can result in
erroneous amplitude differences in the averagedefoam; hence the interpretation

of quantitative differences must always be madé watution.

When one experimental condition gives rise to af®B#th a particular amplitude
and latency at one location of the scalp, and amotiondition gives rise to an
identical ERP but at a different location, it isasenable to assume that the two
conditions engage neurally and functionally distipcocesses which happen to
overlap in time (Rugg & Coles, 199%) Although ERPs cannot provide accurate
information about the specific anatomical strucsuievolved, the differential

distribution of effects is informative in itself. nfbrtunately, in practice there are

2 The polarity of ERP effects are also of interesthis regard: when two effects differ in polarity
does not mean that different neural structuregaiag rise to the two effects, but it does nedassi
that different cognitive functions are operatingaft might or might not be supported by the same
underlying structures). Note, however, that pojadt an ERP effect does not carry any additional
interpretational information.
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serious challenges associated with statisticallyifyieg that such qualitative
differences actually exist. The repeated measufd®\A (also used for analyses
of quantitative differences) is based upon an addihodel, whereas differences in
dipole strength are multiplicative rather than #&sidi This mismatch has the
potential consequence of producing the appeararfcalifterences between
conditions at some locations compared to othersiclwlare not caused by
differential activation in different underlying smes. During the analysis of effects,
a simple main effect of condition could be wronghyerpreted as an interaction
between condition and location. As a possible gmiuto this problem, McCarthy &
Wood (1984) recommend that ERP data are rescaled fwr the analysis of
topographic distribution, as this would minimisee tunwanted multiplicative
effects. The most commonly used scaling strategyhé minimum-maximum
method which involves normalisation of the datae Tise of rescaling is vigorously
debated (see Haig, Gordon & Hook, 1997; Ruchkimndon & Friedman, 1999;
Urbach & Kutas, 2002; Wilding, 2006), but is sfilteferred by many researchers

due to the reduced likelihood of type 1 errors.

25. Summary

Event-related potentials reflect activity (predoamtly caused by postsynaptic
potentials) originating mainly in the cortex whishconsistently associated with the
processing of a stimulus event. ERPs are extrdobed the ongoing EEG, which is

recorded by using electrodes situated on the sudathe scalp. The EEG needs to
be amplified, digitised and filtered before muléipkials can be averaged together

and the ERPs revealed. ERPs can be characterizeédrits of their latency,
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amplitude and distribution on the scalp — all ofiehhprovide information regarding

the processes believed to be producing the signal.

ERPs are considered to be an important and usedllviith which to examine
functional models of cognition, allowing cognitivprocesses to be defined
according to their neurophysiological correlatesthdugh the spatial resolution
offered by the ERP technique is rather poor, itviges excellent temporal
resolution and is therefore an optimal choice forestigating timing aspects of

mental operations.
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Event-Related Potentials and

Memory/Metamemory

ERPs have been extensively employed in investigatiof human memory
processes. As outlined in the Chapter 2, they peeixcellent temporal resolution
and can be used to identify the timing aspectsoghtive functions and how these
differ across experimental conditions. This chaptgr provide an outline of some
of the past ERP research that has contributedtamderstanding of how the brain
encodes, stores and retrieves memories. The foitluh@n shift to the use of brain
imaging in studies of metamemory. The literaturéegs extensive in this area, but
the few experiments that have been conducted aedctimclusions they have

supported will highlight the purpose of the reshagported in this thesis.

3.1. TheNeural Correlates of Recognition Memory

3.1.1. Subsequent Memory Effects

The successful retrieval of past episodes and dladitg of the memories recovered
are both dependent on the encoding processes the¢ engaged when the
memories were first formed. For example, depthyoepssing experiments (see

Craik & Lockhart, 1972) have repeatedly demonstrdbat study items which are

54



Chapter 3: Event-Related Potentials and Memory/Metaory

deeply encoded (e.g. through making semantic judégnabout words) are better
remembered compared to items which are shallowtpded (e.g. through making
judgments about the physical characteristics ofdajrAlthough an encoding-
retrieval relationship is unmistakably present, theural systems that establish

memory traces are themselves still poorly undedstoo

ERP investigations of memory formation typicallyeule procedure of backsorting
study trials according to whether stimuli were rembered or forgotten at test.
Subsequent incorrect trials are subtracted fromsesgient correct trials and the
resulting difference waveform (see Figure 3.1)he subsequent memory (SM)
effect (also known agifferencedue tomemory Dm; Paller, Kutas & Mayes, 1987).
Hence, SM effects refer to the activity that folkowhe presentation of a to-be-
remembered stimulus, which is predictive of whethrenot that particular stimulus
will be later remembered or forgotten. SM effecvdn been demonstrated in
experiments using words (Fernandez, Weyerts, T&adobmid, Scholz & Heinze,
1998; Friedman & Trott, 2000; Otten, Quayle, AkraDitewig & Rugg, 2006;

Otten & Rugg, 2001a; Sanquist, Rohrbaugh, Synd&lkandsley, 1980), pictures

(Duarte, Ranganath, Winward, Hayward & Knight, 2)0gounds (Cycowicz &

Friedman, 1999), Chinese characters (Guo, Zhu, ,Diagn & Paller, 2004) and

faces (Sommer, Schweinberger & Matt, 1991).
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--------------- Subsequent recognition ———  Subsequent memory effect
———  Subsequent miss

+2.5 pV

0 1000 ms 0 1000 ms

Figure 3.1 SM effect.

Grand-average waveforms recorded at study for sutese hits (red) and subsequent misses (black),
plotted as a function of time (Skavhaug, WildingD®naldson, unpublished data). Positive voltage
is plotted upwards and zero indicates stimulus tofi$e subsequent hit waveform is more positive-
going compared to the subsequent miss waveformeagtvapproximately 500 and 1000 ms (A).
Subsequent misses have been subtracted from s@mduts and the resulting waveform is a SM
effect (B).

SM effects have been found to onset as early asr®0post-stimulus often with a
frontal distribution (latency- and topographic diénces across experiments are
discussed below). Importantly, the SM effects hbgen differentiated from other,
often co-occurring, processes such as implicit ntgraad distinctiveness detection
(Fernandez et al., 1998). The first ERP studiesstigating encoding (Sanquist et
al., 1980) examined SM effects elicited by wordglstd during either a semantic or
an orthographic encoding task. First of all, thesmlies found that items that were
subsequently recognised produced a more positivefean compared to items
that were subsequently missed. Second, the SMteifas considerably larger for
items studied during the semantic task comparedteims studied under the
orthographic task. These early studies employeeralimited number of electrodes
however, and for that reason could not offer sidfit coverage of the scalp to
support strong claims about scalp topography. Latedies have nevertheless

replicated Sanquist et al.’s (1980) main finding#thpugh for an exception see
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Otten & Rugg, 2001a) and added further valuabl®rmation as advances in
equipment and technology have progressed. This iggovbody of evidence
suggests that there is no single representatiyiecély SM effect; the topography

and time-course seem heavily influenced by a nurabgactors.

As pointed out above, the nature of the encodisk teas originally found to be an
important determinant of the magnitude of the SNeéaf (Sanquist et al., 1980).
Many studies have since reported that the effeetftlser reduced or even absent
when items are studied during shallow rather thaapdencoding requirements
(Paller et al., 1987; Paller & Kutas, 1992; Ri®eEnodgrass, 1996). Otten & Rugg
(2001a), on the other hand, found that depth-o&gssing manipulations led to
gualitatively (rather than quantitatively) diffeteBM effects. In their experiment,
participants were presented with a series of woetgded by a cue in the form of
an “X” or an “O”. The presentation of an “O” callédr the participants to decide
whether or not the following word was animate (demroding task) and the
presentation of an “X” called for the participambsdecide whether or not the first
and the last letters of the word were in alphabéteder. At test, the study words
were presented along with a number of new wordspamticipants were required to
make an old/new judgment for each. Following eagmary judgment confidence
judgments were also recorded, allowing only itehat tvere recognised with high-
confidence to be included in the grand averagekalite SM effects were found for
both the animacy and the alphabetical task dutimget time windows: 0-350 ms,
550-1000 ms and 1300-1900 ms post-stimulus. Inahienacy task, the effect

started with a left frontal focus, which changedrtmto-central recording sites and
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back to left frontal recording sites. By contrast; the alphabetic task the scalp
distribution was restricted to the centro-parigdording sites. The most apparent
discrepancy between the two conditions, howeves that they were reversed in
polarity; the animacy task elicited positive-goimdfects (consistent with the
majority of findings in the literature) whereas thiphabetic task elicited negative-
going effects. The observed change in polarity @ien & Rugg (200l1a) to
conclude that successful memory encoding is supgdsy multiple, task-specific,

neural systems.

According to Otten & Rugg (2001a), there are ttpessible reasons why previous
studies have failed to detect qualitative diffeenaising paradigms similar to
theirs: first of all, SM effects in shallow taskachnot been statistically evaluated
independently of effects in deep tasks (Pallerletl®87). Second, shallow tasks
usually produced insufficient number of trials feuch an assessment to be
adequately carried out in the first place. Finalgsponse confidence at test had not
been considered. The last point is particularlyontgnt because shallow tasks often
result in poorer memory performance both with rdgar number of remembered
items and the level of confidence reported. It ighly possible that only trials
associated with confident judgments at test wibbvgSM effects at study and, if
this is the case, the typically reported reductio§&M effects for shallow encoding
could be due to a higher proportion of non-conftdqadgments and guesses (Otten

& Rugg, 2001a).
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It is not only the polarity of the SM effect tharcbe affected by changes in study
task, as differences in scalp topography acrossrerpnts have also been widely
demonstrated (see Fernandez et al., 1998, Wagpoest&al & Schacter, 1999). In
terms of topography, two main categories of SM affaave been described
(Fernandez & Tendolkar, 2001; Fernandez et al.3%t98ne with centro-parietal
maxima (Besson & Kutas, 1993; Fernandez et al.3;18@ville, Kutas, Chesney &
Schmidt, 1986; Paller et al., 1987; Sanquist etX80; Van Petten & Senkfor,
1996) and one with frontal maxima (Duarte et @04, Fabiani, Karis & Donchin,
1990; Karis, Fabiani & Donchin, 1984; Klingberg &olRnd, 1998; Weyers,
Tendolkar, Smid & Heinze, 1997). It is unclear eékaevhat the differences in
topography signify, however it is hypothesised d¢aitro-parietal effects are caused
by rote learning strategies whereas frontal effents the product of elaborate
strategies. For example, Fernandez et al. (1998pwraged their participants to
avoid elaborate encoding strategies and found Sbttsfwith a focus on centro-
parietal recording sites. Likewise, the use of etabve encoding strategies (e.qg.,
relating list items to each other or to personagbezience) has been found to
suppress the centro-parietal effects in Von ReStqrradigms and generated

frontal effects (Fabiani et al., 1990; Karis et 4084).

The experimental evidence outlined above clearipatestrates how sensitive the
SM effect is to task instructions at study. Sinkke backsorting method involves
sorting study trials based on later memory rettiggeaformance, the instructions

participants are given at test are also importantdnsider. Different forms of

% Subjects are better at remembering items thatdistnct in one or more dimension. This
phenomenon has been called the Von-Restorff eféegt see Fabiani & Donchin, 1995).
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memory retrieval assessment and the neurophyswalbgorrelates they elicit at test
are topics that will be covered in detail latertivis chapter. It is, however, also
necessary to outline some of the existing testdigmas here — to evaluate the

consequences they have for memory encoding inistics.

A great deal of human memory experiments rely @ogaition memory tests for
evaluating performance. Recognition paradigms wevdhe presentation of stimuli
at study that are later re-presented at test, lysudkrmixed with an equal number
of new stimuli. Participants are required to cotlseddentify items that were
included in the study phase (old items) and rejeate that were not (new items); a
task referred to as an old/new judgment. Sometioldgéew judgments can be
followed by ratings of confidence (e.g. Otten & Ru@001a), which allow the
exclusion of trials recognised on the basis of waaknory traces or pure guessing.
Alternatively, participants can be instructed tooyde additional information
regarding the original study episode (e.g., theowolin which a word was
presented). Such tasks are known as source judgrtashkis and place considerably
more demands on the participants. Other forms ghomg assessments procedures
include cued recall tasks (in which parts of a gtiteim is re-presented as a retrieval
cue and the participant needs to provide the ranmitontent) and free recall tasks
(in which participants have to recover the stuéynitrom memory without the aid

of a retrieval cue).

As stated previously (see Chapter 1), it is widaedjieved that there are two routes

to recognition: familiarity and recollection (Briois, Fraser, Herron & Wilding,
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2006; Curran, 2000; Mandler, 1980; Rugg & Curra@0?2 Rugg & Yonelinas,
2003; Yonelinas, 2002), and that these two formsremfognition memory are
supported by distinct cognitive and neural procegBeidson et al., 2006; Rugg &
Curran, 2007; Rugg, Mark, Walla, SchloerscheidtcBi& Allan, 1998; Rugg &
Yonelinas, 2003; Vilberg, Moosavi & Rugg, 2006; Woaff, Hayama & Rugg,
2006; Yonelinas, 2002; Yonelinas, Otten, Shaw & RWP05). Many researchers
have investigated the familiarity/recollection distion by using versions of the
Remember/Know (R/K) paradigm (Tulving, 1985; seeafihr 1). In R/K
paradigms, participants are first required to mak#new judgments at test, and
following each old decision, they are additionadlgked to indicate whether they
specificallyremembeihaving seen the item at study (a response believadlicate
recollection) or simplyknow that the item is old (a response believed to etgic

familiarity®).

Although the R/K paradigm has been a key task usethvestigate memory
retrieval processes, researchers have also quedtishether differences in the SM
effects can be found as a function of type of judgtrgiven at test (Duarte et al.,
2004; Friedman & Trott, 2000; Mangels, Picton & &r&001; Smith, 1993). This
guestion elicited interest because a number of ERfeval experiments using the
R/K paradigms have concluded that familiarity aedotlection are supported by
distinct neural systems (outlined later in thisptiea). If familiarity and recollection

are dissociable at the time of retrieval, it iss@m@able to assume they are also

* There is some debate surrounding this claim, seeier & Java (1990).
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dissociable during encoding. The findings from eaficg studies using the R/K

paradigm have, however, to this date been incoivelus

In one of the earliest investigations, Smith (198})nd reliable SM effects for
items that were subsequently judged as remembegedvell as for items
subsequently judged as known. These effects wéadviedy widespread and long
lasting (appearing between 200 and 900 ms postikig)) with R responses
eliciting a larger effect than K responses, buthwaquivalent scalp topography.
Friedman & Trott (2000), on the other hand, foumdedfect only for items that
were remembered (an effect appearing between 4DQHID ms post-stimulus with
a left frontal focus). Friedman & Trott reconcildteir findings with those obtained
by Smith (1993) in terms of instructions; claimitigat Smith’s instructions were
simply inconsistent with the typical R/K paradigMoreover, Duarte et al. (2004)
reported effects for both subsequently known amderabered items which had
similar onset times, but different scalp distribus and offset times. Whereas
known items gave rise to a left frontal effect be¢nw 350 and 450 ms post-stimulus,
remembered items were associated with a right-ditaffect occurring between 300
and 450 ms, shifting to a more bilateral distribntibetween 450 and 600 ms.
Similarly, Yovel & Paller (2004) found that rightmispheric activity predicted
subsequent face familiarity (retrieval without cext), whereas bilateral activity

predicted subsequent face recollection (retrievdl wsontext).

Although it is difficult to draw definitive conclimns from the R/K studies carried

out to date, they highlight the general complexitat is currently present in the
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memory encoding literature. In addition to encodiasks and retrieval instruction,
other factors known to further influence the timiagd distribution of SM effects

are intentions of encoding (Cycowicz & Friedman99Pand even mood (Kiefer,

Schuch, Schenck & Fiedler, 2007). In addition, ©Ottet al. (2006) have

demonstrated that activity preceding a to-be-renegetbword is also predictive of
later memory for that stimulus. Otten & Rugg (200kad previously hypothesised,
based on the sometimes very early onset of SMisffétat critical processes could
already be active before an encoding event tak@seplpossibly elicited by a pre-
stimulus cue. To investigate this possibility Ottet al. (2006) presented
participants with a cue signalling the nature @& &mcoding task for the upcoming
word (either semantic or orthographic) and timektat the EEG recording to the
cue rather than the word using a backsorting praeedrhey found negative-going
pre-stimulus SM effects present at the front of $halp occurring 250 ms before
stimulus onset. Similar results were found in aoselcexperiment when the pre-
stimulus cues warned the participant of the mogalitthe upcoming word (either

visual or auditory).

Whilst compelling, the findings of Otten et al. (&) are difficult to reconcile with

previous theoretical accounts; how can SM effectaupo before the onset of to-be-
remembered stimuli? One intuitive answer to thisgjion is that participants are
differentially allocating their attentional resoascprior to an experimental trial.
However, Otten et al. (2006) provide a number @soms why this explanation
should be rejected. For example, if pre-stimulus &fécts reflect recruitment of

attention, they should be present across all theeraxental conditions, but they
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only occur for cues that signalled semantic enapdasks (experiment one) and
visual presentation modality (experiment two). Thusving rejected an attentional
account, the authors explain their findings in terof adaptations of specific task
sets during encoding — specifically that the frbatdivity reflects working memory
control processes (for more information about tbssble role of working memory
in long-term memory formation see Fernandez & Tégato 2001; Wagner et al.,
1999). Regardless of whether this interpretatiothef findings is correct, the data
clearly demonstrate the complexity of the processeslved in the formation of

new episodic memories in humans.

Most of the evidence reviewed above is consistatit @tten & Rugg’s (2001a)
earlier claim that memory encoding is supporte@d ymber of task-specific neural
systems and evidence gathered through the useterhative imaging methods,
including intracerebral recordings (Fernandez gt199) and in particular fMRI
(Brewer, Zhao, Desmond, Glover & Gabrieli, 1998;k,Er Kiefer, Grothe,
Wunderlich, Spitzer & Walter, 2002; Fernandez & delkar, 2001; Otten & Rugg,
2001b; Park & Rugg, 2008; Rugg, Otten & Henson,20agner et al., 1998), is
supportive of this view. fMRI studies of successimemory encoding have
consistently reported the engagement of the priedft@mortex (PFC) as well regions
situated within the medial temporal lobes (MTL; feviews see Spaniol, Davidson,
Kim, Han, Moscovitch & Grady, 2009; Wagner et 4099). Recent work has also
explored a possible important role played by thetgrior parietal cortex (PPC),

possibly linked to attentional mechanisms (Uncagh&agner, 2009).
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Although it is difficult to integrate current ERRGfMRI findings, evidence points

towards a link between the frontally distributed $RP effects and activity in the
PFC (e.g. Wagner et al.,, 1999). For example, fMRtadhave suggested that
episodic encoding is facilitated by working memprpcesses mediated within the
PFC (the exact location depending on the natur¢hefstimulus materials; see
Wagner et al., 1999) and the region has also baked to control processes such
as selection of goal-relevant item information (Bknfeld & Ranganath, 2007).).
Since the first observations of patient H.M. it H#en generally agreed that the
MTL, particularly the hippocampus, also have impottimplications for episodic

memory. It is therefore surprising that some fMRIdses of successful memory
encoding have failed to detect any significant\atibon of these structures (see
Henson, 2005). According to Jackson & Schacter 3p0he reason for these null
results is that studies have focussed primarilgumsequent memory for individual
items. As MTL structures are possibly responsiblecfeating associations between
items they will specifically be required under cinestances when two or more
items are ‘bound’ together. Whether the posteridr ERP effect reviewed above

reflects consequences of activity in the MTL prajeg onto the scalp is a definite
possibility, however one that is impossible to asge. Nevertheless, when

interpreting SM ERP effects it is important to cioes the growing amount of fMRI

evidence in the memory encoding literature to fartthe understanding of how the

brain forms memories that remain accessible ifuhege.

In summary, SM effects refer to activity that felle the presentation of a to-be-

remembered stimulus, which predicts whether orthat same stimulus will be
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remembered during a later test. The effects areergéiy characterised by an
increase in positivity for subsequently remembestaiuli relative to subsequently
forgotten stimuli, however the time-course and gahstributions have been found
to vary greatly depending on a number of factorel@iding stimulus content,
encoding tasks, intentions to encode and retrimsfuctions). Formation of new
memories, for that reason, is probably not a upipgiocess but rather supported by
activity in a number of specialised neural systeBysthis view, a generic memory
encoding operation does not exist, and behaviobeiter explained as the result of
more extensive processing resources being allocededome stimuli, which
increases the probability that those stimuli valier be remembered when required.
The nature of SM effects is therefore dependenthennature of the processes

engaged.

3.1.2. Old/New Retrieval Effects

Interestingly, relative to SM effects, memory retal effects have been relatively
well-characterised in the literature. Researchdsablished that ERPs to hits (old
items correctly identified as old) are typically ragpositive-going than those to
correctly rejected new items; a pattern of activéferred to as ‘old/new effects’. At
least three distinct old/new effects, with differdanctional interpretations, have
been identified and dissociated at retrieval (Baiews see Allan, Wilding & Rugg,
1998; Friedman & Johnson, 2000; Rugg, 1995; Rug@wWran, 2007); the early
mid-frontal effect, the left-parietal effect ancethate right-frontal effect. Although
other effects have been identified (e.g. the latstgrior negative slow wave, see

Wolk et al., 2006; Wolk et al., 2007), the threaditional effects are most relevant
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to the studies reported in this thesis and willtfat reason be the focus of the next

section of this chapter.

The earliest of the main retrieval effects, the 4fintthtal old/new effect, typically
occurs between approximately 300 and 500 ms pwst#sts with maxima over
mid-frontal electrodes (see Figure 3.2). This dffealso referred to as the FN400
effect by some researchers (see Curran, 1999) beazuits resemblance in time
course to the N400 (Kutas & Hillyard, 1980) oftdmserved in language studies of
semantic incongruity (this choice of terminologyde to cause confusion and will
not be used in this thesis). There is some debateouwnding the functional
interpretation of the mid-frontal effect, howevketgeneral view seems to be that it
reflects processes supporting familiarity-basedge@ion memory (Bridson et al.,
2006; Curran & Cleary, 2003; but also see Pallerss/& Boehm, 2007; Tsivilis,

Otten & Rugg, 2001; Yovel & Paller, 2004).

............... Hit
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Figure 3.2 The mid-frontal ERP old/new effect atottode FCZ.

Grand-average waveforms recorded at test for ciyreecognised old items (blue) and correctly
rejected new items (black) are plotted as a functd time (Skavhaug, Wilding & Donaldson,
unpublished data). Positive voltage is plotted uplwaand zero indicates stimulus onset. The old
waveform is more positive-going compared to the nmeaveform between approximately 300 and
500 ms. The difference in activity (old minus nes/displayed in a topographical map (the front of
the head is pointing upwards) that illustratesrtti@-frontal distribution of the effect.
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The mid-frontal effect’s association with familigris based partly on findings from
dept-of-processing studies. Rugg et al. (1998) dotimt shallowly and deeply
encoded words elicited equivalent mid-frontal effe(but, as described below, the
left-parietal effect was modulated by the experitaemanipulation). Based on the
assumption that depth of processing does spedyfiafect recollection rather than
familiarity, Rugg et al.’s (1998) findings suggésat the mid-frontal effect is linked

with familiarity.

Additional evidence in support of a familiarity acmt of the mid-frontal effect
stems from the observation that it is sometimeseunefor false alarms (new items
mistaken for being old; Curran, 2000; Curran & @e&2003; Nessler, Mecklinger
& Penney, 2001; Wolk et al., 2006). In a recogmitistudy by Curran (2000),
participants studied a number of words and weer lested with old study items,
new words and lure words which were the same a®ldhevord but reversed in
plurality (for example, if the participants had ditd frogs the lure word would be
frog; a paradigm originally developed by Hintzman & ur, 1994). Curran (2000)
found that the mid-frontal effect was of comparatlagnitude for old responses to
old words and to similar lures, but the index afaléection was larger for old items
only. The assumption that similar lures shouldaatthigh levels of familiarity also
readily explains why they are associated with niecerrect old responses than new
words. Similar results have been found using ltines were semantically related to
the old words (Nessler et al., 2001) and mirroersed pictures (Curran & Cleary,
2003). The last of these experiments is also inapbrin another respect; it

demonstrated that the mid-frontal effect is unaelieby a change of stimulus
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material. Other experiments have replicated thislifig (Curran & Dien, 2003;
Nessler et al., 2001; Wilding, Doyle & Rugg, 19®bit for an exception see Joyce,
Paller, Schwartz & Kutas, 1999) adding evidencethte view that familiarity

represents an amodal global-matching process.

Although the mid-frontal effect has been found tary systematically with
behavioural measures of familiarity, some evidesaggest that it could reflect
processes that often co-vary with familiarity. Feotample, Tsivilis et al. (2001)
suggest that the mid-frontal effect is related tooaelty detection process, whilst
Yovel & Paller (2004) claim that it reflects conteal priming. According to the
latter authors, words (or other forms of stimulittwipre-existing semantic
representations) are not suitable stimuli for itigedions of familiarity because
they have been encountered before (and are therdfomiliar prior to the
experiments). When a word is encountered in theéysphhase of an experiment, this
leads to a processing facilitation when the worthier re-encountered at test. By
this argument, mid-frontal effects are present $omilar lure items (plurality-
reversed words, semantically similar words or nmireversed pictures) because

they share conceptual features with the old items.

To test the conceptual priming hypothesis, YoveP&ller (2004) used unfamiliar
faces as stimuli — faces that the participants daubt have been exposed to
previously. The faces were presented along witlbezupation label, which the
participants were later instructed to report ifytlteuld remember it at test. No mid-

frontal effects were observed. Instead a posteeffect was present, which

69



Chapter 3: Event-Related Potentials and Memory/Metaory

increased in size with the amount of informatioattbould be recovered. Yovel &
Paller (2004) therefore concluded that their payadhad eliminated conceptual
priming and that that familiarity (behaviourally esared as the inability to report
the occupation which the faces had been paired aiitBtudy) and recollection
produce similar effects which only differ in sizdull-results as those obtained by
Yovel & Paller (2004) must, however, be interpreteith caution and it is worth

noting that Curran & Hancock (2007) have claimeat timid-frontal effects can be
found for novel faces, whilst Curran, Tanaka & Weisf (2002) report mid-frontal

effects for computer-generated two-dimensional gohs (“blobs”).

Although the debate concerning the functional $igance of the mid-frontal effect
is far from resolved, there is greater agreemeatiathe interpretation of the later
onsetting left-parietal old/new effect (also reéetrto as the P600 or the Late
Positive Complex, Curran, 1999; Wolk et al., 20@8pectively). This effect, which
has been found to occur between approximately %@D &0 ms post-stimulus,
maximal over left-parietal electrodes (see Figui®,3s believed to constitute the
ERP correlate of recollection (Hayama, Johnson &dWw008; Li, Morcom &
Rugg, 2004; Schloerscheidt & Rugg, 2004; Smith,abd: Rugg, 2004; Vilberg et
al., 2006; Woodruff et al., 2006; for reviews sekaA et al., 1998; Rugg, 1995;

Rugg & Curran, 2007).
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Figure 3.3 The left-parietal ERP old/new effeceleictrode P3.

Grand-average waveforms recorded at test for ciyreecognised old items (blue) and correctly
rejected new items (black) are plotted as a functb time (Skavhaug, Wilding & Donaldson,
unpublished data). The old waveform is more posigeing compared to the new waveform
between approximately 500 and 800 ms. The differénactivity (old minus new) is displayed in a
topographical map that illustrates the left-pafidtatribution of the effect

Convincing evidence for the functional interpredatiof the left-parietal effect is
provided from experiments demonstrating that tliecefis larger for hits compared
to false alarms (Curran, Schacter, Johnson & Spia881) and for items judged to
have beenrememberedrather thanknown to be old (Curran, 2004; Duzel,
Yonelinas, Mangun, Heinze & Tulving, 1997; Ruggh®erscheidt & Mark, 1998;
Vilberg et al., 2006; but see Spencer, Vila Abad D&nchin, 2000). It is,
nonetheless, source memory paradigms in partith&trhave laid the foundation
for the functional interpretation of the left-padkeffect (Smith et al., 2004; Trott,
Friedman, Ritter & Fabiani, 1997; Wilding & Rugg996, 1997a; Wilding et al.,
1995). In source paradigms, items are presentedenof two (or more) contexts at
study and at test participants are required togeise a studied iterand provide
information regarding the context it was presentedsource memory experiments
have demonstrated that the size of the left-parédtact correlates with the amount

of contextual information that has been recoveredardless of whether the source
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attribute is temporal information (Trott et al.,9®, study modality (Wilding et al.,
1995) or speaker’s voice (Wilding & Rugg, 1996, 189 For example, Wilding &
Rugg (1996) presented participants with a numbespoken words, half of which
were spoken in a male voice and half spoken imzafe voice. At test, old words
were presented visually intermixed with an equalmber of new words.
Participants were initially required to make an/o&lv judgment and following
each old judgment they were asked to make a sgodgdhient about the gender of
the voice that spoke the word originally. The Iedtretal effect was considerably
larger when recognition was accompanied with corsecarce judgment compared
to incorrect source judgment, strongly suggesthrg the effect reflects processes

contingent upon recollection-based recognition.

The Wilding & Rugg (1996) study described aboveoaitmade an important
additional observation, reporting a relatively latesetting positive-going effect that
was maximal over right-frontal recording sites. Skifect has since been reported
in many recognition memory experiments (DonaldsoR&gg, 1998; Duzel et al.,
1997; Hayama et al., 2008; Li, Morcom & Rugg, 20B&nganath & Paller, 1999;
Schloerscheidt & Rugg, 2004; Smith et al., 2004tdvkig, 1999; Wilding & Rugg,
1997a, 1997b; Woodruff et al.,, 2006) and has beclmaosvn as the right-frontal
old/new effect (see Figure 3.4). The right-frongdlect has been found to onset
shortly after the left-parietal effect (approximgt800 ms post-stimulus) and often

lasts until the end of the recording epoch.
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Figure 3.4 The right-frontal ERP old/new effecekdctrode F6.

Grand-average waveforms recorded at test for ciyreecognised old items (blue) and correctly
rejected new items (black) are plotted as a functb time (Skavhaug, Wilding & Donaldson,
unpublished data). The old waveform is more posigeing compared to the new waveform
between approximately 1000 and 1600 ms. The diffarén activity (old minus new) is displayed in
a topographical map illustrating the right-frordégtribution of the effect.

In Wilding & Rugg’s (1996) original experiment itas found that the right-frontal
effect was larger for correct compared to incorsmirce judgments, leading the
authors to speculate that the effect was linkedth® retrieval of contextual
information — in much the same manner as the Ifiepal effect. Later evidence,
however, suggested that the right-frontal effeaias specifically dependent on the
retrieval of source information, or even retriewlccess per se (Ranganath &
Paller, 1999; Trott et al., 1997; Wilding & Rug@9rb). For example, in one study,
Trott et al. (1997) found that the effect was dlgHarger following incorrect
compared to correct source judgments, leading ¢octinclusion that the parietal
and frontal old/new effects reflect separate fuori processes (Curran et al., 2001,
Duzel et al.,, 1997; Hayama et al., 2008; SenkfoV&n Petten, 1998; Trott,
Friedman, Ritter, Fabiani & Snodgrass, 1999; Widi& Rugg, 1997a). In
particular, the late timing of the right-frontafeft has been taken as evidence that

it reflects processes occurring after retrievalftd=or example, Curran et al. (2001)
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investigated potential differences in ERP old/ndfeas between good and poor
performers and found that only good performers peced a right-frontal effect
(characterised by increased positivity for targatsl lures relative to new items).
They interpreted the effect as reflecting “postiestal evaluation processes that
were more likely to be engaged by Good than Podopeers” (p 201). Why good
and poor performers should differentially engaggast-retrieval monitoring is not
entirely clear, however Van Petten, Luka, Rubin gaR (2002) have theorised that
Good performers, relative to Poor performers, adoptore successful strategy for
post-retrieval monitoring through employing “a lawdareshold for what sort of

stimuli require close scrutiny” (p. 1190).

Although the exact functional interpretation of thght-frontal effect is yet to be
determined there is currently a general agreentettit is related to post-retrieval
monitoring processes. Curran et al. (2001) sugdebt® these processes act on the
retrieval product when the outcome of retrievalempts needs monitoring or
evaluation. More recent evidence, however, sugdkatghe right-frontal effect can
also be elicited when there is no need to monitergroducts of retrieval (Hayama
et al.,, 2008). Hayama et al. (2008) cued partidpam make one of two semantic
judgments on a number of pictures presented aystadthe semantic test phase,
participants first made an old/new judgment antbfeihg each old response, made
a third semantic judgment (e.g. does the pictumotiea living object?). In the
source test phase on the other hand, participanstsniade an old/new judgment
and, following each old response, indicated whiemantic judgment had been

initially made for the item (source judgment). Réle right-frontal effects were
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observed regardless of which task participantsoperdd at test, indicating that the

effect is not exclusively present for monitoringegfisodic content.

To exclude the possibility that the right-frontdfeet was elicited by the initial

successful retrieval (preceding the secondary jleddgjrHayama et al. (2008) also
employed a recognition task that varied with respedhe class of test item that
were to receive additional semantic judgments.ne @sk old items were followed
by a semantic judgment and in the other task nemstwere followed by a
semantic judgment. If the right-frontal effect islectively elicited when episodic
memory judgments are made, it should be presenhvpaeticipants perform the
former but not the latter task. Instead, Hayamale{2008) found reliable right-

frontal effect for test items which required thensatic judgment and concluded
that the effect reflects more generic monitoringsgibly related to decision-making

processes.

3.1.3. Anatomy of Episodic Memory

Episodic memory retrieval has been extensively stigated through the use of
alternative imaging methods. Mapping ERP results dindings from experiments
using different methodologies is challenging, hogrevdue to their different
qualities and limitations (notably, the variablevds of temporal and spatial
resolution that each method provides). Additionatlys problematic to draw causal
inferences from what is, ultimately, merely cortiglaal data. Researchers have,
however, formed theories about the anatomical &tras that might give rise to the

ERP old/new effects described in this chapter, dgr¢pased on the functional
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parallels observed between these effects and amadViRI effects (see Rugg et

al., 2002).

Comparisons between fMRI and ERP findings have reahy researchers to
conclude that the medial temporal lobe serves aiarwle in memory retrieval. In
particular, it is widely believed that recollectiand familiarity depend on activity
in separate components of the medial temporal |olvesst recollection seems to
depend on activity in the hippocampus and paralugppal cortex, familiarity
seems to be supported by separate temporal lomnsegossibly perirhinal cortex
(see Eichenbaum, Yonelinas & Ranganath, 2007; Yl 2002; Yonelinas &
Rugg, 2003). This observation is clearly consisteith the ERP findings, which
also suggest that recollection and familiarity digsociable processes produced by
separate neural generators. By contrast, the fightal effect is believed to be
produced by neural generators localised in thet pgefrontal cortex, possibly right
dorsolateral prefrontal cortex (Achim & Lepage, 20BHayama & Rugg, 2009;

Rugg, Henson & Robb, 2003).

3.2. TheNeural Correlates of Metamemory

Despite the breadth of ERP studies investigatinghorg encoding and retrieval,
the number of ERP studies investigating metamensocyrrently limited, with only
a single study having directly investigated judgtsesf learning. Even the inclusion
of fMRI data adds only one additional study. A®auit, most of the knowledge and
theories about the neural basis of metamemory stéms the study of

neuropsychological patients rather than brain img@ixperiments (see Chapter 1).
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To date, the only published study that has usedsERPinvestigate JOLs was
carried out by Sommer, Heinz, Leuthold, Matt & Selwberger (1995). Sommer et
al. (1995) employed faces as stimuli, and asketicjgzants to make a JOL to each
face using a four point scale. A second group ofigpants was instructed to make
distinctiveness ratings to the same set of facefheauthors had hypothesised that
distinctiveness could be one possible basis upoichwvparticipants made JOLs.
Both groups had their memory for the faces assessed standard recognition
memory test. Sommer et al. (1995) contrasted thdysphase ERP activity that
differentiated (i) items remembered or forgottentest, (ii) items rated likely or
unlikely to be remembered later (high versus lovuJ@nd finally (iii) items rated
high or low in distinctiveness. First of all, itaw found that ERPs were more
positive for subsequently recognised faces relatvemissed faces at frontal
recording sites, whereas the opposite was trupdsterior recording sites. The SM
effects were evident from approximately 200 ms {stistulus, lasted throughout
the recording epoch (1000 ms post-stimulus) andewelatively similar for both

groups of participants.

From 300 to 500 ms post-stimulus, all three cotgrasvealed similar ERP effects
with no differences in scalp topographies. The ot distinctiveness effects are,
however, notably smaller in amplitude comparedht® $M effect. From 500 ms
post-stimulus, the topographies of JOL and distiectess effects differ from SM
effect, but Sommer et al. (1995) made the decisioh to elaborate on these
differences due to potential eye movement artefdating the last 500 ms of the

recording epoch (this decision was made despiteatitbors claiming that the
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observed effects were unlikely to have been derfv@u such artefacts). Given the
restricted time window examined, Sommer et al.898) results can, at best, be
considered weak evidence in support of their caictu that “recognition
predictions, facial distinctiveness, and later geution are all linked to ERP
differences that start relatively late and are stidguishable in scalp topography,
consistent with the possibility of a common bagishe level of underlying brain

processes” (p. 10).

Sommer et al.’s (1995) results give some indicati@t there could be a degree of
overlap between SM and JOL effects during an earig window, however null
results should always be interpreted with cautibtore convincing evidence
regarding the neural basis of JOLs is provided layp,KDavis & Gabrieli (2005)
who reported fMRI results suggesting JOLs are based combination of shared
and independent neural circuitry. Participants weresented with a number of
images (depicting indoor and outdoor scenes) akddato make a JOL to each
image using a two point scalevil rememberor will forget). In keeping with
previous memory findings (e.g. Qin, Piekema, Pst@rsHan, Lou & Fernandez,
2007; Wagner et al., 1998; for reviews see Diamanpelinas & Ranganath, 2007;
Fernandez & Tendolkar, 2006), study items that waresequently remembered
rather than forgotten were associated with incréasdivity in the medial temporal
lobes (MTL). More importantly, whilst some braingirens (including left lateral
prefrontal cortex; PFC) were equally active forcassful encoding and JOLSs, other
regions (including left ventro-medial and dorso-maégrefrontal cortex; VMPFC

and DMPFC) were more active for JOLs than for sssité memory encoding.
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Although closer examination of Kao et al.’s (200B}sults suggest that the JOL
effect is relatively widespread (and is not focusedny specific way to the frontal
regions highlighted by the authors), part of thiirdings are consistent with
Sommer et al. (1995), suggesting that JOLs and mearaoding rely upon at least
partially overlapping neural systems. The fMRI fesao, however, also indicate
the involvement of separate anatomical structuotis in the making of JOLs and in
the formation of new memories, which could explaimy one phenomenon can be
spared in cases where another is damaged. For é&xangtudies of
neuropsychological patients with damage to thet&ldiobes have revealed specific
impairments of metamemory relative to memory (seend & Kaszniak, 2005). A
significant problem with patient studies, howevsrthat the damage to the brain is
usually diffuse, and as a result the impairmentsodten non-specific. Nevertheless,
the possible involvement of PFC in metamemory aggpeseasonable as
metamemory processes are thought to be closelyedel® executive functions
(Fernandez-Duque, Baird & Posner, 2000), whichilzeenselves widely believed to
rely, at least partly, on the frontal cortex (sedvafez & Emory, 2006).
Conceptualising the link between metamemory andc@®e functioning is,
however, inherently problematic; the lack of exdetinitions of both metamemory
and executive functioning, along with the comphgxand multidimensionality of
both phenomena, makes even a systematic investigatxtraordinarily
complicated. For example, Souchay et al. (2004edesl a correlation between
FOK (see Chapter 1) judgments and executive messhé not between JOL and
executive measures. In other words, if a corratatie present between one

metamemory component and executive measures,gbis mot be the case for other
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components. In addition, any correlations are dgligkly to depend on the kind of
procedures that are used to measure executiveidaimgd. To be clear, the key
point here is that evidence linking metamemory he PFC (or other neural
structures) should come directly from appropridtelies of metamemory, not from
inferred evidence linking metamemory to other arabigs concepts. For that reason
the focus of this thesis will remain strictly ondgments of learning without

attempting to link it to other related metamemaoryon-metamemory phenomena.

The patient observations in combination with Kacaks (2005) fMRI findings
have contributed to important knowledge about that@mical structures believed
to support JOLs. The temporal characteristics of.sJ@in relation to actual
memory) have, however, gone largely unexploredhdlgh Kao et al. (2005)
report that JOLs are associated with processinggions that are separable from
the regions involved in successful memory encodirigconclusions regarding the
timing of the JOL-specific activity can be madedzasn fMRI data alone. Whether
this activity precedes, follows or overlaps withcsessful memory encoding has

clear implications for the interpretation of theala

3.3. Summary

The formation of new episodic memories is assodiatéth a pattern of ERP
activity referred to as SM effects. SM effects armually characterised by an
increase in positivity by subsequently remembeteths relative to subsequently
forgotten items. It has proven difficult to idegtibr characterise a typical SM effect

because their timings and distributions seems hedependent on the nature of the
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encoding task and intentions to encode, as wetirastimulus modality and test
instructions. Nonetheless, ERP encoding effects lmaadly be divided into two
subtypes; frontal effects believed to reflect etalive encoding strategies and

centro-parietal effects which have been linked watle learning strategies.

The ERP effects associated with retrieval of eptsatemories are relatively well-
established in the literature and seem to be kssted by the factors that influence
the SM effect. Retrieval effects distinguishes\aistithat is associated with correct
identification of previously studied items and emtty rejected new items, referred
to as old/new effects. Old/new effects are gengerdiaracterised by an increase in
positivity for correctly classified old items rela to new items and have been
observed in a variety of retrieval tasks. A vasbant of research has indicated that
old/new effects can be split into at least thremponents, each with a distinct time-
course and scalp topography. An early effect, atogibetween approximately 300
and 500 ms post-stimulus over mid-frontal recordsigs, is widely believed to
reflect familiarity based recognition processes.sécond effect, most evident
between 500 and 800 ms over left-parietal recordimgs, has been linked with
recollection. And a third long-lasting effect, otisgy shortly after the left-parietal
effect, with a maximal over right-frontal electrosites, seems to be associated with

post-retrieval monitoring processes.

To date, however, few experiments have attemptednvestigate the neural

correlates of metamemory and little is thereforerently known about the

processes that support judgments of learning. irhiéeld neuroimaging evidence
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that exists has been taken to suggest that judgmainiearning and memory
formation are reliant on both partially overlappiagd partially non-overlapping
processes. Moreover, one fMRI study, in combinatiath patient studies, has
indicated that metamemory is (at least partiallgliant on prefrontal brain

structures.

Having reviewed the literature on the electrophipgip of memory and
metamemory, the following chapter describes theeggnmethods employed in
subsequent experimental chapters, before thedimgtirical study is introduced in

Chapter 5.
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Chapter 4.

General Methods

The preceding chapters have covered the theordimekground that forms the
rationale for the research reported in the remainéléhis thesis. First, however, the
present chapter provides an outline of the basithoas used in the experiments,

covering experimental procedures, ERP acquisittmhdata analyses.

4.1. Experimental Procedures

4.1.1. Participants

All participants were members of the University $firling student population,
mainly recruited through the university’s onlinepeximent management system.
The remainder responded to poster adverts. Allighpaints were right-handed
native English speakers between the ages of 1Bandith no known neurological
disorders. Informed consent was always obtainedr pio the experiment and
participants were reimbursed at a rate of £5 per fasychology students had the

option of receiving 2 course credits instead of atary payment for the first hour).
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4.1.2. Stimulus Materials

Stimuli from Experiments 1-3 consisted of 432 wpadrs (examples are presented
in Table 4.1) made up from common English verbsinas and adjectives. The two
words in each pair had a mean forward associatiength of 0.42 and a mean
backward associative strength of 0.02 (accordinthéonorms of Nelson, McEvoy
& Schreiber, 1998). Two hundred and eighty wordsenandomly selected to be
shown at study and the remaining 140 were showmeasitems, intermixed with
the old items at test. Only the first word in egehr was presented at test. Twelve
word pairs were used for practice. All words weresented on a computer monitor
in 18 point Courier New font, using upper case whigtters against a blue
background. From a viewing distance of approxinyategle meter the word pairs
presented at study and the single words presentiedtasubtended a vertical visual
angle of 1.4° and 0.3° respectively. The maximumZomtal visual angle for both

word pairs and single words was 4.9°.

Table 4.1 Typical word pairs included in Experimet3.

WORD1 WORD2  Forward Association fsas‘gé‘i’;?irgn
ACRE LAND 0.68 0.02
PRINCIPAL  SCHOOL 0.31 0.00
LUMBER WOOD 0.59 0.00
MOP FLOOR 0.24 0.04

Experiment 4 consisted of two blocks; one usinglsiitem picture stimuli and one
using single item word stimuli. The pictures wersetection of the “indoor scenes”

used by Kao et al. (2005; and previously by Breweial., 1998) and were all
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presented in colour. No persons or animals weréctipin the pictures (examples
are shown in Figure 4.1). A total of 312 picturegrev employed; 200 were
randomly selected to be shown at study and theineémgal00 pictures were shown
as new items, intermixed with the old items at (gdtowing the same procedure as
for Experiments 1-3). Also as in Experiments 1i\8elve pictures were used for
practice. All pictures were presented against akblbackground, and from a
viewing distance of approximately one meter theytended a vertical visual angle

of 6.5° and a maximum horizontal visual angle oP20

Figure 4.1 Typical pictures included in Experimént

The words used in Experiment 4 were selected froen NIRC Psycholinguistic

Database (Coltheart, 1981) and were made up frammamn English verbs, nounds
and adjectives Mean concreteness ratifRavio, Yuille & Madigan, 1968) was
499.5 (x 99.0) and mean written frequency ratingg M&.5 (= 5.7) per million

(Kucera & Francis, 1967; examples are shown in @4db2). The number of words
was matched to the number of picture stimuli désctiabove. All words were
presented on a computer monitor in 18 point Couxiew font, using upper case

white letters against a black background. Fromeavirig distance of approximately

® Concreteness values are integers measured iarlge 100 to 700.
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one meter words subtended a vertical visual anigle33 and a maximal horizontal

visual angle 2.3°.

Table 4.2 Typical single item words from Experimént

WORD Concreteness Frequency
JUICE 599 11
CLUE 380 15
THEFT 361 10
GOWN 586 16

4.1.3. Experimental Paradigms

Participants were seated in front of & 15CD monitor connected to a desktop
computer located in an adjacent room, running tkgeemental program on E-

PRIME software (Psychology Software Toolsww.pstnet.com A five-button

response box was placed on the desk in front op#émtcipant. Between the rooms,
a two-way microphone and speaker system was sa$ apmean of communication

between the participant and the experimenter.

All experiments consisted of one study sessionjnduwhich JOLs were made
(except for Experiment 3, in which participantsgsed a button to continue rather
than make a JOL), followed by one memory test ses®epeated study-test cycles
were avoided because some previous studies haiaftied that participants’ JOL
accuracies changes as a function of repeateddeiim example, Koriat, Sheffer &

Ma’'ayan (2002) found that when participants studibd same material across
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several study-test cycles, they showed a tenderwybécome markedly
underconfident in the second cycle (a phenomenanvkras the underconfidence-
with-practise effect). By contrast, Kelemen, Wirgtilam & Weaver (2007) found
that when participants studied different materiatoas several study-test cycles
metamemory accuracy improved. It is still uncledwawfactors are determining the
shifts in accuracy and a single study-test cycle weerefore employed to avoid

possible confounds associated with JOLs made duoningple study-test blocks.

The study phase of Experiments 1 and 2 comprisé€dt8ls, each involving a
word pair selected randomly from the initial 420rgaThe first word of each of the
280 pairs was re-presented at test, along withried® words. Word presentation
order was determined randomly for each particip&reaks were at 70 trial
intervals, and initial practice sessions familiadzparticipants with the procedures.
Each study trial began with a white fixation crpsssented in the centre of a blue
screen for 1000 ms. A word pair was then preseteel word above and one below
the central fixation point. After 3000 ms a blueesn appeared, replaced after 500
ms by the prompt “PROBABILITY TO RECALL". This wathe instruction for
participants to indicate via button press how lkéhey would be to recall the
second word successfully if presented with thet fivserd on a subsequent test.
Participants were asked to respond on a 5-pointe:sda (definitely forget), 2
(probably forget), 3 (unsure), 4 (probably remembgr(definitely remember). The
need to make use of the full scale throughout ¥peement was emphasized. In all
experiments except from Experiments 1 and 3, the afsthe rating scale was

counterbalanced across participants: half the gpatts made ‘1’2" and ‘3’
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responses with their left hands (and ‘4’ and ‘Spenses with their right hands) and
the other half made ‘1’, ‘2’ and ‘3’ responses wiitteir right hands (and ‘4’ and ‘5’
responses with their left hands). In Experimendlllparticipants made ‘1’, ‘2’ and

‘3’ responses with their left hands (and ‘4’ andré&sponses with their right hands).

Participants were asked to try to remember the woads, but no specific
memorization instructions were given. After each. s made, a blue screen was
presented for 1000 ms before the next trial staffegheriment 3 had an identical
study phase except that instead of making a JOticgmnts were told to press a
key to continue to the next trial (“PRESS 2 TO CONUE”"). Half the participants
were instructed to press key ‘2’ with their leftnds and the other half was
instructed to press key ‘4’ with their right hand$o specific instructions were

provided regarding use of encoding strategies.

The test phases were identical for Experiments E&ch trial began with
presentation of a white fixation cross in the cemf a blue screen for 1000 ms. A
single word was then presented centrally and resdaon the screen for 1500 ms
followed by a blue screen for 2500 ms. Participavese instructed to press buttons
1 or 5 depending on whether the word vedd (presented at study) orew (not
presented) as soon as they had made a decisiore@pense could be made during
either the presentation of the word or the blankest). If anewresponse was made
(or no response occurred within the 4 s respomse Window) the trial terminated.
In Experiment 1, arold response was followed by the visual prompt “CAN

RECALL?” and participants were asked to press Imsttb or 5 to indicate whether
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they could or could not remember the word’s partitestudy. The prompt remained
visible until a response was made. If the particip@spondeadho the current trial
was terminated. Followingyesresponse the prompt “RECALL WORD” appeared,
and participants were instructed to verbally corgptae word pair. After recording
the response, the experimenter initiated the nm&dt tn Experiments 2 and 3, the
test trial was terminated after the initial old/ndigcrimination. There were a total

of 420 test trials, displaying 280 old words intered with 140 new words.

As mentioned earlier, Experiment 4 was divided itwm blocks (the order of
completion was counterbalanced across participhatsthe participants completed
the word block first and the other half completkd picture block first), however
the study and test procedures were exactly the sameach of these block (only
the stimuli differed). For that reason, only thegedure of the picture block will be
outlined here. The study phase comprised 200 treedsh involving a picture
selected randomly from the initial 300 picturesl 200 pictures were re-presented
at test, along with 100 new pictures. Picture preg®n order was determined
randomly for each participant. Breaks were at 1{20 intervals, and initial practice
sessions familiarized participants with the proceduEach study trial began with a
white fixation cross presented in the centre ofaglbscreen for 1000 ms. A picture
was then presented and after 2000 ms a blue sam®ared, replaced after 500 ms
by the prompt “PROBABILITY TO REMEMBER?”. This was¢ instruction for
participants to indicate via button press how likifley would be to remember the

picture successfully on a subsequent test. The soad the instructions regarding
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the making of the JOL were identical to Experimehtsnd 2. After each JOL was

made a blue screen was presented for 1000 ms hibforext trial started.

Each test trial began with presentation of a wfikation cross in the centre of a
black screen for 1000 ms. A picture was then piteskegentrally on the black
screen. The picture remained on the screen for 200(and was followed by a
black screen for 2000 ms (again providing a 4 garse window). Participants
were instructed to press buttons 1 or 5 dependmgvioether the picture wasdd
(presented at study) arew (not presented). There were a total of 300 téslstr

displaying 200 old pictures intermixed with 100 ngistures.

4.2. ERP Data Acquisition

Scalp voltages were recorded using 62 silver/sitldoride electrodes fitted in an

elastic cap (QuickCap, Neuromedical Suppli@sw.neuroscan.cojrin accordance

with an extended version of Jaspers (1958) intemalk 10/20 system (FP1, FPZ,
FP2, AF3, AF4, F7, F5, F3, F1, FZ, F2, F4, F6, F87, FC5, FC3, FC1, FCZ,

FC2, FC4, FC6, FT8, T7, C5, C3, C1, CZ, C2, C4, T8, TP7, CP5, CP3, CP1,
CPZ, CP2, CP4, CP6, TP8, P7, P5, P3, P1, PZ, B2R®4P8, PO7, PO5, POS3,
POZ, PO4, PO6, PO8, CB1, O1, 0Oz, 02, CB2). Eleesodere also placed on the
mastoids (M1 and M2), to provide an offline referenEOG electrodes were placed
above and below the left eye (Vertical EOG), andla outer canthi of each eye
(Horizontal EOG), to monitor eye movement and Wimkspectively. No specific

instructions were given to participants regardigg blinks, but they were asked to

try to minimize horizontal eye movements by focogsiheir vision on the fixation
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cross that appeared prior to each experimental Béore initiating the experiment,
participants were given some time to look at théinenEEG recording on a
monitor. This allowed them to directly observe #refacts produced by eye blinks
and eye movements. Electrodes were referenced toadditional electrode

positioned between CZ and CPZ during recordingn treereferenced off-line to
create an averaged mastoid reference. Electrodedamzes were kept below@k

Recordings were made using a Synampsiplifier and Neuroscan 4.3 Acquire

software (Neuromedical Suppliegiww.neuroscan.cojn Signals were amplified

with a gain of 2010, bandpass filtered at 0.1 —H) and digitized at 250 Hz

(4ms/point).

EEG data were processed offline using Neuroscardit3software (Neuromedical

Supplies; www.neuroscan.coin Based on visual inspection of the recording,

segments were rejected if they were saturated wicpkarly noisy. The effects of
eye blinks on the EEG were reduced using a regnesgiocedure (Semlitsch,
Anderer, Schuster & Presslich, 1986). Data werenseed into 2104 ms epochs,
starting 104 ms prior to stimulus onset. Epochsewexcluded if drift exceeded
+50uV (measured by the difference between the first Esd data points in the
epoch) or if the signal change exceeded #l00Data were smoothed over a 5-
point kernel and baseline corrected with respecthto pre-stimulus presentation
period (-104 to 0 ms). Epochs were sorted accorthnfpeir behavioural response
categories and individual participant waveformsevaveraged together to produce

grand-average waveforms. To ensure a good sigradise ratio, a criterion of at
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least 16 trials per condition was set for eachig@gpent to be included in the grand

average.

4.3. Data Analyses

4.3.1. Behavioural Data

Behavioural measures at study included the resptmse (RT) for making JOLs
and response distribution across the 5-point JOa&lescAt test, behavioural
measures included overall recognition accuracypgeition accuracy across JOL
and RT for making old/new discriminations (in Exipeznt 1, overall cued recall
accuracy and cued recall accuracy across JOL vieveegamined). These measures
were taken primarily to confirm that participantehbve consistently across
experiments and in a way that is comparable todsta@hobservations in the JOL
literature. Analyses were carried out using remkateasures ANOVA with a
significance criterion of 0.05. Post-hoc comparsaevere carried out using t-tests
with Bonferroni-corrections. Metamemory accuracyswassessed by calculating
both the mean Gamma correlation coefficient ay(dek Chapter 1). Specific details

of the analyses will be outlined in the relevartadzhapters.

4.3.2. ERP Data

The purpose of the ERP investigations reportedhis thesis was to examine JOL
related neural activity at both study and at tédt.study, the rationale was to
compare SM effects to any possible effects assatiatith JOLs. Contrasts were

therefore made between i) items that were and wetesubsequently remembered
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(recalled in Experiment 1 and recognised in Experita 2-4), and ii) items that
were assigned low and high JGL§he explorative nature of the ERP research
implied that no pre-experimental hypotheses weremtitated regarding time
windows that were submitted for analyses. Time wwsl were thus identified
primarily on basis of visual inspection of the gitaaverage waveforms (and varied

across the four experiments).

At test, comparisons were made between old itemsectty identified as old
(through cued recall or recognition) and correctyected new items. Correctly
identified old items were further subdivided intems that were assigned low and
high JOLs at study. This division allowed the inigation of possible modulations
of the well-characterised retrieval effects causgdOLs. Choice of time windows
submitted to analyses was primarily based on pusviderature (Rugg & Curran,
2007) and corresponded well to the visual inspestiof the grand average
waveforms (the only exception being the picturesiear of Experiment 4). Time
windows were as follows: 300-500 ms (mid-frontahfkarity effect), 500-800 ms
(left-parietal recollection effect) and 800-1400 r{right-frontal post-retrieval

monitoring effect).

ERPs from study and test were first quantified bjcalating, for each response
condition, the mean activity during each latencyiqget The data were then
submitted to repeated measures ANOVA. Typicallyiatons are reported in the

relevant data chapters) the initial analyses iredufive factors of location (frontal,

® An alternative approach to comparing SM effect$ &L would be to divide remembered and not
remembered items into high and low JOLs, howevir strategy caused a significant loss of data
due to low trial numbers.
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fronto-central, central, centro-parietal and pafjettwo factors of hemisphere (left
and right) and three factors of site (superior, ialegnd inferior, see Figure 4.2) in
addition to a condition (response category) fact@mly main effects and
interactions involving the factor of condition areported. When interactions
involving location were evident, the initial anadgswere followed up by subsidiary
analyses, examining each separate location (with faetors of hemisphere and
three factors of site). The electrodes submittedaftalyses were selected because
they cover a large area of the scalp and, in mas¢#s; seemed to capture the effects
of interest (alternative electrodes were identifigden effects exhibited foci on
scalp locations that were not covered by the oaigset of electrodes). Using factors
of location, hemisphere and site allows ERPs tedrapared in terms of potential
hemispheric and anterior-posterior differences atgb give indications of the

effects’ proximity to the midline.

Figure 4.2 Schematic illustration of the electrooheduded in initial ERP analyses.

The front of the head is pointing upwards and $ife is shown at left. Each circle represents an
electrode and electrodes included in the analysesrarked with green. Electrodes from frontal,
fronto-central, central, centro-parietal and patieiectrode rows provided five levels of a locatio
factor, electrodes on left and right hemisphereviged two levels of a hemisphere factor and
electrodes in each quadrant provided three levieds site factor (superior electrode sites closest t
the midline, medial electrode sites and inferi@calode sites).
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The ANOVA model's underlying assumption of sphdyic{the requirement of
homogeneity of co-variance for all factors) is ususiolated in the case of ERP
analyses. The consequence of this violation isnareased probability of a type 1
error and for that reason Greenhouse-Geisser tmmec(Greenhouse & Geisser,
1959) are reported when necessary, to ensure a mmmeervative test of
significance. As for the behavioural data, the $igance criterion for all ERP

analyses was set at 0.05.

To investigate potential qualitative differencestween conditions or latency
periods, topographic analyses were performed orderdiice waves (mean
amplitudes of condition two subtracted from mearplitodes of condition one)
when robust ERP amplitude differences had beenbledtad. Prior to any
topographic analyses, the data from all 62 actleeteodes were normalised using
the max/min method (McCarthy & Wood, 1985) desatibe chapter two. The
analyses employed the same design as the ANOVA tesexvaluate amplitude
differences and only interactions involving factofsondition or latency period are

reported.

4.4, Summary

The present chapter has provided an outline ofstimeuli materials, experimental
paradigms, EEG acquisition procedures and analyssswere employed in the
research reported in the remaining chapters of thissis. Although most
experiments conform to the general methods, oceakiexceptions exist and are

highlighted in the relevant chapters.
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Chapter 5.

Judgments of Learning and Cued Recall

Published as: Skavhaug, I., Wilding, E.L. & DonaidsD.l. (2009). Judgments of
learning do not reduce to memory encoding operati@vent-related potential

evidence for distinct metacognitive proces&rain Research, 13187-95.

5.1. Introduction

A very important aspect of learning is the abilibypredict one’s future memory.
For example, if a student reading for an exam msware of what material he has
(and has not) successfully learnt, he risks wastalgable study time revising the
wrong material. If he efficiently and accuratelyegicts his memory, on the other
hand, he knows when material is sufficiently stddad can concentrate on that
which is yet to be learnt. Memory predictions o #ind described here are referred

to as Judgments of Learning (JOL; described in tenapand 2).

One of the most obvious situations that requiressJare study situations such as
the one described above, however memory predicaomsiecessarily performed in

a variety of different (possibly less apparent)l-tda scenarios. For example,
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imagine you are preparing to do grocery shoppirdote you leave the house you
need to consider how likely you are to remembedouyp all the items you need. If
your prediction is positive (i.e. likely), you mawell decide not to write a shopping
list. If your prediction turns out to be inaccurgt@u will forget to buy some items
and have to return to the shop later. Similarlyewlarriving at the shop, especially
on a busy day, you might consider how likely yoe & remember where you
parked your car. If your prediction in this casenegative (i.e. unlikely), you can
use this information to engage control strategreshis case you may decide to look
for a landmark, such as a tree, that could sengeratrieval cue when you return to

collect the car later.

Because JOLs can help identify when control stiagegre necessary, it is not a
surprise that more accurate JOLs have been asswowith increased learning
(Thiede, 1999). For that reason, it is importantei@mch those who are less accurate
at predicting their memory how to discriminate whiay do know from what they
do not know. What makes this mission slightly coicgied, however, is that
researchers know relatively little about how JOks made in the first place. As
covered in Chapter 1, there is an ongoing debatewuding the degree to which
JOLs are based on actual memory operations (Arbu&Kluddy, 1969; King et al.,
1980; Koriat, 1997). In short, direct/trace acdbsdries (Arbuckle & Cuddy, 1969,
King et al., 1980) postulate that JOLs are produmgdeading the strength of the
recently formed memory traces. Weakly encoded nadtevill consequently be
assigned a low JOL, whereas material leaving stroeghory traces will receive

high JOL ratings. The main problem with pure diractess theories are that they
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cannot adequately explain why JOL accuracy is siomest very low (Koriat &
Bjork, 2005). According to the alternative inferahtviews (such as the cue-
utilization view proposed by Koriat, 1997), indivials do not have privileged
access to memory traces and therefore need toorelavailable cues that the
learners believe are reliable predictors of futnemory performance (see Schwartz

et al., 1997).

The arguments brought forward in the direct/traceeas versus inferential debate
stem primarily from evidence collected from behava experiments. Behavioural
investigations can only provide indirect measurethe relationship between JOLs
and memory, however, and for that reason it isr&ing how few studies have
employed brain imaging techniques to investigate tbsue. If JOLs are based
primarily on actual memory operations, it is readua to expect that JOLs and
memory encoding will produce overlapping ERP cated. On the other hand, if
JOLs are based on factors other than encodingg thex possibility that JOLs will

produce separate ERP correlates not present mein@ory encoding contrast.

As outlined in Chapter 3, the only two JOL brairagmg studies reported to date
have reached completely different conclusions.tFBemmer et al. (1995) found
that successful memory encoding and JOLs producgpamble ERP correlates,
suggesting that both phenomena are relying on ainhifain systems (consistent
with a direct/trace access hypothesis). Secondoimrast, Kao et al. (2005) found
that successful encoding and JOLs gave rise tovigctin both separate and

overlapping areas of the brain, suggesting thetemig of dissociation as well as
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associations between successful encoding and Jiss.possible interpretation of
the fMRI data is that JOLs are partly based on mgrmaperations but that
independent bases also exist. This interpretatigpliés that direct/trace access and
inferential views are not mutually exclusive. Théuggish nature of the
haemodynamic response that is monitored using fM&ans, however, that it is not
possible to make reliable claims about the timersem of processes that
differentiate between successful encoding operatiand JOLs. As a result,

conclusions regarding the interaction between thesgponents are hard to reach.

Kao et al.’s (2005) results pose one important ipieswhy did Sommer et al.
(1995) fail to find separate JOL effects in theRFEstudy? Superficially at least, the
findings from the two experiments are hard to reten However, they are also
problematic to compare; not only did the two exmemts employ different imaging
techniques (with different advantages and limita)o but they also used different
kinds of stimulus materials (faces versus scened)ating scales (4 versus 2 point
scale). There is, therefore, a clear need for @&urtiesearch, both to provide more
opportunities for comparisons across experimeni$ tan measure the possible

impact of differences in paradigms.

The aim of the first of the series of JOL experitsereported in this thesis was to
further investigate the relationship between swusfaésnemory encoding and JOLs
using ERPs. The experiment was designed to reserablelosely as possible,
typical behavioural paradigms used in JOL reseéect). Koriat & Bjork, 2005);

thus word pairs were chosen as stimulus materiadsnraemory was assessed in a
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later recognition memory testollowed by cued recall. ERPs were acquired during
the study phase and separated according to wheihene second word of each
study pair was or was not recalled subsequentlg, (@nthe study pair elicited a
high or low JOL. These contrasts permit assessofethie temporal and functional
correspondences between the neural signaturescéssful memory encoding and
JOLs. The ERP data collected at retrieval in tixigeeiment will be reported in a

separate chapter (Chapter 9).

5.2. Method

Participants were 24 students at the Universitptoiing. Three participants were
excluded due to equipment failure or excessive BEEfacts, and one due to poor
performance. The remaining 20 participants (12 fejnhad a mean age of 22

(range: 17-30).

Stimulus materials and experimental procedure camfo that outlined in Chapter
4 and the behavioural paradigm is schematicallysttated in Figure 5.1. Grand
average ERP waveforms were formed for the followhnegponse categories:
Recalled (items subsequently recognised as oldanahich the study partner was
recalled), Missed (items judged incorrectly as emew), High JOL (study pairs
assigned a JOL of 4 or 5) and Low JOL (JOL of RprStudy items attracting an

‘unsure’ JOL (3 response) were discarded allowirggttigh and low JOL categories

" Typical behavioural JOL paradigms do not inclube initial recognition test employed here. To
allow examination of ERP memory retrieval effedtsest, however, it was necessary to include new
items to form a base line of correctly rejected rit@ms.

100



Chapter 5: Judgments of Learning and Cued Recall

to be clearly separated. Mean numbers of trialsewlé?3, 49, 87 and 73 for the

Recalled, Missed, High JOL and Low JOL categoréspectively.

Study: + GARDEN PROBABILITY
FLOWER TO RECALL
1000 ms 3000 ms 500 ms until response 1000 ms
TIME
new no
Test: + GARDEN Can Recall? Recall
1000 ms 1500 ms 2500 ms until response until response 1000 ms
(old/new?) (yes/no?)
TIME

Figure 5.1 The experimental paradigm used in Erpent 1.

At study, participants saw a number of word par€\e presented above a target) and made a JOL
for each pair. The JOL reflected how likely the tigipants believed they were to remember the
target word (flower) when presented with the cuedv(@arden) on a later test. The rating scale
ranged from one (will definitely forget) to five {wdefinitely remember). At test, participants saw
each of the upper words intermixed with a numben®fv word. The first task was to make an
old/new recognition judgment and following each pldgment the participants were asked whether
or not they could recall the target word. Followiagyes response, the participants said the target
word out loud and the experimenter recorded theracy of the response. If participants responded
new on the initial task, or could not recall thegtt word, the trial terminated.

5.3. Behavioural Results

5.3.1. Study

Participants had a preference for assigning intdiate JOLs (Figure 5.2a).
ANOVA on response rates revealed a main effecOdf [F(4,72) = 7.0, p < 0.001],
with an accompanying quadratic trerte(1,18) = 18.6, p < 0.001], confirming the
concentration of responses towards the middle efsttale. The pattern of reaction

time (RT) for making JOLs at study also formed shape of an inverted “U” when
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plotted against each level of JOL (Figure 5.2b)NGVA revealed a significant
main effect of JOLF(4,68) = 19.2, p < 0.001], with both a line&(1,17) = 19.5,

p <0.001] and a quadratiE([L,17) = 31.9, p < 0.001] trend.

100 A 1000 1
80 1 800 A
60 600 A

40 1 400 4

Number of trials
Reaction time (ms)

20 1 200

\ J L J

Figure 5.2 Behaviour at study.
Mean (and S.E.) number of trials assigned each d@é&gory at study (A) and reaction times for
making each level of JOL at study (B).

5.3.2. Test

Overall recognition responses are shown in FiguBa and Figure 5.3b shows the
mean recall accuracy for old items distributed assrite levels of JOLs assigned at
study. It is evident from the graph that recallfpgnance increased with increasing
JOL and a repeated measures ANOVA confirmed that effiect of JOL was
significant [F(4,72) = 26.10, p < 0.001] exhibiting a linear udf(1,18) = 52.78, p

< 0.001]. Performance was also examined using Gaoektuskal Gamma (G;
Nelson, 1984) and,dMasson & Rotello, 2009). The mean G score of SD =
0.16) was significantly above zer§19) = 7.83, p < 0.001]. Mean, @as 0.40 (SD

= 0.27) and was also signficantly above zefbd) = 6.63, p < 0.001]. In contrast to

the reaction times measured at study, the patfereaction times across JOL at test
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showed a linear trend (Figure 5.3c). ANOVA confidrthat a main effect of JOL
[F(4,72) = 8.88, p < 0.001] was accompanied witmadr trendf(1,18) = 13.72, p

<0.01].

100 §
80 1
60 4

40

N -
04

Probabilitiy (%)

@

HITS

MISSES

CR

FA

C.

100 4

\

1600 1

801 1200 -

60 1

40 4

N
o
o

Cued recall accuracy (%)
Reaction time (ms)
[o ]
o
o

20 1

o
o

\. J \\ J

Figure 5.3 Behaviour at test.
Mean (and S.E.) recognition responses for eaclorsspcategory at test (A) cued recall performance
across JOL at test (B) and reaction time measurtsiasplit according to JOL JC

5.4. Event-Reated Potential Results

The initial ERP analyses comprised separate assessmof the study phase ERPs.
First, SM effects study ERPs separated according to memory accushdgst

(Recalled versus Missed; Figure 8.43econdJOL effects ERPs associated with

8 Items that were recognised but not recalled weténtluded in any analyses.
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High or Low JOLs (Figure 5.5). It is not possible ¢ontrast directly these two

effects as they contain overlapping subsets dbtria

Based on visual inspections of the waveforms, twet{stimulus time windows
were identified that captured the activity of imst; 550 to 1000 ms and 1300 to
1900 ms. These time windows correspond to time ourgdselected in Otten &
Rugg (2001a). Both the SM and JOL distributions enav similar widespread
positivity in the early time window, although théMSeffect extends to a greater
degree to anterior locations than the JOL effeciriiyy the later time window,
however, the two effects differ; the JOL contrasteals a strong left hemisphere
negative-going effect which is not present in thd Sontrast. For each contrast,
data were first analysed using ANOVA with factofscondition (Recalled versus
Missed, High versus Low JOL), location (frontalprito-central, central, centro-
parietal, parietal), hemisphere (left, right) atec&ode site (superior, mid, inferior)
followed by five subsidiary analyses on each sdpal@cation when interactions
involving location were evident. The outcomes oé thubsidiary analyses are

summarised in Table 5.1.
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FC5 FC3 FC1 FC2 FC4 FC6

Subsequent Recall +5 pv
Subsequent Miss

1000 ms

Figure 5.4 SM effects.
Grand average ERPs for subsequently missed itelack(lines) and subsequently recalled items (reteddines).



F5 F3 F1 F2 F4 F6

FC2 FC4 FC6

CP5 CP3 CP1 CP2 CP4 CP6

44444444444 High JOL
——  LowJOL

+5 pv +5 pv

L D E— T
0 1000 ms 0 1000 ms

Figure 5.5 JOL effects.
Grand average ERPs for items assigned a low J@cKbines) and items assigned a high JOL (greeteditines).
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5.4.1. SM Effects

Waveforms for subsequently recalled and subsequeriised words are shown in
Figure 5.4 at electrodes included in the analyses.the 550 to 1000 ms time
window the outcome of the initial ANOVA was a maifiect of condition IF(1,19)
= 8.3, p < 0.05] and a significant interaction bedw condition and sité(1.1,21.5)
= 13.6, p < 0.01]. The analysis suggests that Meefect is a widespread positive-

going effect with a focus at posterior electrodess{see Figure 5.6).

............... Subsequent Recall

CPZ )
Subsequent Miss

0 550 1000 ms

Figure 5.6 SM effect at CPZ.

Zero indicates stimulus onset. The topographic iflaptrates the scalp distributions of the SM
effect (subsequent recall minus subsequent miss) thke 550-1000 ms time window. The front of
the head is at the top of the map and the scaleepagsents the size of the effectivi

In the 1300-1900 ms time window the initial ANOVAvealed only a main effect
of condition F(1,19) = 8.3, p < 0.05]. As indicated in Figured @and 5.7, this
effect seems to reflect a (weakened) continuatibrthe effect present in the

preceding epoch.
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--------------- Subsequent Recall
Subsequent Miss

FC4

+5 v

0 1300 1900 ms

Figure 5.7 SM effect at FC4.
The topographic map illustrates the scalp distiing of the SM effect (subsequent recall minus
subsequent miss) over the 1300-1900 ms time window.

5.4.2. JOL Effects

Waveforms for items assigned a low JOL and itensggasd a high JOL at study
are shown in Figure 5.5 at electrodes includedhénanalyses. For the 550 to 1000
ms time window the initial ANOVA revealed a mairfesft of condition F(1,19) =
7.1, p < 0.05] along with interactions between ¢towl and locationff(1.7,32.2) =
11.3, p < 0.001] and between condition and $if@.[1,20.1) = 12.2, p < 0.005]. The
subsidiary ANOVAs revealed interactions betweendition and site from fronto-
central to parietal electrode rows, confirming ttieg early JOL effect, as for the
SM effect, reflects a relative positivity for iterassigned high JOLs than for items
assigned low JOLs — an effect that is largest ategimr electrode sites closest to the

midline (see Figure 5.8).
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............... High JOL
Low JOL

P1

+5 v

]|
N

£ ii 0puv

0 550 1000 ms

Figure 5.8 JOL effect at P1.
The topographic map illustrates the scalp distitmg of the JOL effect (high JOL minus low JOL)
over the 550-1000 ms time window.

For the 1300-1900 ms time window the initial ANOV#evealed significant
interactions between condition and hemisphé@,[L9) = 41.3, p < 0.005] and
between condition, location and hemisphefél[6,30.6) = 4.9, p < 0.005]. The
subsidiary analyses revealed significant main ¢ffe€ condition at centro-parietal
and parietal electrode rows and significant intéoas between condition and
hemisphere from frontal to parietal electrode rods Figures 5.5 and 5.9 illustrate,
ERPs elicited by items assigned high and low JOlfferdprimarily at left

hemisphere sites, where the high JOL ERPs are uilgrkeore negative-going.

............... High JOL
Low JOL

C3

+5 v = W

m
N

. _ow

0 1300 1900 ms

Figure 5.9 JOL effect at P1.
The topographic map illustrates the scalp distitmg of the JOL effect (high JOL minus low JOL)
over the 1300-1900 ms time window.
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Table 5.1 Outcomes of the analysis of JOL ERP tffec
(F = Frontal; FC = Fronto-Central; C = Central; €Rentro-Parietal; P = Parietal).

High JOL/Low JOL

550-1000ms

F FC

CpP

P

Condition
Condition x Hemisphere
Condition x Site

Condition x Hemisphere x Site

F(1.3,24.9)=7.9; p<0.01

F(1.2,22.0)=4.8; p<0.05

F(1,19)=9.4; p<0.01

F(1.1,20.7)=8.5; p<0.01

F(1,19)=17.5; p<0.01

F(1.1,21.5)=11.0; p<0.01

1300-1900ms F FC C CP P
Condition
Condition x Hemisphere F(1,19)=8.6; p<0.01 F(1,19)=5.8; p<0.05 F(1,19)=10.0; p<0.01 F(1,19)=8.0; p<0.05

Condition x Site

Condition x Hemisphere x Site
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5.4.3. Analyses of Scalp Distributions

The scalp distribution analyses were conductedgualOVA with factors of time
window (early, late), location (frontal, fronto-deal, central, centro-parietal,
parietal), hemisphere (left, right) and site (sigrermid, inferior). For the SM
effects, the ANOVA revealed no significant changelistribution over time (alFs

< 1.9). For the JOL effects, ANOVA revealed sigrafnt interactions between time
and location F(1.3,24.1) = 4.7, p < 0.05], time and hemisph&i@ [19) = 8.7, p <
0.01], time and siteF(1.2,22.0) = 12.7, p < 0.005] as well as betwesre tilocation
and site F(3.2,59.3) = 3.5, p < 0.05]. These interactiongentffirst of all that the
early effect shows an increase in positivity ovedlme posterior sites whereas the
later effect shows a widespread increase in ndagativer the left hemisphere. The
reliable interactions that were revealed in the Hbhlyses indicate that the early
and late JOL effects are generated by at leastafjarhon-overlapping sets of

neural generators, and therefore index distinasela of cognitive operations.

5.5. Discussion

The first of the experiments reported in this theisivestigated the relationship
between JOLs and successful memory encoding usetwvioural and ERP
measures. The behavioural results showed a cléatioreship between memory
encoding and JOLs and the ERP results providedingghts into this relationship
not available via the behaviour alone. These insigbllow from two critical

contrasts between ERPs acquired during the expetistady phase; ERPs elicited

by studied items attracting correct or incorrectigments on the subsequent
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memory test and ERPs elicited by items attractiigdp lor low JOLs at study. The
ERP data were analysed for two time windows: e@H0-1000 ms) and late (1300-

1900 ms). Findings for each window are discussedrim

5.5.1. Early Time Window (550-1000 ms)

The SM and JOL contrasts elicited reliable and mdisk similar ERP effects
between 550-1000 ms. These effects took the forrmakases in positivity for
subsequently recalled relative to missed items fanchigh JOL items relative to
low JOL items. In both cases, the effects had adawer posterior recording sites,

however only the JOL effect was reliably largepasterior sites.

If the early ERP effect indexes successful memargoding (Paller et al., 1987),
then the presence of this effect in the JOL cohsaggests that JOLs can be based
upon operations that support successful encodingilst attractive, this
interpretation is unfortunately not without compliions. First of all, because
participants were relatively accurate at assigdi@dys, there is a certain amount of
trials that will overlap in the two contrasts (atmer proportion of high JOL items
were subsequently recalled and similarly a higlmepgrtion of low JOL items were
missed). Second, the existence of overlappingstriedkes it difficult to statistically
compare the two effects. For these reasons itrisally impossible to make any
strong claims about which cognitive processes angnd the early effects. One
possibility is, as mentioned above, that the eaffgct is indicating successful
memory encoding and is only present in the JOL rashtbecause of the

behavioural correlation. Following this argumemtwould be reasonable to expect
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that the JOL effect was noticeably smaller in corgoa to the SM effect. Visual
inspections of the waveforms suggest, however tthgitis not the case. If anything,
the JOL effect appears to be largest in magnitugedering the encoding

interpretation of the early effect less convincing.

The second possible interpretation of the earlytpdsy is that it is primarily driven
by the JOL ratings. The presence of JOL effecthénabsence of encoding effects
is, perhaps, a more controversial explanation, grignbecause the SM effect is an
established phenomenon in the literature, wheitbsdvidence currently exists to
suggest JOLs give rise to any independent corgelatevertheless, this explanation
cannot be refused on those grounds alone and isfthe an option that needs
exploring. If ERPs are recorded under conditiongvitich JOLs are not correlated
with memory performance, this would provide an appaity to investigate the
ERPs without challenges of overlapping trials. W@L interpretation of the early
effect was the correct explanation of the dates ttoes not imply that memory
encoding has not produced any noteworthy activitge SM effect was more
smeared out compared to the JOL effect; althoughatved a posterior maximum,
it was not statistically larger at posterior sitesd noticeable differences between
the waveforms are evident at the front of the scalps indicates (albeit weakly)
that an additional effect may be present for theoding contrast in the early time
window, which is not present for JOL. That thiseeff constitutes a pure ERP

measure of successful encoding is at this pointelver, mere speculation.
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It is also important to acknowledge a third altéivea interpretation of the early
effect; that it is present for both encoding and. e to a complex interaction
between the two. This interpretation does not intpbt one process is driving the
effect, but rather that it occurs when encodintaglitated through the makings of
JOLs. One way of portraying this possibility is tthiae posterior effect constitutes
the neural correlates of JOL-specific encoding.sTlast interpretation provides a
very reasonable explanation given how SM effectgehlaeen shown to change
depending on the nature of the encoding tasks rfC&eRugg, 2001a). To test
whether JOL-specific encoding effects are probableclatively easy and can be

done by replicating the current experiment withdOt instructions (see Chapter 7).

5.5.2. Late Time Window (1300-1900 ms)

Regardless of the correct interpretations of thdyeeffect, the presence of a
separate JOL effect in a later time window suggdéisée JOLs are not based
exclusively on memory operations. From 1300-1900 tine SM and JOL effects
diverged markedly. Whereas the SM effect produdeghtswidespread positivity

(appearing to be a continuation of the early effeitte JOL contrast produced a
long-lasting negative-going effect present overldiehemisphere. Analyses of the
scalp distributions of the effects revealed tha dhe neural activity predicting

JOLs reliably changed over time suggesting thet #ifect is separate from the

early positive effect.

Any functional interpretation of the late negatyeing JOL effect would be

premature on the basis of the current experimeoneal however several
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possibilities are available to explore. It is @dti that the effect occurred after
effects that are shared between successful memuoepdang and JOLs. This

temporal information strongly suggest that the Xpkeific effect reflects

metacognitive assessment processes which operatestteam of the operations
that actually determine memorability. This clainultbnot have been made on the
basis of the previous brain imaging (fMRI) studymé&mory encoding and JOLs
(Kao et al, 2005) because of the low temporal tggni of haemodynamic indices
of neural activity. Sommer et al. (1995), on thieeothand, employed ERPs and did
not reveal a JOL-specific effect. Notably, howewbgy only examined the ERPs
up to 1000 ms post-stimulus, thereby precludingtifieation of late-onsetting JOL

effects (see Figure 5.10).

A High JOL B.
_ Low JOL

+5 v

0 1300 1900 ms 0 1000 ms

Figure 5.10 The time course of the late JOL effect.
A shows the late JOL effect with the full recordirgoch (2000 ms post-stimulus) used in this
experiment. B shows the same effect but with arclehortened to 1000 ms post-stimulus to match
the recording epoch used by Sommer et al. (1995).

The fact that there is no spill-over of the latd_J¥fect to the SM contrast suggests

that participants have an imperfect understandihgsame of the factors that
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influence memorability. In other words, they coakkign importance to factors that

do not in fact contribute substantively to effeetencoding.

5.6. Summary and Conclusion

This experiment investigated the correspondencedsat the neural correlates of
successful memory encoding and of JOLs revealingaaty effect shared by the
two and a later effect only present in the JOL wsit These findings suggest that
there are associations as well as dissociationweleet the neural systems that

mediate successful memory encoding and JOLSs.

The specific results are not completely consistgtii the results of either Sommer
et al. (1995) or Kao et al. (2005). As mentionedvmusly, the null results of
Sommer et al. (1995) is likely a consequence ofdietively short recording epoch
and therefore it is not feasible to directly congp#neir findings to those of the
current experiment. Kao et al.’s (2005) experinmaatle use of an entirely different
imaging technique and comparisons are, due tadaabn alone, quite problematic.
Nevertheless, Kao et al. (2005) found that botlcessful memory encoding and
JOLs were associated with separate effects iniaddib an overlapping effect. The
current experiments identified two ERP effects tbatrespond to these fMRI
effects, but failed to find a separate effect iatlice of memory encoding alone. It is
worth noting, however, that although the SM effeeis remarkably similar to the
early JOL effect, it was more smeared out and lotggting (extending into the
second time window, see Figure 5.7), which coutphi§y that additional activity,

not shared by JOLs, was indeed present but nastgtatly robust. At the strongest,

116



Chapter 5: Judgments of Learning and Cued Recall

the current results suggest a reliable relationslgfwveen memory encoding and
JOLs, however the nature of this relationship it tgebe determined. Critically,

because JOLs also gave rise to a separate anebletetting effect, the current
findings provide evidence that memory operatiores ot the sole basis of JOL

decisions.

Irrespective of the accuracy of the functional acte summarised in this section,
however, the behavioural and ERP findings from #tisdy indicate that (i) the
processes differentiating high and low JOLs do matuce to those that support
successful memory encoding, and (i) the JOL-speciirocesses operate
downstream of those that are shared between engfagierations and judgments

about the subsequent memorability of studied nradteri
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Chapter 6.

Judgments of Learning and Recognition

Memory

6.1. Introduction

The primary purpose of Experiment 1 was to esthblibether the ERP correlates
of Judgments of Learning are the same as, or diften, the ERP correlates of
successful memory encoding. The results showed whialst both JOLs and
encoding elicited an early positive-going effecthwa posterior maximum, JOLs
gave rise to an additional negative-going effectrothe left hemisphere. These
findings strongly suggest that although the cogeiprocesses supporting JOLs and
successful encoding are intimately related duriregdarly stages of processing, the

two dissociate at a later stage.

At a superficial level, the findings summarised &baare consistent with the
observations from a prior fMRI experiment by Kaoaét (2005) and in line with
predictions put forward by inferential theoriesJ@L (Koriat, 1997). Nevertheless,
the electrophysiological findings raise a numbeuwdnswered questions that need
addressing. For example, what is the exact relstipnbetween the early encoding

effect and the early JOL effect? Are they elicitedependently in the two contrasts,
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or is one effect ‘driven’ primarily by one singlerdition? Finally, how does the
early JOL effect differ from the later-onsettinglJ@ffect and are the two effects
equally sensitive to experimental manipulationsPoBeany strong claims can be
brought forward regarding the functional significas of the effects observed in

Experiment 1, the above questions need to be esghlor

The principal aim of Experiment 2 was to furtheamwne the ERP correlates of
JOLs and successful memory encoding by alteringuosons at test; rather than
having to recall the second word of the word p&towing an old/new judgment,
participants were only required to distinguish dkins from new items (using a
standard recognition memory test). Participantsevkept unaware of the details of
the test format, and it was therefore expectedttiet approaches to the study task
would not differ across Experiments 1 and 2. Ratligis change in paradigm
causes a change in the criteria for trials inclushethe SM contrast. The alteration
of test instructions should theoretically have nasequences for JOLs because the
trials included to form this contrast are not bacted based on performance at test
(see Chapter 3). Thus, Experiment 2 was designafféot SM effects exclusively,

whilst keeping JOLs constant.

Naturally, the logic of the experimental manipuatrests upon the assumption that
the SM effect will be successfully altered by chesiin task demands at test. ERP
results by Yovel & Paller (2004) suggest that thésumption is reasonable; they
presented participants with a number of faces gairi¢h names of occupations. At

test, participants were required to make old/nedgioents and following each old
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judgments they were asked to provide one of thmespanses: i) that they
remembered the occupation that was paired withfahe originally ii) that they

remembered any other specifics about the initisdysepisode (for example that the
face showed a resemblance to a friend) or iii) thaty did not remember any
specific context of the study episode. Recollectiaas defined as the ability to
correctly retrieve the occupation or other spedifiiormation. Familiarity, on the

other hand, was defined as the inability to re&iany such details. Yovel & Paller
(2004) found that right-hemispheric activity wasegictive of subsequent face

familiarity, whereas bilateral activity predictegbsequent face recollection.

As outlined in Chapter 3, the majority of eviderfoe and against specific SM
effects for recollection and familiarity comes froexperiments using the R/K
paradigm (Tulving, 1985). R/K experiments have, @eer, reached different
conclusions regarding this issue; some researchave found that the ERP
correlates of subsequer@memberndknowresponses are the same (Smith, 1993),
whereas others have found that ordynembemresponses elicit noticeable effects
(Friedman & Trott, 2000). Yet another experiments h&vealed evidence of
qualitatively different effects associated witmemberlandknowresponses (Duarte
et al., 2004). Notably, the current experiment dugtsuse an R/K test paradigm, but
the change from cued recall to recognition willgrdtally include more test trials
recognised on basis of familiarity, which is theogess believed to support K

judgments in R/K decisions.
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The inconsistencies of findings in the encodingréiture clearly offer no guarantee
that the present paradigm will produce SM effeleta tire observably different from
those observed in Experiment 1. A supplementarydiaitering test instructions in
Experiment 2 was therefore to boost overall memg@egrformance; using
recognition rather than cued recall would almostasely increase the number of
trials falling into the category of correctly iddied items. More trials would
therefore potentially be included in the successfamory encoding condition and
cleaner ERP data be acquired. The fact that paatits were no longer instructed to
speak out loud was also expected to cause a reducfi unnecessary muscular
tension during the test phase, potentially causewer trials to be lost during
artefact rejection. The possibilities of investiggtretrieval related ERPs, and in
particular any potential modulations of retrievdfeets by JOL, served as an

additional incentive.

6.2. Method

Participants were 32 students at the Universitystifiing. Five participants were
excluded due to equipment failure or excessive BEEfacts, and three due to poor
performance. The remaining 24 participants (16 fejnhad a mean age of 21

(range: 18-27).

Stimulus materials and experimental procedure aomféo those outlined in
Chapter 4 and the behavioural paradigm is scheallgtitiustrated in Figure 6.1.
Grand average ERP waveforms were formed for tHeviiolg response categories:

Hits (items subsequently recognised as old), Miggems judged incorrectly as

121



Chapter 6: Judgments of Learning and Recognitiombtg

being new), High JOL (study pairs assigned a JO& of 5) and Low JOL (JOL of
1 or 2). As explained in greater detail below, gtitdms attracting an ‘unsure’ JOL
(3 response) were included in additional analysgented following the standard
High JOL versus Low JOL analyses. Mean numbersialstwere 205, 53, 119, 75

and 63 for the Hits, Misses, High JOL, Low JOL aveédium JOL categories

respectively.
Study: + GARDEN PROBABILITY
FLOWER TO RECALL
1000 ms 3000 ms 500 ms until response 1000 ms
Test: + GARDEN
1000 ms 1500 ms 2500 ms
(old/new?)

Figure 6.1 The experimental paradigm used in Expeni 2.

At study, participants saw a number of word par€\e presented above a target) and made a JOL
for each pair. The JOL reflected how likely the tigipants believed they were to remember the
target word (flower) when presented with the cuadv@arden) on a later test. The rating scale
ranged from one (will definitely forget) to five {vdefinitely remember). At test, participants saw
each of the upper words intermixed with a numben®iv words and were required to make an
old/new recognition judgment.

6.3. Behavioural Results

6.3.1. Study

Participants had a preference for assigning intdiate JOLs (Figure 6.2a).

ANOVA on response rates revealed a main effect@i JF(4,92) = 17.0, p <
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0.001], with accompanying lineafF(1,23) = 16.5, p < 0.001] and quadratic trends
[F(1,23) = 25.2, p < 0.001]. The pattern of reactiome (RT) for making JOLs at
study also formed the shape of an inverted “U” wpégited against each level of
JOL (Figure 6.2b). ANOVA revealed a significant maffect of JOL F(4,92) =
5.7, p < 0.001], exhibiting lineaF({1,23) = 6.6, p < 0.001] and quadratic trends

[F(1,23) = 12.4, p < 0.01].

100 1 1200 1
50 4 1000 1

800
60
600
40

Number of trials

400 1

Reaction time (ms)

20 1 200 4

\ J \\ J/

Figure 6.2 Behaviour at study.
Mean (and S.E.) number of trials assigned each d@é&gory at study (A) and reaction times for
making each level of JOL at study (B).

6.3.2. Test

Overall recognition responses are shown in FiguBa.6Figure 6.3b shows the
mean recognition accuracy for old items distributeztoss the levels of JOLs
assigned at study. It is evident from the grapht ttecognition performance
increased with increasing JOL and a repeated mes@A\MOVA confirmed that the
effect of JOL was significanf{4,92) = 23.7, p < 0.001], exhibiting lined#([,23)

=49.7, p < 0.001] and quadratic tren&¢1,23) = 7.3, p < 0.05]. The mean G score
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of 0.26 (SD = 0.15) was significantly above ze@3) = 8.06, p < 0.001]. Mean, d

was 0.37 (SD = 0.25) and was also signficantly abaero {(23) = 7.42, p < 0.001].

In contrast to the reaction times measured at sttidy pattern of reaction times
across JOL at test showed a linear developmenu@i§.3c). ANOVA confirmed a

main effect of JOLF(4,92) = 11.2, p < 0.001], reflecting a linear ugf(1,23) =

28.0, p < 0.001].
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Figure 6.3 Behaviour at test.
Mean (and S.E.) recognition responses for eachorsgp category at test (A) recognition
performance across JOL at test (B) and reactioe tireasured at test split according to JOL (C).

6.4. Event-Reated Potential Results

As in Experiment 1, the initial ERP analyses cosguli separate assessments of the

study phase ERPs. Firs$M effectsstudy ERPs separated according to memory
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accuracy at test (Hits versus Missed; Figure 6SBcond,JOL effects ERPs
associated with High or Low JOLs (Figure 6.5). Agat is not possible to contrast
directly these two effects as they contain overilagpubsets of trials. The first set
of analyses that were carried out followed the satnecture as for Experiment 1.
The ERP results section in the present experimasittowever, an additional set of
JOL analyses reported at the end that were notilppess Experiment 1 (due to
insufficient trial numbers). Two of these analys®slve comparisons of the data
from Medium JOL (JOL responses of 3). The aim ekSthanalyses was to establish
whether the differences in JOL ERPs reflect gradirnges in amplitude as a

function of the JOL responses.

Based on visual inspections of the waveforms it e@sfirmed that the two time
windows used in Experiment 1 captured the actigitynterest (550-1000 ms and
1300-1900 ms post-stimulus presentation). The SMIDL distributions exhibit a
similar widespread positivity in the early time wow. During the later time
window, however, the two effects differ; the JOLntrast reveals a strong posterior
negative-going effect which is not present in tid &ntrast. A third effect was
also observed in this data set. This effect wasegurein both contrasts with a
relatively early onset (300-500 ms post-stimulusl a parietal distribution. In the
SM contrast, the effect was characterised by are@se in positivity for missed
items relative to recognised items. Similarly, e tJOL contrast, the effect was
characterised by an increase in positivity for L8®@L items. These early effects are
not the primary focus of this investigation, butvéafor completeness been

summarised in Appendix A.
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For each contrast, data were first analysed usiN@Q¥A with factors of category
(Hits versus Missed, High versus Low JOL), locati@frontal, fronto-central,
central, centro-parietal, parietal), hemisphereft,(leight) and electrode site
(superior, mid, inferior) followed by five subsidyaanalyses on each separate
location when interactions involving location wezeident. The outcomes of the
subsidiary analyses for the early and late timedawvs are summarised in Tables

6.1 and 6.2.
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Figure 6.4 SM effects.
Grand average ERPs for subsequently missed itelack(lines) and subsequently recognised itemsdogttd lines).
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Figure 6.5 JOL effects.
Grand average ERPs for items assigned a low J@cKbines) and items assigned a high JOL (greeteditines).
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6.4.1. SM Effects

Waveforms for subsequent Hits and subsequent Measeshown in Figure 6.4 at
electrodes included in the analyses. For the 550000 ms time window the
outcome of the initial ANOVA was a significant inéetion between condition and
site [F(1.1,26.2) = 15.8, p < 0.001] reflecting that thisl ®ffect is a broadly
distributed positive-going effect which is largestsites closest to the midline (see

Figure 6.6).

--------------- Subsequent Recognition

FCz )
Subsequent Miss

]
-

+5 v

i

.

opv

0 550 1000 ms

Figure 6.6 SM effect at FCZ.
The topographic map illustrates the scalp distidng of the SM effect (subsequent Hits minus
subsequent Misses) over the 550-1000 ms time window

For the 1300-1900 ms time window the initial ANOMWavealed no significant

main effects or interactions (ddk < 3.0).

6.4.2. JOL Effects

Waveforms for study item assigned a Low JOL anché@ssigned a High JOL are
shown in Figure 6.5 at electrodes included in thaelyses. For the 550-1000 ms

time window the outcome of the initial ANOVA wasnaain effect of condition
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[F(1,23) = 10.0, p < 0.01] along with interactionstvibeen condition and site
[F(1.1,25.2) = 11.6, p < 0.01] and between conditibemisphere and site
[F(1.3,29.9) = 4.0, p < 0.05]. The analyses confinat the early JOL effect reflects
a relative positivity for items assigned High JQhan for items assigned Low JOLs
that is largest at posterior electrode sites ctasethe midline (the effect also seems
to be slightly skewed towards the right hemisphmrer fronto-central and central

electrodes and slightly skewed to the left overgtal electrodes; see Figure 6.7).

b1 cennnees - High JOL
Low JOL

+5 v

0 550 1000 ms

Figure 6.7 JOL effect at P1.
The topographic map illustrates the scalp distiims of the JOL effect (High JOL minus Low JOL)
over the 550-1000 ms time window.

For the 1300-1900 ms time window the outcome of itiital ANOVA was a
significant main effect of conditionF[1,23) = 15.9, p < 0.01], along with
significant interactions between condition and tmra[F(1.3,29.7) = 4.7, p < 0.05]
and between condition and site(1.2,27.0) = 17.2, p < 0.001]. The subsidiary
analyses revealed significant main effects of cimwliand significant interactions
between condition and site across all five ele@roalvs. As Figures 6.5 and 6.8

illustrate, ERPs elicited by items assigned Higd aow JOLs differ primarily on
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electrode sites that are closest to the midlineerevithe High JOL ERPs are

markedly more negative-going relative to Low JOLHER

............... High JOL
Low JOL

CpPZz

+5 uv & o =2

0 1300 1900 ms

Figure 6.8 JOL effect at CPZ.
The topographic map illustrates the scalp distiimg of the JOL effect (High JOL minus Low JOL)
over the 1300-1900 ms time window.
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Table 6.1 Outcomes of the analysis of the JOL Efizts.
(F = Frontal; FC = Fronto-Central; C = Central; €Rentro-Parietal; P = Parietal).

High JOL/Low JOL

1300-1900ms F FC C CpP P

Condition F(1,23)=5.1; p<0.05 F(1,23)=8.9; p<0.01 F(1,23)=16.9; p<0.001 F(1,23)=27.1; p<0.001 F(1,23)=27.1; p<0.001
Condition x Hemisphere
Condition x Site F(1.2,27.4)=11.1; p<0.01 F(1.3,30.2)=9.1; p<0.01 F(1.2,28.4)=9.1; p<0.01 F(1.2,28.1)=17.8; p<0.001 F(1.2,26.7)=11.3; p<0.01

Condition x Hemisphere x Site
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6.4.3. Analyses of Scalp Distributions

The scalp distribution analyses were conductedgualOVA with factors of time
window (early, late), location (frontal, fronto-deal, central, centro-parietal,
parietal), hemisphere (left, right) and site (sigrermid, inferior). The analyses
were not carried out for the SM effects since thees no evidence of activity
separating Hits and Misses in the late time windBar. the JOL effects, ANOVA
revealed significant interactions between time kation F(1.3,31.6) = 4.8, p <
0.05] and between time and sitg(1.1,25.5) = 42.4, p < 0.001]. The interaction
between condition and location reflect how both #zely and late JOL effects
exhibit parietal maxima but with opposite polaritgimilarly, the interaction
between condition and site reflect how both effeatsopposite polarities are
focussed over medial electrode sites. The reliadtéractions that were revealed in
the JOL analyses indicate that the early and Iatie &ffects in Experiment 2 are

also produced by different sets of neural genesator

6.4.4. Additional Analyses of the Early JOL Effect

In the present study, enough trials were obtaioedtéms assigned a Medium JOL
(JOL response of 3) and for that reason, compasid@tween Low JOL, Medium
JOL and High JOL were possible (scalp maps areigedvin Figures 6.9 and
waveforms in Figure 6.10). To investigate thesea daitial ANOVAs with factors
of condition (High JOL, Medium JOL, Low JOL), logan (frontal, fronto-central,

central, centro-parietal, parietal), hemispherdt, (keght) and site (superior, mid,
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inferior) were carried out for each time window (55000 ms and 1300-1900 ms)

and are reported below.

For the early time window, the initial ANOVA reveal a significant main effect of
condition [F(1.8,41.2) = 4.2, p < 0.05], along with interacgdoetween condition
and site F(1.8,41.7) = 3.7, p < 0.05] and between conditimeation and site
[F(4.4,100.7) = 3.3, p < 0.05]. Two additional ANOVAgre then carried out to
investigate in more detail how the three conditidifer from each other; High JOL
versus Medium JOL and Medium JOL versus Low JOIghHIOL versus Low JOL
were reported above in the original analyses. TNEOXAs were followed up by
five subsidiary analyses on each electrode row wampropriate (the outcomes of

which are summarised in Table 6.2).

The first of the comparisons (High JOL versus MadilOL) revealed a significant
main effect of conditionH(1,23) = 5.3, p < 0.05] and a significant interaoti
between condition, location and sit€(2.3,53.3) = 3.7, p < 0.05]. The five
subsidiary analyses revealed significant main ésfet condition on centro-parietal
and parietal electrode rows and a significant adgon between condition and site
on the frontal electrode row. The interaction betweondition and site on frontal
electrode rows seem to reflect how High JOL itemesraore positive-going relative
to Medium JOL items on sites closest to the midlilee second comparison
(Medium JOL versus Low JOL) revealed only a siguaifit interaction between
condition, location and siteF[2.3,59.4) = 5.1, p < 0.01]. The five subsidiary

analyses revealed significant interactions betweemndition and site on centro-
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parietal and parietal electrode rows. As reportevipusly, the original comparison
between High JOL and Low JOL revealed a significaain effect of condition, a
significant interaction between condition and siéad between condition,
hemisphere and site. Altogether, therefore, thesdyses confirm that i) Medium
JOL produce ERPs that are more positive-going ivelaib Low JOL items (an
effect which is predominantly present on postee@ectrode sites closest to the
midline), ii) High JOL items produce ERPs that arere positive-going relative to
Medium JOL items (an effect which is widespreadasrthe scalp), and finally iii)
High JOL items produce ERPs that are more posgoieg compared to Low JOL
items (and effect which is relatively widespread Wwith a focus on sites closest to
the midline). In sum, the ERPs associated with J@laking appear to become
more positive the higher the JOL ratings. The stiail outcomes are consistent

with the impression provided in Figure 6.9 and 6.10

High JOL/ Medium JOL/ High JOL/
Medium JOL Low JOL Low JOL
aéa = 2
0 pv
|
—
— )

Figure 6.9 Distributions of early JOL effects.
The topographic map illustrates the scalp distidng of the High JOL versus Medium JOL,
Medium JOL versus Low JOL and High JOL versus L@\ &ffects during the early time window.
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C1 Ccz C2

CP1 t cpz cP2

.................... High JOL
+5 uV _— Medium JOL

Low JOL

1 |
0 1000 ms

Figure 6.10 JOL effects (including Medium JOL) gpresentative electrodes.
Grand average ERPs for items assigned a Low JQicKhines), items assigned a Medium JOL
(green lines) and items assigned a High JOL (gdetted lines).
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Table 6.2 Outcomes of the analyses of the JOL Hfets.
(F = Frontal; FC = Fronto-Central; C = Central; €Rentro-Parietal; P = Parietal).

High JOL/Medium JOL

550-1000ms

F FC C CpP

P

Condition
Condition x Hemisphere
Condition x Site

Condition x Hemisphere x Site

F(1,23)=6.7; p<0.05

F(1.2,28.4)=5.5; p<0.05

F(1,23)=6.1; p<0.05

Low JOL/Medium JOL

550-1000ms

F FC C CpP

Condition
Condition x Hemisphere
Condition x Site

Condition x Hemisphere x Site

F(1.1,25.6)=6.1; p<0.05

F(1.1,25.8)=7.5; p<0.01
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6.4.5. Additional Analyses of the Late JOL Effect

For the late time window, the initial ANOVA revedla significant main effect of
condition F(1.8,41.2) = 6.8, p < 0.01], along with interacgdmetween condition
and site F(1.9,43.5) = 5.5, p < 0.01]. Two additional ANOVAre then carried
out to investigate in more detail how the threedittons differ from each other;
High JOL versus Medium JOL and Medium JOL versuw LJ®L (waveforms are
provided in Figure 6.10 and scalp maps in Figuld %6.High JOL versus Low JOL

were reported above in the original analyses.

The first of the comparisons (High JOL versus MedidJOL) revealed no
significant main effect or interactions (afls < 1.5). The second comparison
(Medium JOL versus Low JOL) revealed only a sigmaifit main effect of condition
[F(1,23) = 6.7, p < 0.05]. As reported previouslye thriginal comparison between
High JOL and Low JOL revealed a significant mairieeff of condition and
significant interactions between condition and tmraand between condition and
site. Altogether, the additional analyses suggeat t) there are no differences
between ERPs elicited by Medium and High JOLs, igrtie ERP elicited by Low
JOLs is significantly more positive-going comparted both Medium and High
JOLs. The statistical outcomes are consistent with impression provided in

Figures 6.10 and 6.11.
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Figure 6.11 Distributions of late JOL effects.
The topographic map illustrates the scalp distidng of the High JOL versus Medium JOL,
Medium JOL versus Low JOL and High JOL versus L@t &ffects during the late time window.

The late negative-going JOL effect observed in Expent 1 showed a clear left-
hemispheric distribution, however the effect in Exment 2 showed no such
hemispheric differences. Except from this disparthe effects were remarkably
similar with comparable morphologies and time ceargOne inconsistency across
the experimental procedures might possibly explais difference; while the rating
scale used in Experiment 2 was counterbalancedsdhale used in the preceding
experiment was not (see Chapter 4). To investifaite late JOL effect is sensitive
to the choice of response hand, the late JOL effeat Experiment 2 was plotted
separately for the participants who used a stansieate (as in Experiment 1) and

for the participants who used a reversed versigdhe&cale (see Figure 6.12).
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Experiment 1 Experiment 2

b

i
N

Standard scale Reversed scale

Figure 6.12 The late JOL effect for standard anénged scales.

The illustration shows the effect from Experimer(upper left) and Experiment 2 (upper right). The
topographical maps below show the effect from Eixpent 2 separately for the group of participants
(N = 12) who used standard scale (left) and theigraf participants (N = 12) who used a reversed
scale (left).

Subtraction data (High JOL minus Low JOL) from the groups were analysed
using ANOVA with a between-participant factor ofogp (standard scale versus
reversed scale) and within-participant factors afation (frontal, fronto-central,
central, centro-parietal, parietal), hemisphereft,(leight) and electrode site
(superior, mid, inferior). The ANOVA revealed sifjoant interactions between
group and hemispheré&(,22.0) = 18.1, p < 0.001] confirming the impressin
Figure 6.12 that the two groups produce signifiyadifferent late JOL effect;
whereas the group using the standard scale prasftests that are slightly skewed

to the left (and maximal towards the midline), th®up using a reversed scale

140



Chapter 6: Judgments of Learning and Recognitiombty

produce effects that are slightly skewed to thétriggnd maximal at more lateral

electrodes).

To confirm that the differences in distribution asal, scalp distribution analyses
were carried out after rescaling the data, revgadignificant interactions between
group and hemispheré&([1,22.0) = 18.1, p < 0.001] and between group, tiona

and hemisphereF[1.6,36.3) = 5.8, p < 0.01]. These analyses continat the

distribution of the late JOL effect is dependenttloa choice of response hand for
making the JOL ratings; when a standard scaleed,ute effect is most prominent
over the right hemisphere, whereas when a revessald is used, the effect is most

prominent over the left hemisphere.

The fact that the late JOL effect is sensitive hoice of response hand could be
indicating that the effect is reflecting differeaitiactivity associated with the
motoric preparation of making JOL ratings. Motaaittivity is associated with one
of the first observed ERP deflections, t@entingent Negative VariatiofCNV).
This effect was first demonstrated by Walter, Coppddridge, McCallum &
Winter (1964; see Luck, 2005), who presented ppeids with a warning signal
followed by a target stimulus and instructed themptess a button when they
detected the target. In the time period betweenpiesentation of the warning
signal and the target, Walter et al. (1964) obskrenegative voltage at frontal
recording sites that appeared to reflect partidgpgreparing to respond to the
upcoming stimulus. The time course of the negagieieg late JOL effect observed

in Experiments 1 and 2 could be interpreted agetfig a CNV potential, however
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this interpretation is dependent on the pattermeattion times at study matching
the pattern of the effect; the largest differenceshe CNV potential should be
present between conditions which show the greaiffsrences in reaction times.
Looking at the reaction times across Low, Mediund &hgh JOL (Figure 6.13),
however, it is clear that the difference is largestween Medium JOL and High
JOL. An ANOVA comparing the reaction times for #itee conditions revealed a
significant main effect of JOLH(2,46) = 4.2, p < 0.05]. Post hoc comparisons
revealed a marginally significant difference betwét¢igh and Medium JOL (p =
0.05). By contrast, looking at the ERPs for the sahree conditions (see Figure
6.10 above), the biggest difference in this caskeitsveen Low JOL and the two
remaining conditions. This observation makes a Gherpretation of the late JOL

effect very unlikely.
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Figure 6.13 Reaction times across JOL.
Mean (and S.E.) reaction times for making Low, Mediand High JOLs at study.

6.4.6. JOL ERP Effects without Memory Confounds

As previously stated, the statistical comparisotwben subsequent memory and
JOL effects is inherently confounded due to somerlap in the trials which

contribute to each ERP contrast. To be able tosinyate JOL effects in the absence
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of memory, we extracted ERPs elicited by high ama DOL responses from a
subset of trials that exclusively included subsequkits. If the JOL effects

characterised above are still evident in this suylibés provide reason to conclude
that the effects are reasonable representatioheohéural activity associated with
JOL ratings that are not obscured by collapsirgdrihat were both subsequently

remembered and forgott%n

The topographic maps displaying the JOL effectspmoided in Figure 6.14. The
early JOL effect is characterised by an increaspasitivity for high JOL items

relative to low JOL items and this difference igdespread but with a focus over
posterior electrode sites closest to the midlinee Tate JOL effect, by contrast, is
associated with an increase in negativity for higdL items relative to low JOL

items and this difference is also largest on pasteriectrode sites closest to the
midline. Overall, this pattern of effects appeavscbrrespond well to the JOL

effects described in the above sections.

For the 550 to 1000 ms time window ANOVA revealesignificant main effect of
condition F(1,23) = 13.2, p < 0.01] and an interaction betweendition and site
[F(1.2,26.9) = 13.9, p < 0.01]. The analyses confilat the early JOL effect is
largest at electrode sites closest to the midlifae. the JOL effect present in the
1300-1900 ms ANOVA revealed a significant main efffef condition F(1,23) =
10.5, p < 0.01] and a significant interaction bedweondition and sitd=[1.2,26.5)

= 12.9, p < 0.01]. These analyses confirm thatBR&s elicited by items assigned

° |deally a comparable analysis of SM effect shcdcarried out within either Low or High JOL
items to allow an examination of SM effect with@@L confounds, however this analysis was not
possible due to insufficient trial numbers in tidsequent missed condition.
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High and Low JOLs differ primarily on electrode esitthat are closest to the
midline. The JOL effects without memory confounds eemarkably similar to the

original effects that included both subsequentlgsed and remembered items.

550-1000 ms 1300-1900 ms

.
i
N

Figure 6.144 Distribution of the JOL effects withauemory confounds.

6.5. Discussion

The second of the experiments reported in thisithesamined the relationship
between JOLs and memory encoding in a similar veaxperiment 1, however
rather than sorting the trials included in the mgmencoding contrast based on
subsequent cued recall, the trials were sorteddbase subsequent recognition.
Altering the test requirements did not produce geztbly different ERP correlates
of subsequent memory, but the experimental martipulalid, however ensure an
increase in the trials that contributed to the Sbhtrast and the ERPs are
considerably cleaner in comparison to those frorpeexent 1. In addition, the
JOL effect could be analysed within trials that yomhcluded subsequent hits
allowing the examination of JOL effects without nmmn confounds. These

analyses revealed a similar pattern of effect éodhginal effect that included both
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subsequently missed and remembered items sugges$igthe observed JOL
effects are genuine. The ERP data in Experimene&wanalysed using the same
two time windows as the data from Experiment 11ye&50-1000 ms) and late

(1300-1900 ms). Findings for each time window asewksed in turn.

6.5.1. Early Time Window (550-1000 ms)

Similar to the findings from Experiment 1, the SNfeet in Experiment 2 is
characterised by an increase in positivity for sgjoently recognised relative to
subsequently missed items. In experiment 2, howether effect did not have as
clear a posterior focus, but rather seemed to éxhilo peaks — one at midline
frontal electrode sites and one at midline pariefattrode sites. Although it is
possible that this pattern reflects the existerfcénvo separate effects, statistical
analyses did not, however, verify the presencewaf peaks. Backsorting study
trials based on subsequent recognition rather ¢had recall therefore seems not to

have produced qualitatively different SM effectsoss Experiment 1 and 2.

The early JOL effect found in Experiment 2 als@sgly resembles the pattern of
activity observed in Experiment 1; items assigneghhJOLs showed a clear
increase in positivity relative to items assigned DOLs. Unlike the SM effect, the
maximum amplitude was recorded at posterior eldetrsites, but statistical
analyses did not establish a reliable interactietwben condition and location (as

in Experiment 1).
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In the discussion section of Chapter 5 three ptessitierpretations of the early
effects were outlined: i) the effects reflect arggumeasure of successful memory
encoding, ii) the effects reflect a ‘pure’ measafdOL, and finally iii) the effect is
a product of a interaction between JOL and enco@ieg JOL-specific encoding
strategies). Given the similar pattern of resutgyeriment 2 does not provide much
additional evidence in favour of any one of theoti®s. The present data do,
however, provide a more fine-grained analysis, destrating that the ERP for
Medium JOL responses lies between the High and 10w ERPs, revealing a clear

correlation between the JOL rating and the mageitfdhe early JOL effect.

In both Experiments 1 and 2 there are clear inee&s memory performance as
JOL ratings get higher. For that reason it remamsossible to determine whether
the modulation of the JOL effect is a direct consmage of the JOL ratings or
simply reflect an increase in the proportion ofogised trials. Again, however, if
the JOL effect is primarily driven by successfulceding operations, it is

reasonable to expect it to be smaller in comparitmrthe SM effect. As in

Experiment 1, however, a visual inspection of thd 8nd JOL effects from

Experiment 2 gives the impression that the JOLcefig larger in magnitude than
the SM effect. Although visual inspection does maivide strong evidence that the
early effect is at last partly related to JOL pssms, the consistency of this
observation across two experiments makes it haedgoe that successful encoding

processes exclusively give rise to the early positi
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One way to further investigate the functional digaince of the early effect is to
replicate the present experiment without JOL irttams; if successful encoding in
the absence of the explicit requirement to make sJPtoduces effects that are
comparable to those observed in Experiments 1 antv2ould imply that JOLs
themselves are not necessarily causing the eddgtefseen in Experiments 1 and
2. On the other hand, if the SM effect turns oub&qualitatively different, this

would imply that JOLs were at least partly respblesfor the effects.

6.5.2. Late Time Window (1300-1900 ms)

Experiment 2 replicated the findings of Experim&nthere were no significant SM
effects in the late time window, but there was cle@dence of a negative-going
JOL effect with a centro-parietal maximum. Unlikbet late JOL effect in
Experiment 1, however, this effect was not lefiesid but focussed instead on
midline electrodes. Follow-up analyses of the datggest that this difference in
topography is the result of counterbalancing thimgascale. Since the distribution
of the late JOL effect seems to be dependent orlib&ee of response hand, this
raised the concern that the effect reflects resppnsparation (i.e. CNV) rather than
JOL-related processes per se. When ERPs elicitedldgium JOL items plotted
against Low and High JOL items, it was clear thaghHJOL and Medium JOL
ERPs overlapped and differed significantly in artoole from Low JOL items. By
contrast, the largest difference in reaction tinas wetween Low and Medium JOL
items compared to High JOL items. It is therefoegywunlikely that the late JOL

effect is caused solely by response preparatiocegses.
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The fact that the waveforms associated with Medi@ihs overlap with High JOLs
in the late time windows is itself an interestingservation. The early JOL effect
showed a graded increase; the higher the JOL rétmdarger the amplitude of the
effect. Why then does the late JOL effect not digpa similar pattern? One
possibility is that the early effect reflects preses involved in determining JOL
responses, whereas the late JOL effect reflecteepses that work on the product of
the JOL decision. These components of processingsyond to what Nelson &
Narens (1990) refer to asonitoringandcontrol in their theoretical framework for
metacognition (see Chapter 1). Although this intetgtion does not provide a
simple answer to why low JOL items should be prsedsdifferently from High
JOL and Medium JOL items, one speculation is thiaenvmemorability is judged
as low (as opposed to high or ‘uncertain’) paréicifs engage in specific control
strategies to compensate for poor learning. Althoexggminations of Medium JOL
activity do not provide comprehensive insights itite functional significance of
the early and late JOL effects, their outcome<arsistent with the view that these
effects are functionally distinct (because only tely effect is clearly graded).
This claim could not have been supported with Hreesdegree of confidence based

on the data from Experiment 1 alone.

6.6. Summary and Conclusion

Experiment 2 further investigated the corresponddyetween the neural correlates
of successful memory encoding and JOLs by alteasg instructions at test. As in
Experiment 1, a positive-going effect shared by &w JOL was evident in an

early time window. This effect seemed to be moduldty the JOL ratings; higher

148



Chapter 6: Judgments of Learning and Recognitiombty

JOL resulted in an increase in positivity. The @i purpose of altering test
instructions at test was to provide an alternabigsis upon which encoding trials
could be sorted. Successful encoding defined asesstul recognition did not,
however, produce effects that differed noticeabiyrf successful encoding defined
as successful cued recall. In a later time windberd was only evidence for a
negative-going JOL effect distinguishing High anédium JOL items from Low
JOL items. Overall, the findings from Experimentr@plicate and extend the
findings from Experiment 1, which suggested thar¢hare associations as well as
dissociations between the neural systems that teeslieccessful memory encoding

and JOLs.
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Learning without Judgments of Learning

7.1. Introduction

Experiments 1 and 2 established that Judgmentseafning are associated with
neural correlates that are partly overlapping amdgthp distinct from that of
successful memory encoding. The overlapping deflecta relatively early effect
occurring between 550 and 1000 ms post-stimulusemtation, is characterised by
an increase in positivity for high JOL items relatito low JOL items and for
recognised items relative to missed items. Why ¢fisct is present in both the JOL
and memory contrast is unclear. It is possible thateffect is driven primarily by
processes supporting successful memory encodingsatierefore only visible in
the JOL contrast due to the inevitable correlatioetween JOLs and SM
performance. It is equally possible, however, that effect is purely JOL related
and this interpretation is supported by the obgsemathat the JOL effects have
been visibly larger than the SM effect across W ppreceding experiments. A third
possibility is that the early positive-going effeastses when JOLs and encoding co-

occur.
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This latter interpretation is resting upon the agstion that JOLs directly influence
processes which determine the probability of futtemembering of the material
under study. Explicitly, the question concerns éxiéstence of JOL-specific SM
effects. A number of studies have establishedtiieaheural correlates of successful
memory encoding are influenced by the choice ofodimg task. For example,
Otten & Rugg (2001a; see Chapter 3) found qualiedti different SM effects for
animacy and alphabetic encoding tasks. Otten & R@801a) identified three time
windows that were submitted for analyses: 0-350 $5866-1000 ms and 1300-1900
ms post-stimulus. For the animacy task, the fisetwindow revealed a left frontal
focus, the second a fronto-central focus and thid thme window showed again a
left frontal focus. All effects were characterisbgd an increase in positivity for
recognised relative to missed items. For the alpti@lask, the focus of the effects
was restricted to centro-parietal recording sited this effect was characterised by

an increase in negativity for recognised relatovenissed items.

Although it is unclear what the different topogragshof SM effects reflect, it has
been speculated whether frontal effects are adsdciaith ‘deep’ encoding and
posterior effects with ‘shallow’ encoding. Fernana¢ al. (1998) found effects with
centro-parietal focus when their participants warstructed to avoid elaborate
encoding strategies. Comparably, encouraging [aatits to engage in elaborative
encoding strategies have been found to suppressetiteo-parietal effects in Von
Restorff paradigms and generated frontal effectead (Fabiani et al., 1990; Karis

et al., 1984; see Chapter 3).
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The ERP findings outlined above are accompaniedsdmeral findings of task-
specific SM effects from fMRI experiments (Bakean8ers, Maccotta & Buckner
2001; Fletcher, Stephenson, Carpenter, Donovan e, 2003; Otten, Henson
& Rugg, 2002; Otten & Rugg, 2001b; Park, UncapheRé&gg, 2008). Given this
growing body of evidence, the conception of JOLed#jie encoding effects is not
unlikely. One way of investigating this possibilitg to examine the neural
correlates of successful encoding of the stimuti fsem Experiments 1 and 2
having removed any requirements to make JOLs. Thithe primary aim of
Experiment 3. If the SM effects that arise undeJ@d conditions are the same as
the effects that arise when JOLs are being madepltiservation would support the
encoding interpretation of the early effect. If, e other hand, the effects from
Experiment 3 are qualitatively different from thoflem Experiments 2, this

suggests that JOLs are at least partly resporfsibtbe overlapping deflection.

7.2. Method

Participants included 29 students at the UniversityStirling. Two participants
were excluded due to equipment failure or excedsE8 artefacts, and three due to
poor performance. The remaining 24 participantsfélBale) had a mean age of 21

(range: 17-34).

Stimulus materials and experimental procedure comfio that outlined in Chapter

4 and the behavioural paradigm is schematicallysitated in Figure 7.1. Grand

0 The experimental paradigm in Experiment 3 is ibahtto that of Experiment 2 (except from the
removal of the JOL instruction). For that reasoe tlesults from Experiment 3 will mainly be
compared to that of Experiment 2 rather than Expenit 1 which employed a cued recall task at test.
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average ERP waveforms were formed for the followiegponse categories: Hits
(items subsequently recognised as old) and Misgethg judged incorrectly as

being new). Mean numbers of trials were 156 antb8®its and Missed categories

respectively.
PRESS
Study: + GARDEN BUTTON
FLOWER TO CONTINUE
1000 ms 3000 ms 500 ms until response 1000 ms
TIME
Test: + GARDEN
1000 ms 1500 ms 2500 ms
(old/new?)
TIME

Figure 7.1 The experimental paradigm used in Expeni 3.

At study, participants saw a number of word pa&sc@e presented above a target). Rather than
making a JOL, they were instructed to press a hugdher 2 or 4) to initiate the next trial. Aste
participants saw each of the upper words intermixgéd a number of new words and were required
to make an old/new recognition judgment.

7.3. Behavioural Results

7.3.1. Test

Overall recognition responses are shown in Figug Although participants in
Experiment 3 are still correctly rejecting new i®mt a rate comparable to

Experiments 1 and 2, the overall hit rate is cogrsidly lower.
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Figure 7.2 Behaviour at test.
Mean (and S.E.) recognition responses for eactonsgpcategory at test.

7.4. Event-Reated Potential Results

The initial ERP analyses comprised assessmentdieofstudy phase ERPs; SM
effects study ERPs separated according to memory accluaaegst (Hits versus

Missed; Figure 7.3).

For comparison purposes, the same time windowsateed chosen in Experiment 1
and 2 (550 to 1000 ms post-stimulus presentatiash H300 to 1900 ms post-
stimulus presentation) were used for analyses ef SM effects in the present
experiment. Additional analyses are reported attieeof the result section using an
alternative time window that appears to bettethié time course of the effect. The
SM effect in Experiment 3 is rather characterisgdMidespread frontal positivity
that is relatively long-lasting. As in Experimeniahd 2, data were analysed using
ANOVA with factors of category (Hits versus Missed)cation (frontal, fronto-
central, central, centro-parietal, parietal), hgrhese (left, right) and electrode site

(superior, mid, inferior).
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7.4.1. SM Effects

Waveforms for subsequent Hits and subsequent Measeshown in Figure 7.3 at
electrodes included in the analyses. For bothibesb0 to 1000 ms and 1300-1900
ms time windows the ANOVAs did not reveal any sigaint main effects or

interactions (alFs < 2.0).

7.4.2. Additional Analyses of the SM Effects

Visual inspection of the waveforms suggest that tinee windows chosen for
analyses in Experiment 1 and 2 do not corresponithéctime course of the SM
effects observed in the current experiment. Clesamination of the effects gives
the impression that the effects comprise of onegdasting and relatively
widespread effect rather than two separate efféxsnplementary analyses were
therefore carried out using a 1000-2000 ms timedesn The outcome of these

additional analyses is reported below.

For the 1000-2000 ms time window the initial ANOV@vealed only a significant

main effect of condition f(1,23) = 5.7, p < 0.05] indicating that the effést

broadly distributed with a focus over right-fronédéctrode sites (see Figure 7.4).
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--------------- Subsequent Recognition
Subsequent Miss

FC4

+5 v

2000 ms

Figure 7.4 SM effect at FCA4.
The topographic map illustrates the scalp distitdng of the SM effect (subsequent recognition
minus subsequent Miss) over the 1000-2000 ms timdaw.

7.4.3. Analyses of Scalp Distributions: comparing SM dffidoom Experiments 2

and 3

Scalp distribution analyses were carried out t@l#sth whether or not the SM
effects from Experiments 2 (550-1000 ms) and 3 QiP000 ms) are
topographically distinct using ANOVA with factord &xperiment (2,3), location
(frontal, fronto-central, central, centro-parietadyrietal), hemisphere (left, right) and
site (superior, mid, inferior). ANOVA revealed asificant interaction between
Experiment and siteF[1.2,53.2) = 7.1, p < 0.01], reflecting that thele&M effect
from Experiment 2 was largest on the midline etmb#ss, whereas this was not the
case for the later SM effect from Experiment 3. Takable interaction that was
revealed in the analyses indicates that the twoeSbtts are produced by different

sets of neural generators.

One concern regarding the different time coursesdastribution of the SM effects

across Experiment 2 and 3 was how performance wasiderably lower in the
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latter case. To investigate whether poorer disecrétion could be the primary cause
for the differences in activity, ERPs were formedd subset of participanthsl € 8)
for whom performance was matched to that of Expenim2 (Figure 7.5). If the
difference in SM effects across Experiments 2 argdg&rformance related, then the
performance matched subset from Experiment 3 shelutbdv SM effects that are
similar to those observed in Experiment 2. Duéhtolow sample size, no statistical

analyses on behavioural or ERP data were carried ou

As can be seen from the waveforms and scalp mapsded in Figure 7.6, there is
no indication of an early posterior SM effect. e tlater time window, on the other
hand, there is an indication of a positive effagsgent over right-frontal electrode
sites. This effect seems to resemble the effettisharesent for the full sample and

shown in figure 7.3 above.

N
70 1
60
50
40 4
30 1
20 1
Anlln
0 B
HIT CR FA
J

Probability (%)

MISS

Figure 7.5 Behaviour at test for subset of paréinig.
Mean (and S.E.) recognition responses for eaclonsgpcategory at test for subset of participants
(N=8) performance matched to Experiment 2.
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Figure 7.6 SM effects for a subsample of 8 paréiotp.

The waveforms represent subsequently Missed (biaek) and subsequently Recognised items (red
dotted lines). The topographic maps illustrate $slealp distributions of the effects (subsequent
recognition minus subsequent Miss) over the 55M1H8 (upper map) and 1300-1900 ms (lower
map) time windows.

7.5. Discussion

Experiment 3 investigated the characteristics of &Mcts elicited when JOLs are
not required. Except from the JOL instructions juled at study, all experimental
parameters were kept the same as for Experimémh2n no JOLs were required,
overall memory performance was considerably lowad &RP effects were

widespread but most prominent over right-frontaioreling sites. Although the SM

effects from Experiment 2 were also relatively veipeead, the focus was on
midline electrodes and the effect was largest ontér-central electrode sites. The
time-course of the SM effect from Experiment 3 atliffered from those of

Experiment 2; no effects were present in the 55001fs and 1300-1900 ms time
windows that were chosen for analyses in Experimmédntaind 2. Instead, a long-

lasting effect was present from 1000 ms which thsteoughout the remaining
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1000 ms of the recording epoch. This effect wasgogphically distinct from the

effect observed in Experiment 2.

Comparing ERP effects across experiments for wpeformance is not matched is
not without complications because it is possibk the difference in SM effects is
simply reflecting poorer discrimination in one expeent relative to the other.
However, it is reasonable to assume that the neoratlates of successful memory
encoding should be weaker in the experiment withrstvperformance because
relatively fewer trials are likely to reflect veridl subsequent recollection (Park,
Uncapher & Rugg, 2008). Since the effects from Expent 3 do not seem to be
weaker versions of the effects from ExperimenttZsilikely that the apparent
discrepancies are caused by qualitative differeircesgnition. The data points for
the subset of participants with higher performasmares support this understanding
as they showed the same pattern of ERP effectseatuli sample from the same
experiment. Hence, removing JOL instructions atytseems to have resulted in
qualitatively different SM effects. This is a fimdj which adds to the growing body
of evidence suggesting that successful memory engad supported by multiple

neuronal systems (Rugg, Otten & Henson, 2002).

SM effects have been found to vary across expetsnand they are frequently
divided into two subtypes: frontal and centro-palieffects. It is unclear what the
differences in topography signify, but some redeens have speculated whether
frontal effects are associated with elaborativeodimg strategies whereas centro-

parietal effects are reflecting rote learning sg#s (Fabiani et al., 1990; Fernandez
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et al., 1998; Fernandez & Tendolkar, 2001; Karislgt1984). Although the SM
effects from the preceding JOL experiments weratiradly widespread, Experiment
1 nevertheless had a posterior maximum. The caBxmdriment 2 is slightly more
complicated as it seemed to exhibit two separatgima Although the frontal
‘peak’ was slightly greater than the posterior igeahis difference was minimal
and therefore it is difficult to determine whichtegory of SM effects this effect

belongs to.

Assuming that frontal SM effects do in fact reflethborative encoding and that
posterior effects reflect rote memorisation, thégra of effects across Experiment
1, 2 and 3 becomes difficult to interpret. Assegsimemorability of study items
presumably involves some level of sophisticatea@ssing (which was reflected in
the enhanced memory performance of Experimentsdl2arelative to Experiment
3). It is well established that elaborative stregegdeep encoding) are associated
with increased memory performance relative to leéening (shallow encoding; see
Craik & Lockhart, 1972) and therefore the experitmexhibiting frontal effects
should also produce the highest memory score. ddstmiemory performance in
Experiment 3 is dramatically lower compared to Ekpents 1 and 2, which both
exhibit SM effects extending to posterior electraites. Similarly, it is difficult to
comprehend why making JOLs should encourage rotaarisation strategies. One
possibility is that the functional distinction beten frontal and posterior effects
needs to be reconsidered. Alternatively, the friodtdlections of the SM effects
from Experiments 1 and 2 are reflecting elaboragweoding while the posterior

deflection is JOL-specific and unrelated to preglguobserved SM effects with
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posterior maxima (Besson & Kutas, 1993; Fernandeal.e 1998; Neville et al.

1986; Paller et al., 1987; Sanquist et al., 198 Petten & Senkfor, 1996).

One interesting observation in relation to the eipant performance scores across
Experiments 2 and 3 is that even the performancéherowest JOL items from
Experiment 2 are overall better remembered comp@aré@ms from Experiment 3
(Figure 7.7). Making JOLs, therefore, seem to sssftdly boost overall
recognition rates, and this observation undenididfjhlights the effectiveness of

JOLs as encoding task.
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Figure 7.7 Comparison of behavioural performanoenfExperiments 2 and 3.

Concerning the relatively low memory score from &sment 3, it is important to
note that Experiment 2 and 3 differ in one addalomportant aspect; whereas
making JOLs could be considered the encoding tagkkperiment 2, this task has
been removed in Experiment 3, and consequentlyi@m®mparing conditions in

which a specific encoding strategy was and wasnoburaged. The second step in
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establishing the existence of JOL-specific encodiffgcts is therefore to compare
the results from Experiments 2 and 3 to an expeatrinte which JOL instructions
have been replaced with alternative encoding insbms. This would be an
interesting next step to take to investigate theeraction between actual and

predicted encoding success (however not a topiereoMfurther in this thesis).

7.6. Summary and Conclusion

The primary aim of Experiment 3 was to investigdie nature of SM effects when
JOLs are not required. Both Experiments 1 and 2¢hviequired JOLs to be made
at study, produced similar SM effects characterisg@n increase in positivity for
remembered relative to forgotten items during 55@ 4000 ms post-stimulus
presentation. The effects were widespread but wiflocus on midline electrode
sites. When the prompt to make JOLs was replaced fompmpt to press a button to
continue, a long-lasting SM effect was present fi@@0 ms post-stimulus until the
end of the recording epoch. This effect was alssitpe-going, but exhibited a
right-frontal focus. The different time course awalp distribution of the SM effect
from Experiment 3 indicate that removing the reguient to make a JOL result in

qualitatively different correlates of successfulmuey encoding.
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Judgments of Learning and Material Specificity

8.1. Introduction

The previous JOL experiments reported in this 1éShapters 5 and 6) employed
an identical study paradigm and only differed ia themory assessments made at
test. For that reason, it is perhaps unsurprishia the effects are remarkably
similar. To comprehensively investigate the robestnand generality of SM and
JOL effects it is therefore necessary to examied #ppearances under a range of
different circumstances. The purpose of Experimkrg to investigate whether or
not the consistent JOL-specific effects that hawenb observed across two

experiments using verbal material will remain presghen the material is pictorial.

Kao et al. (2005) have provided fMRI evidence swstjgg that JOL-specific

activity is present when participants make JOLsplotures of indoor and outdoor
scenes, however their findings do not guaranteerobble ERP effects for the same
set of stimuli (as discussed in Chapter 2). Albe, previous fMRI study does not
provide any information regarding the nature os teffect compared to the effects

from Experiments 1 and 2. The only way to assedsnmaspecificity is to employ

164



Chapter 8: Judgments of Learning and Material Sioégi

the same imaging technique whilst investigating @b both kinds of stimuli.
Experiment 4 therefore uses the pictures employelddn et al. (2005) in addition
to single item words (in a separate block) to allbeomparison of ERP JOL effects

elicited by verbal and pictorial material.

Experiment 4 comprised two separate within-subgesign blocks, employing

single pictures and words as stimuli respectivéy addition, the JOL made in
Experiment 4 differed from that in Experiments Hd&h By necessity, JOLs made
for single item stimuli must indicate the probailof future recognition rather than
cued recall (which was the case in Experimentsdl2)nAlthough the primary aim

of the present investigations was to compare siitgiem words and pictures, a
secondary aim was to compare the consequencesirgf simigle item words as
opposed to pairs of words (as used in ExperimerdadL 2). Differences between
experiments using pairs and single item words gyl to reflect differences in

strategic processing since encoding of one itetherathan two, limits the use of
certain encoding operations (e.g. conceptual bg)dand the ERP correlates of

encoding may be sensitive to this experimental madation.

Changing from pairs to single items also has p@kobnsequences for the ERP
correlates of the JOLs; since the JOLs in Experimkemneflect the likelihood of
futurerecognitionrather tharcued recall(as the JOLs in Experiments 1 and 2) this
could influence the choice of strategy underlyihg JOL decision. Importantly,
however, the limited brain imaging literature instield means this change of

strategies is much less certain. Whatever the cugsmof Experiment 4, the findings

165



Chapter 8: Judgments of Learning and Material Sioégi

are likely to shed some light on the sensitivities lack thereof) of the effects
reported in previous chapters. In sum, Experimehagltwo main objectives: (i) to
investigate potential differences in processingvieen single item words and single
item pictures and (ii) to investigate potentialfeliénces in processing between the

single item words and pairs of words (as reveaiefixperiments 1 and 2).

8.2. Method

Participants were 38 students at the Universityswoifling. Five participants were
excluded due to equipment failure or excessive EEEfacts, five due to ceiling
performance in the word block, two due to insuéidi trial numbers and two for not
following instructions. The remaining 24 participauil4 female) had a mean age of

20 (range: 17-31).

Stimulus materials and experimental procedure agomféo those outlined in
Chapter 4 and the behavioural paradigm is schealigtitiustrated in Figure 8.1.
Grand average ERP waveforms were formed for tHeviohg response categories
for each experiment: Hits (items subsequently reisegl as old), Misses (items
judged incorrectly as being new), High JOL (stuadyrp assigned a JOL of 4 or 5)
and Low JOL (JOL of 1 or 2). Study items attractarg‘unsure’ JOL (3 response)
were discarded due to insufficient trial numbergav numbers of trials in the word
block were 129, 41, 65 and 73 for the Hits, Misddiggh JOL and Low JOL

categories respectively and 94, 65, 54 and 75apitiure block.
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A.
PROBABILITY
Study: + JUICE TO
REMEMBER
1000 ms 2000 ms 500 ms until response 1000 ms
TIME
Test: + JUICE
1000 ms 1500 ms 2500 ms
(old/new?)
TIME
B.
PROBABILITY
Study: + T0
REMEMBER
1000 ms 2000 ms 500 ms until response 1000 ms
TIME
Test: +
1000 ms 1500 ms 2500 ms
(old/new?)
TIME

Figure 8.1 The experimental paradigms used in Hxyart 4.
For the word block (panel A) participants saw a bamof words and made a JOL for each. The JOL

reflected how likely the participants believed thegre to remember the word on a later test. The
rating scale ranged from one (will definitely fotgéo five (will definitely remember). At test,
participants saw each word intermixed with a numifenew words and were required to make an
old/new recognition judgment. For the picture bldplnel B), the procedure was identical except
that participants viewed pictures of indoor sceagiser than words.
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8.3. Behavioural Results

8.3.1. Word Block: Study

Response rates at study are shown in Figure 8128\ revealed a main effect of
JOL [F(4,88) = 20.3, p < 0.001], with accompanying linfg,22) = 5.1, p < 0.05]
and quadratic trend$-(1,22) = 27.9, p < 0.001]. The pattern of reactiare (RT)

for making JOLs at study formed the shape of aeried “U” when plotted against
each level of JOL (Figure 8.2b). ANOVA revealesignificant main effect of JOL

[F(4,88) = 3.0, p < 0.05], exhibiting a quadratiottdF(1,22) = 14.6, p < 0.01].
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Figure 8.2 Behaviour at study.
Mean (and S.E.) number of trials assigned each dé@égory at study (A) and mean (and S.E.)
reaction times for making each level of JOL at gt(B)).

8.3.2. Word Block: Test

Overall recognition responses are shown in FiguBa.8Figure 8.3b shows the
mean recognition accuracy for old items distributestoss the levels of JOLs
assigned at study. It is evident from the grapht tlexognition performance

increased with increasing JOL and a repeated mesig\MOVA confirmed that the

168



Chapter 8: Judgments of Learning and Material Sioégi

effect of JOL was significant{4,88) = 15.2, p < 0.001], exhibiting a linear wen
[F(1,22) = 22.9, p < 0.001]. The mean G score of ¢S3B = 0.12) was significantly
above zerot[23) = 14.56, p < 0.001]. Mean, was 0.53 (SD = 0.21) and was also
signficantly above zerd(R3) = 12.17, p < 0.001]. Reaction times at tespsx JOL
are shown in Figure 8.3c. ANOVA confirmed a maifeef of JOL F(4,88) = 8.2, p

< 0.001], exhibiting linearA(1,22) = 16.8, p < 0.001] and quadratic trerfeld [22)

= 6.0, p < 0.05].
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Figure 8.3 Behaviour at test.

Mean (and S.E.) recognition responses for eachonsgp category at test (A), recognition
performance across JOL at test (B) and reactioe tireasured at test split according to JOL (C).
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8.3.3. Picture Block: Study

Response rates at study are shown in Figure 8 M@\ revealed a main effect of
JOL [F(4,88) = 34.2, p < 0.001], with accompanying lin¢iaf1,22) = 22.0, p <
0.001] and quadratic trend&([L,22) = 40.1, p < 0.001]. Although the pattern of
reaction time (RT) for making JOLs at study, meaduacross JOL, formed the
shape of an inverted “U” as in the word block, (Ségure 8.4b) the ANOVA did

not reveal a significant main effect of JOE £ 0.22).

{ N/ \
80 - 1000 1
@ 800
% 60 g
= )
Z g 600
o 40 =
s S 400
=1 J %
z20 & 200
0 0-
1 2 3 4 5 1 2 3 4 5
JoL JoL
. J \ J

Figure 8.4 Behaviour at study.
Mean (and S.E.) number of trials assigned each d&é&gory at study (A) and reaction times for
making each level of JOL at study (B).

8.3.4. Picture Block: Test

Overall recognition responses are shown in Figufa.8Figure 8.5b shows the
mean recognition accuracy for old items distributetoss the levels of JOLs
assigned at study. It is evident from the grapht tlexognition performance
increased with increasing JOL and a repeated mesig\MOVA confirmed that the
effect of JOL was significanf{4,88) = 18.9, p < 0.001], exhibiting lined#(,22)

= 21.3, p < 0.001] and quadratic tren&¢1,22) = 9.3, p < 0.01]. The mean G score
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of 0.38 (SD = 0.12) was significantly above zeX@3) = 15.36, p < 0.001]. Mean d
was 0.56 (SD = 0.19) and was also signficantly abpero {(23) = 14.78, p <
0.001]. The pattern of reaction times across JOLtestt showed a linear
development (Figure 8.5c). ANOVA confirmed that aimeffect of JOLF(4,88) =

11.3, p <0.001] was accompanied by a linear tféft,22) = 14.4, p < 0.01].
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Figure 8.5 Behaviour at test.
Mean (and S.E.) recognition responses for eachors&p category at test (A), recognition
performance across JOL at test (B) and reactioe tireasured at test split according to JOL (C).

8.4. Event-Reated Potential Results

As for Experiments 1 and 2, the initial ERP anatyssomprised separate
assessments of the study phase ERPs. FBidt, effects study ERPs separated

according to memory accuracy at test (Hits versussés; Figures 8.6 and 8.8).
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Second,JOL effectsERPs associated with High or Low JOLs (Figur&sahd 8.9).
Again, it is not possible to directly contrast thesvo effects as they contain

overlapping subsets of trials.

Data were submitted to analyses for the same twte twindows used in
Experiments 1 and 2; 550 to 1000 ms post-stimutasgntation and 1300 to 1900
ms post-stimulus presentation. However, visual espns of the waveforms
strongly suggest that the timing of the effectdhia current experiment does not
fully match the timing of the effects in Experiment and 2. For that reason
alternative time windows were identified and adufitil analyses carried out. These
are reported in a separate section of the curfeaqter (for the word block) and in

Appendix B (for the picture block).

For each contrast, data were first analysed usiN@¥A with factors of category
(Hits versus Misses, High versus Low JOL), locati@rontal, fronto-central,
central, centro-parietal, parietal), hemisphereft,(leight) and electrode site
(superior, mid, inferior) followed by five subsidyaanalyses on each separate
location when interactions involving location wezeident. The outcomes of the
subsidiary analyses for the early and late timedawvs are summarised in Tables

8.1-8.3. Analyses are reported separately for eapkriment.
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Figure 8.6 SM effects from the word block.
Grand average ERPs for subsequently missed itelak(lines) and subsequently recognised items kit dotted lines).
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Figure 8.7 JOL effects from the word block.
Grand average ERPs for items assigned a low J@cKbines) and items assigned a high JOL (greeteditines).
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Figure 8.8 SM effects from the picture block.
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Grand average ERPs for subsequently missed itelack(lines) and subsequently recognised items (Hith dotted lines).
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Figure 8.9 JOL effects from the picture block.
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8.4.1. Word Block: SM Effects

Waveforms for subsequent Hits and subsequent Measeshown in Figure 8.6 at
electrodes included in the analyses. For the 550000 ms time window the
outcome of the initial ANOVA was a significant maaffect of conditionF(1,23) =

8.3, p < 0.01] reflecting a widespread increasgasitivity for remembered relative

to missed items with a focus over frontal electrsities (see Figure 8.10).

e Subsequent Recognition
—— Subsequent Miss

+10 pv

TS

0 550 1000 ms

Figure 8.10 SM effect at F2.
The topographic map illustrates the scalp distidng of the SM effect (subsequent Hits minus
subsequent Miss) over the 550-1000 ms time window.

For the 1300-1900 ms time window the initial ANOWavealed a significant
interaction between condition and hemisphdfél23) = 5.6, p < 0.05]. The
analysis seem to reflect the fact that there imalls but significant, SM effect in the
1300-1900 ms time window, characterised by an as®en positivity on the right

relative to the left hemisphere (see Figure 8.11).
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ce Subsequent Recognition
—— Subsequent Miss

+10 pv

0 1300 1900 ms

Figure 8.11 SM effect at C6.
The topographic map illustrates the scalp distidng of the SM effect (subsequent Hits minus
subsequent Miss) over the 1300-1900 ms time window.

8.4.2. Word Block: JOL Effects

Waveforms for study items assigned Low JOLs anahstassigned High JOLs are
shown in Figure 8.7 at electrodes included in thalyses. For the 550 to 1000 ms
time window the outcome of the initial ANOVA was anteraction between

condition, location and hemispherg(].8,41.4) = 5.2, p < 0.05]. The subsidiary
ANOVAs revealed interactions between condition &edhisphere for the parietal
electrode row and between condition, hemisphere satedfor centro-parietal and

parietal electrode rows. The subsidiary analysemsi® reflect a slight increase in
negativity on the right hemisphere with a slightregase in positivity on inferior

electrode sites on the left hemisphere. Theseacdtiens therefore appear to be
unrelated to the positivity visible at anterior @tede sites (where the effect is
maximal). Since this frontal positivity seem priiifyapresent on electrode sites not

included in the first set of analyses, additionaklgses were carried out on
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electrode sites at anterior locations (FP1, FPB afd AF4)'. Data were analysed
using ANOVA with factors of category (High JOL vassLow JOL), location
(fronto-polar, anterior-frontal) and hemispherdt(laght). The analyses revealed a
significant main effect of conditionF[1,23) = 6.8, p < 0.05] and a significant
interaction between condition and locati®{1,23) = 5.6, p < 0.05] confirming the
presence of a positive-going anterior effect whéckarger at fronto-polar relative to

anterior-frontal locations (see Figure 8.12).

............... High JOL
—— LowJOL

AF4

+10 pv

| 1 |
0 550 1000 ms

Figure 8.12 JOL effect at AF4.
The topographic map illustrates the scalp distrims of the JOL effect (High JOL minus Low JOL)
over the 550-1000 ms time window.

For the 1300-1900 ms time window the outcome ofittigal ANOVA revealed
significant interactions between condition and teghere IF(1,23) = 4.7, p < 0.05],
condition, location and hemispherg(2.3,52.9) = 3.1, p < 0.05] and between
condition, hemisphere and sit§(1.5,34.4) = 4.3, p < 0.05]. The subsidiary anadyse
revealed significant interactions between conditod hemisphere at frontal and

fronto-central electrode rows, condition and sitehe frontal electrode row and

M To ascertain that the prefrontal JOL effect isciffreto the word block of Experiment 4, analyses
of the prefrontal electrodes were also carriedayuthe JOL contrast in Experiments 1 and 2. The
results of these analyses are reported in Appeddix
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between condition, hemisphere and site on frontdrak electrode rows. Overall,
the analyses appear to reflect that the JOL eififiettte 1300-1900 ms time window
is a negative-going effect with a focus over leéintal electrode sites (see Figure

8.13).

............... High JOL
—  Low JOL

CP3

+10 pv

1] ]]
N

0o pv

| | |
0 1300 1900 ms

Figure 8.13 JOL effect at CP3.

Zero indicates stimulus onset. The topographic ilaptrates the scalp distributions of the JOL
effect (High JOL minus Low JOL) over the 1300-19@8 time window. The front of the head is at
the top of the map and the scale bar representsizéef the effect ipV.
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Table 8.1 Outcomes of the analysis of the JOL Efizts.
(F = Frontal; FC = Fronto-Central; C = Central; €Rentro-Parietal; P = Parietal).

High JOL/Low JOL

550-1000ms

F FC C CP

Condition
Condition x Hemisphere
Condition x Site

Condition x Hemisphere x Site

F(1.3,30.2)=4.7; p<0.05

F(1,23)=8.4; p<0.001

F(1.7,39.4)=4.6; p<0.05

1300-1900ms

F FC C CP

P

Condition
Condition x Hemisphere
Condition x Site

Condition x Hemisphere x Site

F(1,23)=6.2; p<0.05 F(1,23)=7.4; p<0.05
F(1.4,31.5)=4.9; p<0.05

F(1.8,41.9)=6.6; p<0.01
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8.4.3. Picture Block: SM Effects

Waveforms for subsequent Hits and subsequent Measeshown in Figure 8.8 at
electrodes included in the analyses. For the 550000 ms time window the
outcome of the initial ANOVA was a significant inéetion between condition,
hemisphere and sité-(1.3,28.9) = 4.1, p < 0.05]. The analysis seemeetiect a
widespread positivity with a focus over central clede sites (with a slight
additional negativity present on inferior electraies on the right hemisphere; see

Figure 8.14).

--------------- Subsequent Recognition

Cc2 )
— Subsequent Miss

+10 pv

0 550 1000 ms

Figure 8.14 SM effect at C2.
The topographic map illustrates the scalp distidng of the SM effect (subsequent Hits minus
subsequent Miss) over the 550-1000 ms time window.

For the 1300-1900 ms time window the initial ANOWavealed a significant
interaction between condition and locatioR(1.2,27.0) = 8.9, p < 0.01]. The
subsidiary analyses revealed only a significantnmeffect of condition at the
parietal electrode row. This main effect refleatgative-going activity present over

posterior electrode sites (see Figure 8.15).

182



Chapter 8: Judgments of Learning and Material Sioégi

--------------- Subsequent Recognition
—— Subsequent Miss

P6

+10 pv

0 1300 1900 ms

Figure 8.15 SM effect at P6.
The topographic map illustrates the scalp distidng of the SM effect (subsequent Hits minus
subsequent Miss) over the 1300-1900 ms time window.

8.4.4. Picture Block: JOL Effects

Waveforms for study items assigned Low JOLs anahstassigned High JOLs are
shown in Figure 8.9 at electrodes included in thalyses. For the 550 to 1000 ms
time window the outcome of the initial ANOVA wasgsificant interactions
between condition and locatioR(fL.3,29.3) = 4.6, p < 0.05] and between condition,
location and hemispherdé-(1.4,32.1) = 5.1, p < 0.05]. The subsidiary ANOVAs
revealed main effects of condition from frontaldentral electrode rows. Overall,
the analyses reflect a relatively widespread pasitithat is largest at anterior

electrode sites slightly skewed to the right (sigife 8.16).
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g High JOL
—  Low JOL
+10 pv
=2
s, =
) _'i:f:.:ﬁ‘_“. opv
. i =
g g
INVAYIRE
0o 550 1000 ms

Figure 8.16 JOL effect at F6.
The topographic map illustrates the scalp distiims of the JOL effect (High JOL minus Low JOL)
over the 550-1000 ms time window.

For the 1300-1900 ms time window the outcome of itital ANOVA was a
significant interaction between condition, locatiand site F(3.1,71.0) = 2.8, p <
0.05]. The subsidiary analyses revealed only aifsignt interaction between
condition, hemisphere and site at the centro-friglectrode row. The analyses
seem to reflect that the JOL effect in the 13000186 time window is positive-
going and maximal at centro-parietal inferior elede sites on the right hemisphere

(see Figure 8.17).

............... High JOL
——  Low JOL

FC6

+10 pv

1] ]]
N

ouv

1300 1900 ms

.

Figure 8.17 JOL effect at FC6.
The topographic map illustrates the scalp distiims of the JOL effect (High JOL minus Low JOL)
over the 1300-1900 ms time window.
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Table 8.2 Outcomes of the analysis of the SM effect
(F = Frontal; FC = Fronto-Central; C = Central; €Eentro-Parietal; P = Parietal).

Recognition/Miss

1300-1900ms F FC C CpP P

Condition F(1,23)=5.4; p<0.05
Condition x Hemisphere
Condition x Site

Condition x Hemisphere x Site




Table 8.3 Outcomes of the analysis of the JOL &fec
(F = Frontal; FC = Fronto-Central; C = Central; €Rentro-Parietal; P = Parietal).

High JOL/Low JOL

550-1000ms F FC C CpP

Condition F(1,23)=4.8; p<0.05 F(1,23)=5.0; p<0.05 F(1,23)=4.4; p<0.05
Condition x Hemisphere
Condition x Site

Condition x Hemisphere x Site

1300-1900ms F FC C CP

Condition
Condition x Hemisphere
Condition x Site

Condition x Hemisphere x Site F(1.8,42.4)=4.7; p<0.05
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8.4.5. Word Block: Analyses of Scalp Distribution

The scalp distribution analyses were conductedgualOVA with factors of time
window (early, late), location (frontal, fronto-deal, central, centro-parietal,
parietal), hemisphere (left, right) and site (sigrermid, inferior). For the SM
effects, ANOVA revealed significant interactiongween time and sité=[1.1,25.5)

= 8.7, p < 0.01], reflecting that the early effemthibits a focus over inferior
electrode sites whereas the late effect exhibfteas over superior electrode sites.
For the JOL effects, ANOVA revealed significanteractions between time and
hemisphereH(1,23) = 16.4, p < 0.01], time, location and ské3.1,71.5) = 4.6, p <
0.01] and finally time, hemisphere and sitg1.5,34.9) = 13.8, p < 0.001]. The
analysis reflects that the early effect is charésse by widespread positivity most
prominent at frontal electrode sites, whereasdheéffect exhibits negativity on the
left hemisphere. The reliable interactions thatemewvealed in the analyses indicate
that the early and late SM and the early and I&te dffects are generated by at
least partially non-overlapping sets of neural gatwes, and therefore reflect

distinct classes of cognitive operations.

8.4.6. Picture Block: Analyses of Scalp Distribution

For the SM effects, the ANOVA revealed no signifitahange in distribution over
time (all Fs < 3.4). For the JOL effects, ANOVA revealed sigraht interactions
between time, location and siteé(B.2,74.7) = 5.8, p < 0.05] and between time,
location, hemisphere and site(8.7,84.4) = 2.8, p < 0.05]. The interactions retfle

reduction of the spread of the effect from theye#ul the late time window, from
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widespread fronto-central positivity in the eaiijné window to a more restricted
(and left-sided) centro-parietal maximum in theeldaime window. The scalp
distribution analysis suggest that the early and HOL effects from the picture

block are produced by at least partially distiretsf neural generators.

8.4.7. Analyses of Scalp Distributions across Stimulust@uats

Scalp distribution analyses were carried out to mam@ the topographies of the
word and picture effects in the early and late timiedows, however the analyses

revealed no significant interactions (B < 2.3).

8.4.8. Word Block: SM Effects (Re-analyses)

The time windows from Experiments 1 and 2 did resrs to appropriately capture
the effects in the present experiments. There amynpossible factors which can
explain why this is the case; firstly, in Experineerd and 2 pairs of words were
presented at study whereas the stimuli used inrfitrpeat 4 were single items. The
time it takes for the initial stages of sensory gedceptual processing to occur for
paired associates as opposed to single items aakssarily vary and this in itself
could create differences in timings of the effe@scondly, the picture block of
Experiment 4 used images that were deliberately pdech to discourage
verbalisation during encoding and for that reasamtigpants could have been
forced to rely on study strategies that differ frrose used in Experiments 1 and 2
and the word block of Experiment 4. Thirdly, theeggntation time of the stimuli

were shortened from 3 seconds to 2 seconds in Exeetr 4. The change of
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presentation duration was to avoid the total rugrime of the full experiment
(words and pictures) exceeding two hours. It was also expedhat 3 seconds
would be too long for single-item stimuli potenlyatausing participants to lose

focus.

Through visual inspection of the waveforms an aklérve sets of time windows
was identified and the data were submitted to arsseries of analyses. The time
windows identified were: 300-800 ms post-stimulad 800-1200 ms post-stimulus
for the word block and 600-1500 ms post-stimulus tfee picture block. The
analyses follow the same general logic as the pgiegeexperiments reported in this
thesis (with any exceptions clearly emphasised)raadits from subsidiary analyses
are reported in Tables 8.4 and 8.5. The outcoméhefsecond set of analyses
performed on data from the picture block did notiaie considerably from the first

set of analyses and is for that reason reportégpendix B rather in the main text.

For the 300-800 ms time window the outcome of th#ial ANOVA was a
significant main effect of conditiorF[1,23) = 6.3, p < 0.05] reflecting the presence
of a positive-going SM effect that is relatively despread and focussed over

posterior electrode sites (see Figure 8.18).
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--------------- Subsequent Recognition
—— Subsequent Miss

PZ

+10 pv

0 300 800 ms

Figure 8.18 SM effect at PZ.
The topographic map illustrates the scalp distidng of the SM effect (subsequent Hits minus
subsequent Miss) over the 300-800 ms time window.

For the 800-1200 ms time window the outcome of itidal ANOVA was a

significant interaction between condition and lomatF(1.5,34.6) = 4.3, p < 0.05].
The subsidiary analyses revealed significant mdfacts of condition only at
frontal and fronto-central electrode rows. The ge@$ reflect a positive-going SM

effect present at frontal electrode sites (seerEigul9).

Fp T Subsequent Recognition
— Subsequent Miss

+10 pv

1] ]]
N

0 pv

0 800 1200 ms
Figure 8.19 SM effect at F2.

The topographic map illustrates the scalp distidng of the SM effect (subsequent Hits minus
subsequent Miss) over the 800-1200 ms time window.
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8.4.9. Word Block: JOL Effects (Re-analyses)

For the 300-800 ms time window the outcome of ti¢OQNVA was a significant
interaction between condition, location and hemésph[F(2.0,46.5) = 5.0, p <
0.05]. The subsidiary analyses revealed a sigmifiagateraction between condition
and hemisphere on the parietal electrode row. Tlmsidiary analyses seem to
reflect a slight increase in positivity on the Ie@misphere with a slight increase in
negativity on inferior electrode sites on the lefmisphere. As for the original time
windows, the interactions seem unrelated to theitipibg present at anterior
electrode sites (where the effect is maximal). &itlee frontal positivity seems
primarily present on electrode sites not includethe original analyses, additional
analyses were carried out on electrode sites atiantocations (FP1, FP2, AF3 and
AF4). Data were analysed using ANOVA with factors category (High JOL
versus Low JOL), location (fronto-polar, anterioofital) and hemisphere (left,
right). The analyses revealed a significant mafeatfof condition F(1,23) = 5.1, p

< 0.05] confirming a positive-going effect at aimetocations (see Figure 8.20).

............... High JOL
—  Low JOL

FP2

+10 pv

| ]
)

ouv

0 300 800 ms

Figure 8.20 JOL effect at FP2.
The topographic map illustrates the scalp distiimg of the JOL effect (High JOL minus Low JOL)
over the 300-800 ms time window.
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For the 800 to 1200 ms time window, the outcomehef initial ANOVA was
significant interactions between condition and tmra[F(1.2,28.3) = 8.7, p < 0.01]
and between condition, location and hemisphe(&.8,42.0) = 4.8, p < 0.05]. The
subsidiary analyses revealed significant main &ffexf condition at frontal and
parietal electrode rows and an interaction betwsmdition and site at the centro-
parietal electrode row. Overall, the analyses céfee combination of positivity at
frontal electrode sites with simultaneous negatigit posterior electrode sites (see

Figure 8.21).

............... High JOL
—  Low JOL

P2

+10 pv

1] ]
N

0 pv

0 800 1200 ms

Figure 8.21 JOL effect at P2.
The topographic map illustrates the scalp distiims of the JOL effect (High JOL minus Low JOL)
over the 800-1200 ms time window.
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Table 8.4 Outcomes of the analysis of the SM effect
(F = Frontal; FC = Fronto-Central; C = Central; €Rentro-Parietal; P = Parietal).

Recognition/Miss

800-1200ms

F

FC

CP

Condition
Condition x Hemisphere
Condition x Site

Condition x Hemisphere x Site

F(1,23)=7.7; p<0.05

F(1,23)=5.2; p<0.05




Table 8.5 Outcomes of the analysis of the JOL &fec

(F = Frontal; FC = Fronto-Central; C = Central; €Rentro-Parietal; P = Parietal).

High JOL/Low JOL

300-800ms F FC CP P
Condition
Condition x Hemisphere F(1,23)=4.9; p<0.05
Condition x Site
Condition x Hemisphere x Site

800-1200ms F FC CP P
Condition F(1,23)=4.9; p<0.05 F(1,23)=6.6; p<0.05

Condition x Hemisphere
Condition x Site

Condition x Hemisphere x Site

F(1.2,24.3)=4.6; p<0.05
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8.5. Discussion

The aim of Experiment 4 was to investigate whetrarot the JOL effects that were
observed in Experiments 1 and 2 are material gpeétarticipants completed two
sets of blocks; a single item word block and alsiigm picture block. The results
from the word block showed some similarities bugoatome differences with the
previous JOL studies reported in this thesis. Téwults from the picture block

appeared to be differed from both the previousistudnd the word block, which

would suggest that JOL effects do vary dependinghennature of the stimulus
materials, however, analyses of scalp distributiah not confirm this difference.

Results were first analysed using the original timedows from Experiments 1 and
2 and re-analysed using alternative time windovir fiesults from each experiment

are discussed in turn.

8.5.1. Word Block

The word block gave rise to early widespread anditpe-going SM effects,

whereas the analyses of the later time window Hedean additional positive-going
effect on the right hemisphere. Ideally, the timamdews identified previously

should form the basis for investigations of subseq@experiments, however in the
case of Experiment 4, there are many factors thaldchave influenced the timing
of the effects (such as presentation time, complei stimuli, etc) and thus it was
considered reasonable to carry out alternative yaeal When data were re-
analysed, the distributions of the effects werghsly different; during the 300-800

ms the positive effect shows a posterior focus midiag the SM effects from
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Experiments 1 and 2. By contrast, during 800-12@0the second positive effect
showed a frontal focus, a SM effect that has nenbadescribed previously in this

thesis.

JOL effects in the original early time window wecbaracterised by prefrontal
positivity whereas the later time window revealethegative-going effect on the
left-frontal hemisphere. The anterior effect isachg different from the early JOL

effects seen in Experiments 1 and 2, but the lagativity seems to resemble the
previously observed late JOL effects. Notably, thegative-going effect was

lateralised as in Experiment 1, which is surprisigigen that the scale was
counterbalanced (see Chapter 6). It is possibleyekier, that the unexpected
distribution was partly caused by using a poorlytahad time window; re-analyses
of the data revealed a central and posterior stiatpbution similar to that observed
in Experiment 2. The anterior effect seemed un#ftedy the changing time

windows.

8.5.2. Picture Block

The picture block gave rise to an early positiveagdSM effect restricted to central
electrode locations. Although analyses of the tise window indicated a presence
of positivity at fronto-central and central locait®) the maximum amplitude was
nevertheless found at parietal electrode locatwhsre the effect was negative-
going. When the effect was analysed using an atemtime window of 600-1500

ms, the parietal negativity failed to reach sigmfice. Thus, the SM effects were

small and poorly focused, possibly due to the redit low behavioural
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performance score. It is unclear whether the piosteegativity is related to the
negativity associated with JOLs for verbal stimblit this seems unlikely given

that it is not visible in the JOL contrast.

JOL effects were more prominent than the SM eftead were characterised by
long-lasting frontal positivity followed by rightemisphere positivity at central
electrode locations. Closer examination of the i@wes led to the impression that
the early and late JOL effects in the picture bleeke better characterised as one
continuous effect. The alternative analyses rewdealgnificant frontal to central
positivity, slightly skewed to the right at frontaltes. Neither the SM nor JOL

effects from the picture block resemble effectsrifrany of the word experiments.

Although the separate statistical characterisatminthe word and picture effects
suggest that different stimulus contents give tsalifferent neural correlates of
memory and metamemory, no statistical supporthc ¢laim was provided from
the comparisons of scalp distributions. It is hkehowever, that the lack of
significant site interactions, in this case, isedlection of low statistical power.
Furthermore, the time courses of the effects ajgoetar be inadequately captured by
the original time windows, resulting in the effedtsing poorly localised. Future
studies should therefore aim to investigate theenmst specificity of JOLs by

further using designs that will ensure more statspower.

It is important to note that the word and the piethlocks differed in one essential

aspect besides the apparent nature of the stirméisrial; memory performance
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was considerably worse for pictures than what its war words. Clearly,

participants had more difficulties remembering maten the form of pictures, and
it is possible that the homogeneity of the indooernes was the main underlying
cause of this problem. Since performance was ntthed across the two blocks, it
is impossible to rule out the possibility that SMeets, in particular, would be

different was discrimination higher for pictures.

8.6. Summary and Conclusion

The primary aim of Experiment 4 was to investigateether the JOL specific
effects observed in Experiments 1 and 2 were corgpecific. A secondary aim
was also to investigate the consequences of swigcform paired associates to
single item words as study material. This was dekemecessary for comparison
purposes since the pictures presented were algle siems. It was found that single
item words elicited an early SM effect and a lafd Effect that both seemed to
resemble the effects found in Experiments 1 aratBpugh the time courses were
slightly different (300-800 ms versus 550-1000 md 800-1200 ms versus 1300-
1900 ms). Past experiments reported in this thkaie not demonstrated any
separatdate SM effects, however the present experiment redealelear frontally

distributed positivity. The early JOL effect wasa@lnovel; it was distributed at
anterior rather than posterior electrode sites.e@ithe pattern of ERP effects, it
seems likely that participants engaged in somehef dame cognitive strategies
when encoding and assessing single item words am@dpassociates, however
some strategies also seemed to deviate, whichtisumprising given the important

differences between the word stimuli.
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SM and JOL effects to pictures each seem best ciesised as one positive-going
and long lasting effect, which was widespread i ¢tse of SM and focused on
right-frontal electrode sites in the case of JOBsth these effects appear different
in time course and distribution to the effects séansingle-item words, which
suggest that the underlying processes were sligbglysitive to the change of
stimulus material. On a functional level, this atvs¢ion is compatible with an
inferential theory of JOL: when the nature of thiensli changes, different sets of
cues are available to form the basis of the JOLe Ppresent findings therefore
strongly suggest that metacognitive assessments &erely on multiple neural and
functional processes in much the same manner aongeancoding (Otten & Rugg,

2001a).
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Chapter 9.

Judgments of Learning and the ERP Correlates

of Memory Retrieval

9.1. Introduction

Experiments 1 and 2 revealed a combination of shared independent neural
activity contributing to successful memory encodamgl JOL, suggesting that JOLs
may be based partly on memory encoding operatidasturther investigate the
basis upon which JOLs are made, it is possible xamine the Event-Related
Potentials recorded during the subsequent retri¢asit assessing whether the
measures of familiarity, recollection and postiestal monitoring are modulated by
JOL. The rationale behind this strategy is thatdbesequences JOL assessments
have for the pattern of processes engaged duriagdétempts to retrieve can offer
additional insights into the processes that areleyap during encoding. Before the
underlying principle of the current experiment$ully outlined, a brief reminder of

the characteristics of the ERP retrieval effect$ v provided.
A vast body of literature has established that ERPsuccessfully remembered
items are generally more positive-going than thoseorrectly rejected new items; a

pattern of activity referred to as ‘old/new effédisee Chapter 3). At least three
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distinct old/new effects can be identified and ddsated at retrieval: the mid-
frontal, left-parietal and right-frontal old/newfe€ts, all of which have different

functional interpretations (for a recent review Baegyg & Curran, 2007).

The mid-frontal effect typically occurs between apgpmately 300 and 500 ms
post-stimulus, with a focus over mid-frontal elede sites. The effect has been
mainly associated with the successful recognitibold items, but has sometimes
also been observed for false alarms (new itemsakest for being old; e.g. Curran,
2000; Curran & Cleary, 2003; Nessler et al., 200Mlk et al., 2006). For this
reason, amongst others (see Chapter 3), the midiafreffect is widely believed to
reflect familiarity, which is the sense of havingceuntered an item previously
without retrieval of additional contextual inform@t (Rugg & Curran, 2007, but

also see Paller et al., 2007; Yovel & Paller, 2004)

The left-parietal effect onsets shortly after thal4finontal effect dissipates. This
effect typically occurs between 500 and 800 ms-poistulus, with a focus over
left-parietal electrode sites. Consistent evide(m® Chapter 3) suggests that the
left-parietal effect constitutes the ERP correlaterecollection-based recognition
(see Rugg & Curran, 2007). The functional intertien stems partly from the
observation that the effect is larger for hits canagl to false alarms (Curran et al.,
2001) and for items judged to have beememberedather tharknownto be old
(Curran, 2004; Duzel et al., 1997; Rugg et al.,813ut see Spencer et al., 2000) as
well as the fact that the magnitude of the effeairéases with the amount of

contextual information that has been recovereddij & Rugg, 1996).
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Lastly, the right-frontal effect has been foundotwset shortly after the left-parietal
effect (approximately 800 ms post-stimulus) ancemftasts until the end of the
recording epoch, with a focus over right-frontadlaading sites. Of all three old/new
effects, there seem to be least certainty aboufuhetional interpretation of the
right-frontal effect. Although relatively early sties suggested that the effect
reflected recollection in much the same mannerhasleft-parietal effect, more
recent evidence has led to the understanding hieatight-frontal activity reflects
post-retrieval monitoring processes acting on thedypct of retrieval, possibly

related to decision-making processes (Hayama,e2@038).

To date, there is very limited research literatore differential involvement of
retrieval processes as a function of JOL and tHg studies that exist have used
different operationalisations of familiarity compdr to dual process theorists.
Whereas memory researchers refer to familiaritypmes of two possible routes to
recognition, metamemory researchers generally teféamiliarity in the sense of
perceptual fluencyor ease of processingKoriat & Levy-Sadot, 1999; for an
exception see Daniels, Toth & Hertzog, 2009). Thdggerences partly reflect
inconsistencies in experimental paradigms; mosawelral JOL paradigms do not
assess memory by means of old/new recognition jeddsnbut rather with cued
recall procedures. In cued recall paradigms alsgmeed cues are old and the level
of familiarity is therefore primarily viewed as f#ifentiating between items that
have been frequently (or recently) encounteredhan past. By contrast, in ERP
memory retrieval experiments it is advantageousindude new items and

incorporate an old/new recognition task at tesabhse memory retrieval effects are
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characterised in the literature as the differenceactivity between correctly

identified old items and correctly rejected newmge Thus, under these
circumstances, familiarity refers to participanfiséling of having encountered an
item in the specific study episode preceding tls¢ phase. Familiarity and ease of
processing/perceptual fluency are therefore typicedgarded as distinguishable
phenomena (although one might argue that easeooégsing or perceptual fluency

could falsely lead to positive memory judgmentoagged with familiarity).

The assumptions underlying the paradigm employad fethat the measures of
familiarity, recollection and post-retrieval monittg, when separated according to
JOL at study, will provide an indication of the deg to which processes
consequential to these measures were employed whenlOLs were made.
Differences in terminology mean it is unfeasible ¢compare most previous
behavioural JOL studies of retrieval processes. (defcalfe & Finn, 2008). The
only other known study to investigate judgmentdeafrning from a dual process
theory perspective was carried out by Daniels e(2009). Daniels et al. (2009)
presented participants with a number of single-itgards and instructed them to
make immediate JOLs to each word on a 0-100 scafetest, half of the
participants were presented with all old words nmiged with a number of new
words. For this group the initial task was to make old/new judgment and
following each old judgment participants were askedindicate whether their
decision had been based on familiarity, recollectio no memory. The remaining
half of the participants were presented with wdaeths and asked to complete each

stem using words from the study list. If particiamad no memory of a word
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appropriate for the stem, they were asked to wttiten first words that came to
mind. For this group, after each stem completioartipipants were asked to
indicate whether the production of each word weasetaon familiarity, recollection
or no memory. Daniels et al. (2009) found that wsowhich were recollected,
regardless of group, received significantly higheerage JOLs compared to items
that were recognised based on familiarity or no wrgmat all. It was concluded that
recollection plays a more essential role in thegassent of JOLs compared to
familiarity, because contextual cues availablehattime of study both form a basis

for making JOLs and aid recollection at test.

Considering the results presented by Daniels e{2806), one likely outcome of
Experiment 2 is a modulation of the ERP index ebtiection as a function of JOL;
the higher the JOL the larger the amplitude ofldieparietal effect. If familiarity
does not contribute to the JOL assignment, thefroiotal effect should be the same
across levels of JOL. The anticipated results giefixnent 1, on the other hand, are
different to that of Experiment 2; since particitanvere required to recall the
second word of the word pair, rather than just makeold/new judgment, it is
anticipated that all the recalled items will belffulecollected and no modulation of

the mid-frontal or left-parietal effects shoulddedent.

It is less clear whether JOLs will have any conseges for the amplitude of the
right-frontal effect. Although the current undersdang of the right-frontal effect is
that it reflects post-retrieval monitoring, the exaature of this account is rather

vague. Until recently the effect was believed tdatee to episodic memory
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processes, however recently Hayama et al. (2008)esth that right-frontal effects
are also present when participants are requirediadke semantic decisions about
new items. One possibility is that words receiviragying levels of JOLs at study
will require different degrees of monitoring follavg retrieval. Despite the
difficulties of forming specific hypotheses reganglithe right-frontal effect in the
present experiments, the time window in which #ffect is typically present was

submitted to analysis for exploratory purposes.

9.2. Method

The retrieval data sets from Experiments 1 and &€ darived from a subset of
participants who contributed to the study phase dats of the same experiments.
Participant details therefore deviate slightly frdmse reported in Chapters 5 and 6

and are outlined below.

9.2.1. Experiment 1

Of the 20 participants who contributed to the stptipse data of Experiment 1, 14
of these performed sufficiently to contribute te ttest phase data. This subset of

participants (10 female) had a mean age of 22 é&ahgr27).

Stimulus materials and experimental procedure aomféo those outlined in
Chapter 4 and is also schematically illustratedrigure 5.1 in Chapter 5. Grand
average ERP waveforms were formed for the followiegponse categories: High

JOL Recall (items assigned a high JOL at studygeised as old and for which the
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study partner was recalled), Low JOL Recall (iteamsigned a low JOL at study,
recognised as old and for which the study partnes wecalled) and Correct
Rejections (CR; correctly identified new items). atienumbers of trials were 55, 40

and 85, for High JOL Recall, Low JOL Recall and &fegories respectively.

9.2.2. Experiment 2

Of the 24 participants who contributed to the stpigse data of Experiment 2, 21
performed sufficiently to contribute to the testapb data. This subset of

participants (8 female) had a mean age of 20 (rahig&0).

Stimulus materials and experimental procedure agomféo those outlined in
Chapter 4 and is also schematically illustratedrigure 6.1 in Chapter 6. Grand
average ERP waveforms were formed for the followiegponse categories: High
JOL Hit (items assigned a high JOL at study andctviwere recognised as old),
Medium JOL Hit (items assigned a medium JOL at ytaehd which were
recognised as old), Low JOL Hit (items assigneaw JOL at study and which
were recognised as old) and Correct Rejections (GRrectly identified new
items). Mean numbers of trials were 95, 45, 53 @ndfor High JOL Hit, Medium

JOL Hit, Low JOL Hit and CR categories respectively

9.3. Behavioural Results

The behavioural results from the sample of parictp contributing to the test

phases of Experiments 1 and 2 do not differ comaldg from the behavioural
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results of the full sample contributing to the stythases. The behavioural results
are for that reason not re-reported in this sectimn for completeness, these data

are summarised in Appendix D.

9.4. Event-Reated Potential Results

9.4.1. Experiment 1

The initial ERP analyses comprised assessmentfieoftdst phase ERPs sorted
according to the behavioural response categoriesv UOL Recall, High JOL
Recall and CR. Each of the JOL conditions wasstiedilly compared against CR to

confirm the presence of potential memory retriefédcts.

The ERP data were analysed using the traditiomad twindows that have been
identified in the literature (Allan et al., 1998u&y, 1995; Rugg & Curran, 2007);
300-500 ms (mid-frontal old/new effect), 500-800 (teft-parietal old/new effect)

and 1000-1600 ms (right-frontal old/new effect) pstdmulus. Each contrast was
first analysed using ANOVA, with factors of categgt.ow JOL Recall versus CR
and High JOL Recall versus CR), location (fronfednto-central, central, centro-
parietal, parietal), hemisphere (left, right) atec&ode site (superior, mid, inferior)
followed by five subsidiary analyses on each sdpal@cation when appropriate.
Waveforms for the retrieval effects are shown igufe 9.1 at all electrodes
included in the analyses. The outcomes of the didygi analyses producing

significant results are summarised in Table 9.1.
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9.4.2. Low JOL Recall Effects

For the 300-500 ms time window the initial ANOVAvealed no significant main
effects or interactions (als < 2.0). By contrast, in the 500-800 ms time window
the initial ANOVA revealed a significant main effeaf condition F(1,13) = 12.2, p

< 0.01] along with interactions between conditidncation and hemisphere
[F(1.6,20.6) = 6.1, p < 0.05], condition and sik1.2,15.0) = 5.8, p < 0.05] and
condition, location, hemisphere and site(3.8,48.8) = 4.6, p < 0.01]. The
subsidiary analyses revealed significant main &fef condition across all five
electrode rows, significant interactions betweendition and site at frontal and
fronto-central electrode rows and a significaneiattion between condition and
hemisphere at parietal electrode rows. The outcarhése analyses reflect that the
Low JOL Recall effect in the 500-800 ms time windmna relatively widespread
positive-going effect with a focus over left-paaiketlectrode sites (see Figure 9.2a).
The interactions between condition and site ontédoand fronto-central electrode
rows reflect additional frontal activity which isg@lominantly present over midline-

electrode sites.

For the 1000-1600 ms time window the initial ANOV&vealed a significant main
effect of condition F(1,13) = 7.4, p < 0.05] along with interactions viee¢n
condition and hemispherd=[1,13) = 39.1, p < 0.001], condition, location and
hemisphere H(2.2,28.9) = 3.4, p < 0.05], condition, hemisphaaad site
[F(1.6,20.3) = 5.7, p < 5.7, p < 0.05] and condititmtation, hemisphere and site
[F(4.1,53.0) = 2.7, p < 0.05]. The subsidiary anaysevealed significant main

effects of condition and significant interactioretween condition and hemisphere
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from frontal to centro-parietal electrode rows, rgjowith significant interactions
between condition, hemisphere and site at fromtdlaentro-parietal electrode rows.
The subsidiary analyses confirm that the Low JOlcdeeffect in the 1000-1600
ms time window is a positive-going effect with a&ds over right-frontal electrode
sites (see Figure 9.2c). The significant interacti@tween condition, hemisphere
and site at the frontal electrode row reflects fhet that the effect is largest at
inferior electrode sites on the right hemisphereewghs it is largest at superior
electrode sites on the left hemisphere. SimilaHg, significant interaction between
condition, hemisphere and site at the centro-gErelectrode row seem to reflect
that the effect is largest at inferior electrodesion the right hemisphere whereas it

is largest at mid electrode sites on the left hphese.

9.4.3. High JOL Recall Effects

As for the Low JOL Recall contrast, the initial AN@ on the 300-500 ms time
window revealed no significant main effects or ratgions (allFs < 1.2). By
contrast, for the 500-800 ms time window the ihifl&lIOVA revealed a significant
main effect of conditionH(1,13) = 16.7, p < 0.01] along with interactiondvireen
condition and locationF(1.7,22.5) = 4.8, p < 0.05], condition and si€1[.1,13.8)

= 5.7, p < 0.05], condition, location and hemisghfi(1.4,18.0) = 7.0, p < 0.05]
and condition, location, hemisphere and sk¢3[9,50.1) = 3.3, p < 0.05]. The
subsidiary analyses revealed significant main &ffed condition across all five
electrode rows and an interaction between condéiuth site at the frontal electrode
row. The subsidiary analyses reflect that the Hig. Recall effects in the 500-800

ms time window is also a relatively widespread fesigoing effect. Unlike the
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Low JOL Recall effect, this effect was not statially larger on the left hemisphere
at posterior electrode rows. Rather (and contrarthé impression from the scalp
map in Figure 9.2b), the initial interactions inviolg the factor of hemisphere
reflect how additional activity at the front of thead is slightly skewed to the right,

rather than the left, as is the case at postesigsr

For the 1000-1600 ms time window the initial ANOV#evealed significant
interactions between condition and hemisphé@,[L3) = 21.9, p < 0.001] and
condition, hemisphere and sit&(1.3,17.2) = 9.1, p < 0.01] reflecting relative
widespread positivity on right hemispheric elece®ites (see Figure 9.2c).

——— High JOL Recall

A. P3 —— Low JOL Recall
Correct Rejection

Low JOL High JOL
Recall Recall

0 500 800 ms
B F6
+10 pv
Low JOL High JOL
Recall Recall =5
-
d 8 =
_'::':.b ' \ onv
Y R =
L3 =
] =
| | |
0 1000 1600 ms

Figure 9.2 Memory retrieval effects at represeméaélectrodes.

Panel A: Retrieval effects at P3 during the 500-8@&0time window. Panel B: Retrieval effects at F6
during the 1000-1600 ms time window. The topographap illustrates the scalp distributions of the
effect (Low JOL Recall minus CR and High JOL Reaailhus CR).
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Table 9.1 Outcomes of the analyses of the memarigval effects.

(F = Frontal; FC = Fronto-Central; C = Central; €Rentro-Parietal; P = Parietal).
Low JOL Recall/CR

500-800ms

F

FC

C

CP

P

Condition
Condition x Hemisphere
Condition x Site

Condition x Hemisphere x Site

F(1,13)=7.8; p<0.05

F(1.1,14.1)=7.5; p<0.05

F(1,13)=7.1; p<0.05

F(1.3,16.5)=4.5; p<0.05

F(1,13)=9.0; p<0.05

F(1,13)=14.6; p<0.01

F(1,13)=20.3; p<0.01

F(1,13)=4.9; p<0.05

1000-1600ms

F

FC

C

CP

Condition
Condition x Hemisphere
Condition x Site

Condition x Hemisphere x Site

F(1,13)=9.0; p<0.05

F(1,13)=33.0; p<0.001

F(1.7,22.3)=7.9; p<0.01

F(1,13)=8.2; p<0.05

F(1,13)=22.7; p<0.001

F(1,13)=7.8; p<0.05

F(1,13)=11.0; p<0.01

F(1,13)=4.7; p<0.05

F(1,13)=26.5; p<0.001

F(1.7,22.4)=5.5; p<0.05




High JOL Recall/CR

500-800ms

F

FC

C

CP

P

Condition
Condition x Hemisphere
Condition x Site

Condition x Hemisphere x Site

F(1,13)=10.5; p<0.01

F(1.1,13.9)=7.5; p<0.05

F(1,13)=6.7; p<0.05

F(1,13)=11.1; p<0.01

F(1,13)=23.0; p<0.001

F(1,13)=31.7; p<0.001




Chapter 9: Judgments of Learning and ERP Corretdtbdtemory Retrieval

9.4.4. Comparison of Low and High JOL Recall Effects

The ANOVAs comparing the Low JOL and High JOL Réediects revealed no
significant differences in any of the two lateshéi windows (alFs < 4.3; the first

time window was not included in this analysis bessano effects were evident)

9.4.5. Analyses of Scalp Distributions

Scalp distribution analyses were carried out tatdsth whether the effects in each
time window were generated by separable neuralesyst Since no statistical
differences were evident between low JOL and high Jecall, analyses were
performed on data collapsed across JOL, forming regponse categories: Recall
and CR (topographic maps are provided in Figure). 9The analyses were
conducted using ANOVA with factors of time windowi¢idle versus Late),

location (frontal, fronto-central, central, cenparietal, parietal), hemisphere (left,
right) and site (superior, mid, inferior). The @atime window was not included in
the analyses because no significant effects wersept during 300-500 ms post-

stimulus.

The ANOVA on the rescaled data revealed a sigmfi¢ateraction between time
and locationf(1.5,19.3) = 5.9, p < 0.05], time and hemisph&@[13) = 16.3, p <
0.01], time, hemisphere and sit§(1.3,17.3) = 17.3, p < 0.001] and between time,
location, hemisphere and sitg(5.1,66.4) = 2.4, p < 0.05]. These analyses reflect
the fact that the early effect is positive-goingthwa focus over left posterior

electrode sites, whereas the late effect is chenaetd by positivity over right-
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frontal electrode sites (along with slight negayiviover posterior sites). The
analyses of scalp distributions therefore stromsgiggest that the effects observed in
the 500-800 ms and 1000-1600 ms time windows ardymed by different sets of

neural generators.

300-500ms 500-800ms 1000-1600ms
=2 =2 =2
......... opv i E opv
[ ] [ |
= =
=_2 =_>

Figure 9.3 Distributions of memory retrieval effeétom Experiment 1.
The topographic map illustrates the scalp distridng of the recall effect during three time windows
collapsed across level of JOL (Recall minus CR).

9.4.6. Experiment 2

The initial ERP analyses comprised assessmentsieofteast phase ERPs sorted
according to the behavioural response categories: JOL hits, Medium JOL hits,
High JOL hits and CR. Each of the JOL conditionss vedatistically compared
against CR to confirm the presence of potential orgmretrieval effects.
Following, the JOL conditions were compared aga@asth other. For consistency,
the same time windows and ANOVA structure were eygd as for Experiment 1.
Waveforms for the retrieval effects are shown iguir¢ 9.4 at electrodes included in
the analyses. The outcomes of the subsidiary asmlgsoducing significant results

are summarised in Tables 9.2 and 9.3.
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9.4.7. Low JOL Hits

For the 300-500 ms time window the initial ANOVAvealed a significant main
effect of condition F(1,20) = 13.3, p < 0.01] along with significant @raictions
between condition and sité-([1.1,21.7) = 7.1, p < 0.05] and between condition,
location and hemispherd-(2.0,40.1) = 3.3, p < 0.05]. The subsidiary anayse
revealed significant main effects of condition Htfi@e electrode rows, significant
interactions between condition and site at frorgotl to centro-parietal electrode
rows and a significant interaction between conditibemisphere and site at the
fronto-central electrode row. The subsidiary anedysonfirm that the Low JOL Hit
effect in the 300-500 ms time window is a relatyvelidespread positive-going
effect with a focus over frontal recording siteattts slightly skewed to the right on

the fronto-central electrode row (see Figure 9.5a).

In the 500-800 ms time window the initial ANOVA maled a significant main
effect of condition F(1,20) = 11.5, p < 0.01] along with a significantaraction

between condition, location and hemisphef€1[5,30.6) = 4.1, p < 0.05]. The
subsidiary analyses revealed significant main #ffeaf condition at all five

electrode rows, and significant interactions betweendition and hemisphere at
centro-parietal and parietal electrode rows. THesisliary analyses reflect that the
Low JOL Hit effect in the 500-800 ms time window asrelatively widespread
positive-going effect which is most prominent otiee left hemisphere at posterior

electrode rows (see Figure 9.5b).
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In the 1000-1600 ms time window, the initial ANOV£evealed significant
interactions between condition and hemisph&f&,p0) = 5.2, p < 0.05], condition,
location and siteH(1.8,36.2) = 6.4, p < 0.05] and between conditlmemisphere
and site F(1.7,33.5) = 5.3, p < 0.05]. The subsidiary anaysealed a significant
main effect of condition along with a significamteraction between condition and
site on the parietal electrode row, as well as iB@nt interactions between
condition and hemisphere and between condition,idgrare and site on frontal
and fronto-central electrode rows. The subsidiarglyses reflect the fact that the
Low JOL Hit effect in the 1000-1600 ms time winddsva positive-going effect
with focus over right-frontal electrode sites (sEigure 9.5c). The interaction
between condition, hemisphere and site at fromdlfaonto-central electrode rows
seem to reflect that the effect is largest at dopeglectrode sites on the left
hemisphere but equal across sites on the right dpdrare. The main effects and
interactions on the parietal electrode row refldw presence of a simultaneous

negative-going effect.

9.4.8. Medium JOL Hits

In the 300-500 ms time window the initial ANOVA ealed no significant main
effects or interactions (afs < 3.1). By contrast, in the 500-800 ms time window
the initial ANOVA revealed a significant main effeaf condition F(1,20) = 6.0, p

< 0.05] reflecting the presence of a widespreadtigesgoing effect with a focus

over left-parietal electrode sites (see Figure ©.5b
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In the 1000-1600 ms time window the initial ANOVAewealed significant
interactions between condition and hemisph&f&,p0) = 7.4, p < 0.05], condition,
location and siteH(2.6,52.4) = 4.1, p < 0.05] and between conditlmemisphere
and site F(1.7,34.2) = 3.8, p < 0.05]. The subsidiary anadysevealed significant
interactions between condition and hemisphere anhtét and fronto-central
electrode rows and a significant interaction betweendition and site at the
parietal electrode row. The subsidiary analysedigorthat the effect is positive-
going, with a focus over right-frontal electroddesi (Figure 9.5c). Again, an
additional interaction between condition and siteparietal electrode row seem to

reflect the presence of a simultaneous negativeggeifect.

9.4.9. High JOL Hits

In the 300-500 ms time window the initial ANOVA maded a significant main
effect of condition F(1,20) = 7.8, p < 0.05] reflecting the presence efidespread

positive-going effect with a focus over mid-fronééctrode sites (see Figure 9.5a).

In the 500-800 ms time window the initial ANOVA maled a significant main
effect of condition (1,20) = 38.9, p < 0.001] along with interactionstieen
condition and hemispher&([L,20) = 8.3, p < 0.01], condition and sitg1.1,21.0)

= 7.3, p < 0.05], condition, location and hemisghf(1.7,33.9) = 5.7, p = 0.01],
condition, hemisphere and site(1.4,28.2) = 5.3, p < 0.05] and between condition,
location, hemisphere and site(8.2,63.7) = 3.1, p < 0.05]. The subsidiary anayse
revealed significant main effects of condition &sroall five electrode rows,

significant interactions between condition and sphere on centro-parietal and
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parietal electrode rows, significant interactioretween condition and site from
fronto-central to parietal electrode rows and digant interactions between
condition, hemisphere and site from central to giati electrode rows. The
subsidiary analyses confirm that the presence @latively widespread positive-
going effect with a clear focus over left-parie¢déctrode rows (see Figure 9.5b).
The interactions between condition and site refthet fact that the effect is most
prominent towards superior electrode sites. Siiyilathe interactions between
condition, hemisphere and site reflect that theatffs largest at mid electrode site

on the left hemisphere and at superior electrads sin the right hemisphere.

In the 1000-1600 m time window the initial ANOVA wvexaled significant
interactions between condition and hemisphd¥€l,p0) = 8.8, p < 0.01] and
between condition, location and site(2.2,44.9) = 5.3, p < 0.01]. The subsidiary
analyses revealed significant interactions betweendition and hemisphere at
frontal, fronto-central, centro-parietal and paietlectrode rows and a significant
interaction between condition and site at the palrielectrode row. The subsidiary
analyses confirm that the effect is positive-gowmigh a focus over right-frontal
electrode sites (see Figure 9.5c). As for the L&@L Hit and Medium JOL Hit
effects, the interactions between condition and eit the parietal electrode row

reflect the presence of a simultaneous negativeggeifect.
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Figure 9.5 Memory retrieval effects at represeméaélectrodes.

Panel A: Retrieval effects at FCZ during the e4890-500 ms) time window. Panel B: Retrieval
effects at P3 during the 500-800 ms time windowndP&: Retrieval effects at F6 during the 1000-
1600 ms time window. The topographic map illustates scalp distributions of the effect (Low JOL
Hits minus CR, Medium JOL Hits minus CR and High_Jdits minus CR).
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Table 9.2 Outcomes of the analyses of the memarigval effects.
(F = Frontal; FC = Fronto-Central; C = Central; €entro-Parietal; P = Parietal).

Low JOL Hits/CR

300-500ms

F

FC

C

CP

P

Condition
Condition x Hemisphere
Condition x Site

Condition x Hemisphere x Site

F(1,20)=7.6; p<0.05

F(1,20)=10.5; p<0.01

F(1.2,23.5)=4.5; p<0.05

F(1.7,34.7)=4.1; p<0.05

F(1,20)=17.0; p<0.001

F(1.2,23.6)=6.7; p<0.05

F(1,20)=17.5; p<0.001

F(1.2,23.3)=8.9; p<0.01

F(1,20)=8.9; p<0.01

500-800ms

F

FC

Cc

CP

P

Condition
Condition x Hemisphere
Condition x Site

Condition x Hemisphere x Site

F(1,20)=7.0; p<0.05

F(1,20)=8.7; p<0.01

F(1,20)=12.3; p<0.01

F(1,20)=10.7; p<0.01

F(1,20)=5.3; p<0.05

F(1,20)=6.9; p<0.05

F(1,20)=6.6; p<0.05

1000-1600ms

FC

CP

P

Condition
Condition x Hemisphere
Condition x Site

Condition x Hemisphere x Site

F(1,20)=8.1; p<0.05

F(1.6,32.3)=4.6; p<0.05

F(1,20)=4.3; p<0.05

F(1.8,41.4)=4.6; p<0.05

F(1,20)=6.3; p<0.05

F(1.1,22.6)=4.2; p<0.05




Medium JOL Hits/CR

1000-1600ms F FC CP P
Condition
Condition x Hemisphere F(1,20)=8.8; p<0.01 F(1,20)=7.4; p<0.05

Condition x Site

Condition x Hemisphere x Site

F(1.2,23.9)=6.5; p<0.05




High JOL Hits/CR

500-800ms

F

FC

C

CP

P

Condition

Condition x Hemisphere

Condition x Site

Condition x Hemisphere x Site

F(1,20)=10.0; p<0.01

F(1,20)=19.2; p<0.001

F(1.2,23.2)=6.7; p<0.05

F(1,20)=39.5; p<0.001

F(1.1,22.0)=8.2; p<0.01

F(1.5,29.7)=6.1; p<0.05

F(1,20)=63.8; p<0.001

F(1,20)=17.6; p<0.001

F(1.1,22.6)=7.4; p<0.05

F(1.5,29.4)=9.2; p<0.01

F(1,20)=54.6; p<0.001

F(1,20)=20.8; p<0.001

F(1.1,22.4)=4.9; p<0.05

F(1.5,29.1)=10.4; p<0.01

1000-1600ms

FC

Cc

CP

P

Condition

Condition x Hemisphere

Condition x Site

Condition x Hemisphere x Site

F(1,20)=10.7; p<0.01

F(1,20)=5.6; p<0.05

F(1,20)=5.6; p<0.05

F(1,20)=20.4; p<0.001

F(1.1,22.1)=8.2; p<0.01
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9.4.10.Comparison of Low and High JOL Hits

For the 300-500 ms and 1000-1600 ms time windoesjritial ANOVAS revealed
no significant main effects or interactions (Bf < 3.4). By contrast, for the 500-
800 ms time window the ANOVA revealed a significamain effect of condition
[F(1,20) = 6.7, p < 0.05] along with significant irdetions between condition and
location F(1.1,21.9) = 6.2, p < 0.05] and between conditiemisphere and site
[F(1.2,24.4) = 5.1, p < 0.05]. The subsidiary anadysevealed significant main
effects of condition as well as significant intdfass between condition,
hemisphere and site from central to parietal ebeletrrows and a significant
interaction between condition and site at the cepérietal electrode row. The
subsidiary analyses confirm that ERPs to High JOts ldre more positive-going
relative to ERPs to Low JOL Hits over posteriorctiede sites. This effect is equal
across sites on the left hemisphere but is largestuperior electrode sites on the

right hemisphere.

9.4.11.Comparison of Low and Medium JOL Hits

For the 500-800 ms and 1000-1600 ms time windowsrtitial ANOVAS revealed

no significant main effects or interactions (adi< 3.1).

9.4.12.Comparison of Medium and High JOL Hits

Similarly, for the 500-800 ms and 1000-1600 ms timedows the initial ANOVAs

revealed no significant main effects or interacsi¢all Fs < 4.4).
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Table 9.3 Outcomes of the comparisons of memorieket effects.
(F = Frontal; FC = Fronto-Central; C = Central; €Rentro-Parietal; P = Parietal).

Low JOL Hits/High JOL Hits

500-800ms F FC C CP P

Condition F(1,20)=6.5; p<0.05 F(1,20)=16.4; p<0.01 F(1,20)=14.6; p<0.05
Condition x Hemisphere
Condition x Site F(1.3,25.9)=4.0; p<0.05

Condition x Hemisphere x Site F(1.5,29.4)=4.2; p<0.05 F(1.7,33.0)=5.5; p<0.05 F(1.4,27.8)=8.6; p<0.01
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9.4.13 Analyses of Scalp Distributions

As for Experiment 1, scalp distribution analysesrevearried out to establish
whether the effects in the three time windows wggaerated by separable neural
systems. Data were collapsed across JOL, formimg regponse categories: Hits
and CR (topographic maps are provided in Figure). 9Te analyses were
conducted using ANOVA with factors of time windo®&a(ly versus Middle, Early
versus Late, Middle versus Late), location (fronfednto-central, central, centro-

parietal, parietal), hemisphere (left, right) aitd ésuperior, mid, inferior).

The comparison of the early and middle time windowesealed significant
interactions between time and locatidf(1.2,23.8) = 8.0, p < 0.01] and between
time and hemispheré(1,20) = 8.3, p < 0.01]. The comparison of theyarld late
time windows revealed significant interactions bstw time and hemisphere
[F(1,20) = 10.3, p < 0.01], time and sit§(.1,22.4) = 5.9, p < 0.05] and between
time, location and siteF[2.6,52.4) = 3.1, p < 0.05]. The comparison betwten
middle and late time windows revealed significameractions between time and
location [F(1.1,22.3) = 4.5, p < 0.05], time and hemisphdt€l 0) = 22.3, p <
0.001], time and siteF(1.2,23.2) = 11.0, p < 0.01], time, location ande si
[F(1.8,36.8) = 4.9, p < 0.05] and between time, hphese and siteF(1.2,25.0) =
10.0, p < 0.01]. Altogether these analyses reftbat the three retrieval effect
depicted in Figure 9.6 are produced by differets s neural generators; the early
effect is characterised by mid-frontal positivitige middle effect is characterised by
left-parietal positivity, and finally, the late efft is characterised by right-frontal

positivity with additional negativity at mid poster electrode sites.
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Figure 9.6 Distributions of memory retrieval effeftom Experiment 2.
The topographic map illustrates the scalp distidng of the recognition effects during three time
windows collapsed across level of JOL (Hits min)C

9.5. Discussion

The current experiments investigated the conse@sed®©L assessments have for
the engagement of retrieval processes during metesty. Measures of familiarity,
recollection and post-retrieval monitoring were asbéd using ERPs that were
acquired time-locked to the onset of cues and |dtesg cued recall (Experiment
1) and recognition (Experiment 2) memory taskstgescued recall produced left-
parietal (recollection) and right-frontal (postfieval monitoring) effects but not a
statistically reliable mid-frontal effect (familidy). Neither of the ERP effects were
differentially engaged for items assigned low verhigh JOLs at study. By
contrast, old/new recognition tests produced threkable retrieval effects.
Moreover, while the mid-frontal and the right-frahteffects were equal across
different levels of JOL, the left-parietal effecasvclearly modulated by JOL; the
higher the JOL the larger the effect. These resuconsistent with the assumption
that contextual cues, which later support the reppwf episodic memory for the
study items, provide a reliable basis for making i he findings from each of the

respective experiments will be discussed in tutovee
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9.5.1. Experiment 1

It is slightly surprising that cued recall task d$e Experiment 1 did not reveal any
evidence of a mid-frontal old/new effect. Notabhgwever, the sample size was
rather small ll=14) and the lack of an effect could therefore havenbdue to low

power. Although left-parietal effects have beenesbed in the absence of mid-
frontal effects previously (e.g. Yovel & Paller,@), it is difficult to interpret this

null result. The presence of frontal activity dgyrithe 500-800 ms time window
could signify that the mid-frontal effect of fanality occurred later than expected,
however this possibility has not been exploredherrtdue to the overlap in time

course with the left-parietal effect.

The more important finding from Experiment 1 waattthe left-parietal effect was
of comparable size for the Low JOL and High JOL &leconditions. It is slightly

problematic that the High JOL Recall effect was statistically larger over the left
hemisphere; however since the effect exhibitedlamtime course and morphology
to the Low JOL Recall effect, it would be difficutb argue against similar
functional interpretations. The lack of a moduatiof the left-parietal effect is
consistent with the foregoing predictions; whentipgrants performed the cued
recall task, trials included in the ERPs were &a@n of the low and high JOL

items that were fully recollected.
Investigations of the 1000-1600 ms time window eded evidence of a right-
frontal old/new effect which was, as the left-ptaieffect, equal across conditions.

Although the analyses of the High JOL Recall effaclicated the presence of an

229



Chapter 9: Judgments of Learning and the ERP Gde®bf Memory Retrieval

additional negative-going effect at parietal eleda sites, this effect is likely
reflecting the late posterior negative slow wawse(8Volk et al., 2006) and will not
be considered further. Visual examinations of treveforms (see Figures 9.1 and
9.2c) also give the impression that the Low JOL&Rezondition produces an effect
which is slightly more positive-going relative tagH JOL Recall. Whether this
difference is real or reflects noise is hard toaklsh given the power issues
mentioned above. What significance such a diffezamould have if it were real is
also hard to conceptualise. The current understgndithat the right-frontal effect
reflects some kind of monitoring of the product(episodic or semantic) memory
retrieval; possibly the product of Low JOL Recall more effortful to monitor,
however no further speculations will be broughtwiard due to the lack of
statistical differences across conditions. At theirongest the results from
Experiment 1 suggest that retrieval effects aredifé¢rentially engaged for items

assigned high and low JOLs at study when memaagsgessed through cued recall.

9.5.2. Experiment 2

In contrast to Experiment 1, there was clear evidesf mid-frontal effects during
the 300-500 ms time window for Experiment 2; botwLJOL Hits and High JOL
Hits produced effects believed to signify familigrbased recognition and these
were equal in magnitude. Surprisingly, however, Medium JOL Hits condition
did not produce a reliable effect in the early timedow. From the waveforms in
Figures 9.4 and 9.5a, however, it seems clearetifiatts are present but seemingly
did not reach significance. The most likely explaorato the lack of a reliable mid-

frontal effect for Medium JOL Hits is therefore kaof power; consistent with this
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interpretation, fewer trials were included in thedium JOL Hits condition (45)
compared to Low JOL Hits (53) and High JOL Hits)(9bhis was because Medium
JOL Hits only comprise JOL responses of ‘3" wheréasv and High JOL Hits

comprise ‘1+2’ and ‘4+5’ responses respectively.

The left-parietal effect observed in Experiment &svelearly modified by the JOL
responses made at study; the higher the JOL rdientarger the effect. Statistically
the effect was present for all three conditionsyéwer whereas High JOL Hits were
significantly larger than Low JOL Hits, Medium J®lits did not differ statistically
from either Low JOL or High JOL Hits. Neverthelefi®ese outcomes suggest that
the ERPs to the Medium JOL Hits fit between Low JDId High JOL Hits and this
is also the impression gained from Figures 9.4 @ith. The correlation between
JOL and the magnitude of the left-parietal effexmbined with the lack of a
modulation of the mid-frontal effect, suggest tbaty processes consequential to
conscious recollection, and not familiarity, prazidases for making JOLs at study
— an observation which is consistent with the behaal findings provided by
Daniels et al. (2009). One remaining question comeehe specifics of the
processes that later recollection is contingentnugne possibility, which is also
raised by Daniels et al. (2009), is that partictpamake use of contextual cues at
the time of study when they make JOL decisions #rad these cues later aid
conscious recollection at the time of retrieval.nele, by this view, the same
properties of an item are assessed at study asreasssessed at test when

participants decide whether an item has previobsgn encountered.
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As in Experiment 1, all conditions showed evidente&ght-frontal old/new effects
(in addition to late posterior negative slow wavglk et al., 2006), which were
equal in magnitude. Since modulations of the ¢$feeere evident, and no clear
hypotheses had been outlined regarding a poterglationship with JOLs, the

right-frontal effects were not further discussedhis chapter.

9.6. Summary and Conclusion

The aim of examining the retrieval phase ERPs fEtperiments 1 and 2 was to
investigate whether JOLs made at study have angecprences for the pattern of
retrieval processes engaged during cued recall giixent 1) and recognition
(Experiment 2). Tests of cued recall produced peftetal and right-frontal effects
that were equal for Low JOL Recall and High JOL &kcbut there was no
evidence of mid-frontal effects (possibly due toklaf power). Recognition tests
produced mid-frontal, left-parietal and right-fraheffects; however only the left-
parietal effect correlated with JOL (higher JOLsreveassociated with larger
effects). These results strongly suggest that qmigcesses leading to later

recollection form a reliable basis for making J@t.study.
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Chapter 10.

Judgments of Learning and the ERP Correlates

of Memory Retrieval for Pictures

10.1. Introduction

Having established that the neural correlates disJ® pictures and words are
different, the next step was to further investighte material specificity of the JOL
effects by examining the ERPs during the retriephhse of Experiment 4.
Specifically, the question is: will JOL be refledten the neural correlate of

recollection-based retrieval in the same mannén &xperiment 2?

As highlighted in Chapters 3, the nature of SM @#es profoundly sensitive to

numerous aspects of the study episode, such ashtiiee of encoding task, the
intentions to encode and the types of stimulus risdtehe latter of which is the

focus of the present chapter. Unlike SM effedts, literature on memory retrieval
effects reports surprising resistance to changestimmulus materials. For example,
the mid-frontal effect, believed by many researsherconstitute an ERP correlate
of familiarity*?, has been found for words (Curran, 2000; Nesdeal.e 2001),

pictures (Curran & Cleary, 2003), faces (Curran &nkock, 2007) and even

12 See Chapter 3 for an alternative functional irmetgtion of the mid-frontal old/new effect.
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computer-generated two-dimensional polygons (Cuetaal., 2002). Similarly, the

left-parietal effect has been identified in studissng words (Donaldson & Rugg,
1998), line drawings (Curran & Cleary, 2003), latafse/object compound stimuli
(Tsivilis et al.,, 2001) and information presented different modalities

(Schloerscheidt & Rugg, 2004). This collection o¥idence supports the
understanding that the mid-frontal and left-pafieféects are not material-specific
but index generic retrieval processes. This undedshg has, however, been
seriously challenged by a series of recent experisn@vestigating retrieval of face
stimuli (MacKenzie & Donaldson, 2007; 2009; Yick\&ilding, 2008; but also see

Yovel & Paller, 2004).

In one experiment by MacKenzie & Donaldson (2008jtipipants studied faces
paired with names and were later presented withh edicthe studied faces and
names (one after another, separately) intermixed awinumber of new faces and
names. The memory task was first to make old/nelgments to each test item and,
following each ‘old’ judgment, to indicate whethére item was remembered or
familiar. Remembered names elicited the traditioméd-frontal and left-parietal

effects. Remembered faces, in contrast, were agsdcwith an anterior effect that
was present during the time window in which a fedtietal effect was expected

(500-700 ms post-stimulus presentation).

MacKenzie & Donaldson (2009) did not suggest thatdnterior recollection effect

was face-specific primarily because they claimrailar effect was apparent in a

previous study using picture stimuli (Duarte et 2004). Rather, they suggest that
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there are some properties of the stimuli (in additto being non-verbal) which
results in them being recollected in a differentyw@ne possibility, according to
MacKenzie & Donaldson (2009) is that the faces @adpictures are simply more

difficult to remember.

Whether the indoor scenes used as stimulus materthe current experiment will
elicit the typical left-parietal recollection effeor the anterior effect observed by
MacKenzie & Donaldson (2007; 2009) is difficult snticipate. However, the
distribution of the recollection effect is not inrpEnt per se, as it is the modulation
of the ERP index of recollection that is of parlazunterest here. The results from
the retrieval data of Experiment 2 (Chapter 9)ragtp suggested that JOLs made
for word pairs are based on aspects of the studsoée that lead to later
recollectior®. This conclusion was based on the observationiteats receiving
high JOLs at study elicited left-parietal effecfsaogreater magnitude compared to
items assigned low JOLs. Since no modulation of nhd-frontal effect was
evident, it seems that processing leading to l&eriliarity does not contribute

significantly to the JOL decision.

If JOLs for pictures are also based on “recollettielated” processes, the ERP
index of recollection should also be modulated kxp&iment 4. However, when
stimuli are presented in the form of pictures rati@n word, different perceptual
information is available for processing and it ferefore not guaranteed that

participants will base JOLs on the same factorsle@al, the study data from

3 The test data from Experiment 1 showed equalplaftetal effects for items assigned low and high
JOLs at study. Importantly, however, these resuiige obtained using a cued-recall task rather than
recognition, and are therefore not used as a fasggedicting the outcomes of Experiment 4.
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Experiment 4 suggest differences in processinghattime of study). Therefore,
JOLs for pictures could be reliant on factors #ua not predictive of recollection,
but rather on familiarity (such as perhaps peradpfluency) and the possible
outcomes therefore include a modulation of the lianty component or,

alternatively, no modulations of retrieval effeatsall.

In sum, the main goals of the present experimemf(iartto investigate whether the
picture and word block elicit comparable ERP retie effects, and most
importantly (i) to examine whether the ERP retak\effects, if present, are
modulated by JOL in the same manner as for Expatirde(see Chapter 9). To
provide a better controlled comparison across dtimmaterials, the test phase data
were not only analysed for single item picturesddab from single item words (see

Chapter 8).

10.2. Method

The retrieval data sets from Experiment 4 are éerivom a subset of participants
who contributed to the study phase data sets ok#imee experiment. Participant
details therefore deviate slightly from those rég@drin Chapters 8 and are outlined

below.

Of the 24 participants who contributed to the stpigse data of Experiment 4, 21

of these performed sufficiently to contribute t@ ttest phase data. This subset of

participants (14 female) had a mean age of 20 &abg-27).
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The stimulus materials and experimental procedocggorm to those outlined in
Chapter 4 and is also schematically illustratedrigure 8.1 in Chapter 8. Grand
average ERP waveforms were formed for the followiegponse categories: High
JOL Hits (items assigned a high JOL at study antthvivere recognised as old at
test), Low JOL Hits (items assigned a low JOL atgtand which were recognised
as old at test) and Correct Rejections (CR; cdgredentified new items). For the
word block the mean numbers of trials were 54, &@ 20 for High JOL Hit, Low
JOL Hit and CR categories respectively. For theupeblock the mean numbers of
trials were 38, 34 and 57 for High JOL Hit, Low J®it and CR categories

respectively.

10.3. Behavioural Results

The behavioural results from the sample of parictp contributing to the test
phases of Experiment 4 do not differ considerabdynf the behavioural results of
the full sample contributing to the study phasdwe Behavioural results are for that
reason not re-reported in this section, but for gleteness, the data are summarised

in Appendix E.

10.4. Event-Related Potential Results

The initial ERP analyses comprised assessmentfieoftdst phase ERPs sorted
according to the behavioural response categories: JOL Hit, High JOL Hit and
CR. Low JOL Hit and High JOL Hit ERPs were examimgth a common baseline
of CR. Low JOL Hit and High JOL Hit effects werest characterised and analysed

separately and then compared against each other.
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The ERP data were analysed for the traditional timiedows that have been
identified in the literature (Allan et al., 1998u&y, 1995; Rugg & Curran, 2007);
300-500 ms (mid-frontal old/new effect), 500-800 (teft-parietal old/new effect)
and 1000-1600 ms (right-frontal old/new effect) tgstimulus. Each contrast was
first analysed using ANOVA with factors of categgbyw JOL Hit versus CR and
High JOL Hit versus CR), location (frontal, frontentral, central, centro-parietal,
parietal), hemisphere (left, right) and electrodée gsuperior, mid, inferior)
followed by five subsidiary analyses on each sdapdixation. Waveforms for the
retrieval effects are shown in Figures 10.1 (womts) 10.2 (pictures) at electrodes
included in the analyses. The outcomes of the digrgi analyses producing

significant results are summarised in Tables 16dL%0.2.
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Figure 10.1 Memory retrieval effects for words.
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10.4.1 Word Block: Low JOL Hit Effects

For both the 300-500 ms and 500-800 ms time windtwves initial ANOVAS
revealed no significant main effects or interadigall Fs < 2.5). In the 1000-1600
ms time window the initial ANOVA revealed a sigeiint main effect of condition
[F(1,20) = 5.6, p < 0.05] and a significant interantbetween condition and site
[F(1.1,21.6) = 5.0, p < 0.05]. The analysis refletis presence of a widespread
negative-going effect which is focussed over millglectrode sites (see Figure

10.3h).

10.4.2Word Block: High JOL Hit Effects

As for the Low JOL Hit contrast, the initial ANOVAN the 300-500 ms time
window revealed no significant main effects or ratgions (allFs < 3.5). In the
500-800 ms time window the initial ANOVA revealedlpa significant main effect
of condition F(1,20) = 12.1, p < 0.01] reflecting that the HigbLIJHit effect is a
widespread positive-going effect that focussed dettparietal electrode sites (see

Figure 10.3a).

In the 1000-1600 ms time window the initial ANOVAwealed a significant main
effect of condition F(1,20) = 12.0, p < 0.01] and a significant intei@ctbetween
condition and siteH(1,20.1) = 7.5, p < 0.05]. As for Low JOL Hits, thealyses
reflect the presence of a widespread negative-geffert which is focussed over

midline electrode sites (see Figure 10.3b).
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10.4.3.Word Block: Comparison of Low and High JOL Hit Effe

In the 1000-1600 ms time window the ANOVA did neveal any significant main

effects or interactions (all Fs < 2.9).

High JOL Hit
— Low JOL Hit
Correct Rejection

A. P3
+10 pv
LowJOL  High JOL
Hit Hit =5
“ . b oaia =
’ o
- B -
. -
e . =
- E,
| | |
0 500 800 ms
B F6
+10 pv
LowJOL  High JOL
Hit Hit =5
-
- = =
‘ ’ Y
B H
e =
=2
| | |
0 1000 1600 ms

Figure 10.3 Memory retrieval effects at represéveatlectrodes.

Panel A: Retrieval effects at P3 during the 500-8@&0time window. Panel B: Retrieval effects at F6
during the 1000-1600 ms time window. The topographap illustrates the scalp distributions of the
effect (Low JOL Hits minus CR and High JOL Hits m$nCR).

242



Chapter 10: Judgments of Learning and the ERP @teseof Memory Retrieval for Pictures

10.4.4 Picture Block: Low JOL Hit Effects

For the 300-500 ms time window the initial ANOVAsvealed no significant main
effects or interactions (afs < 2.3). For the 500-800 ms time window the initial
ANOVA revealed a significant main effect of conditi [F(1,20) = 6.5, p < 0.05],
along with a significant interaction between coiuditand site F(1.2,23.0) = 5.0, p
< 0.05]. The analysis reflects widespread posjtiwmtith a focus over central

electrode sites (see Figure 10.4a).

For the 1000-1600 ms time window the initial ANOWavealed a significant
interaction between condition, location and hemesph[F(2.4,48.1) = 3.3, p <
0.05]. The subsidiary analyses revealed significatgractions between condition
and hemisphere at frontal and fronto-central edeletrows. The subsidiary analyses
confirm the presence of a positive-going effectahhis focused over right-frontal

electrode sites (see Figure 10.4b).

10.4.5.Picture Block: High JOL Hit Effects

For the 300-500 ms time window the initial ANOVAsvealed no significant main
effects or interactions (afs < 4.2). For the 500-800 ms time window the initial
ANOVA revealed a significant main effect of conditi[F(1,20) = 61.2, p < 0.001]
along with significant interactions between corafitiand location f(1.4,28.3) =
5.5, p < 0.05] and between condition and df€l[1,21.8) = 24.3, p < 0.001]. The
subsidiary analyses revealed significant main &fet condition and significant

interactions between condition and site acrosévalelectrode rows. The analyses
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confirm that effect is characterised by widesprpaditivity focused over midline

fronto-central electrodes (see Figure 10.4a).

For the 1000-1600 ms time window the initial ANOWavealed a significant
interaction between condition and locatioR(1.2,23.7) = 4.1, p < 0.05]. The
subsidiary analyses revealed only a significannne#fiect of condition at the frontal
electrode row reflecting the presence of a posijoimg effect at frontal electrode

sites (see Figure 10.4b).

10.4.6 Picture Block: Comparison of Low and High JOL Hffdets

In the 500-800 ms time window the initial ANOVA maded a significant main
effect of condition F(1,20) = 20.8, p < 0.001], along with significantaractions

between condition and sité([l.1,22.1) = 10.3, p < 0.01] and condition, locatio
and site F(3.4,68.6) = 4.5, p < 0.01]. The subsidiary anadysevealed significant
main effects of condition across all five electrod®vs along with significant

interactions between condition and site from frbmtacentral electrode rows and
significant interactions between condition, hemesgh and site at the parietal
electrode row. Overall, the outcomes reflect tra faat the High JOL Hit effect is
more positive-going compared to the Low JOL Hiteeff a difference which is
widespread but maximal on midline central electsoidightly skewed to the right

over parietal electrodes).

In the 1000-1600 ms time window the initial ANOVAddchot reveal any significant

main effect or interactions (dfis < 2.8).
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High JOL Hit
—— Low JOL Hit
Correct Rejection
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Figure 10.4 Memory retrieval effects at represéveatlectrodes.

Panel A: Retrieval effects at P3 during the 500-8B0time window. Panel B: Retrieval effects at F6
during the 1000-1600 ms time window. The topographap illustrates the scalp distributions of the
effect (Low JOL Hits minus CR and High JOL Hits minCR).
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Table 10.1 Outcomes of the analyses of the mensrigval effects.
(F = Frontal; FC = Fronto-Central; C = Central; €Rentro-Parietal; P = Parietal).

Low JOL Hit/CR

1000-1600ms F FC

Condition
Condition x Hemisphere F(1,20)=5.6; p<0.05 F(1,20)=5.2; p<0.05
Condition x Site

Condition x Hemisphere x Site




High JOL Hit/CR

500-800ms F FC C CP P
Condition F(1,20)=35.6; p<0.001 F(1,20)=44.3; p<0.001 F(1,20)=59.4; p<0.001 F(1,20)=59.0; p<0.001 F(1,20)=29.1; p<0.001
Condition x Hemisphere
Condition x Site F(1.2,23.8)=10.6; p<0.01 F(1.2,23.3)=21.8; p<0.001 F(1.2,24.4)=16.0; p<0.001 F(1.1,22.8)=11.6; p<0.01 F(1.1,21.6)=10.2; p<0.01
Condition x Hemisphere x Site
1000-1600ms F FC C CP P

Condition
Condition x Hemisphere
Condition x Site

Condition x Hemisphere x Site

F(1,20)=5.4; p<0.05




Table 10.2 Outcomes of the comparison of the menredrieval effects.
(F = Frontal; FC = Fronto-Central; C = Central; €Eentro-Parietal; P = Parietal).

High JOL Hit/Low JOL Hit

500-800 F FC C CP P

Condition F(1,20)=11.8; p<0.01 F(1,20)=16.7; p<0.01 F(1,20)=19.6; p<0.001 F(1,20)=18.9; p<0.001 F(1,20)=11.7; p<0.01
Condition x Hemisphere
Condition x Site F(1.4,27.5)=10.6; p<0.01 F(1.3,25.5)=13.4; p<0.01 F(1.3,26.3)=4.8; p<0.05

Condition x Hemisphere x Site F(1.3,26.8)=8.3; p<0.01
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10.4.7 Analyses of Scalp Distributions

Scalp distribution analyses were carried out taldisth whether the effects in the
different time windows were generated by separatgeral systems. Data were
collapsed across JOL for the picture data, forntiig response categories: Hits and
CR. For the word data, the analyses were done eiiph JOL Hit data since the
low JOL Hits did not produce any reliable effectridg the 500-800 ms time
window. The analyses were conducted using ANOVAgictors of time window
(Middle versus Late), location (frontal, fronto-¢esh, central, centro-parietal,
parietal), hemisphere (left, right) and site (sigremid, inferior). 300-500 ms was
not included in the analyses since no effects ywessent during that time window.

The analyses were carried out separately for thre and the picture blocks.

For the word block (see Figure 10.5), the ANOVAeaaled a significant main
effect of condition [F(1,20) = 5.7, p < 0.05] angrsficant interactions between
time and hemispheré(1,20) = 8.9, p < 0.01], time and site(].2,22.4) = 32.5, p <
0.001] and between time, hemisphere and $i(@¢.2,24.9) = 7.3, p < 0.01]. The
analyses confirm that the two retrieval effects preduced by separate neural
generators; the middle effect is characterisedeftyparietal positivity and the late

effect is characterised by widespread negativigrowidline electrode sites.
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Figure 10.5 Distributions of memory retrieval etlerom the word block.
The topographic map illustrates the scalp distidng of the recognition effects for words during
three time windows for High JOL Hit effects (Higbl Hits minus CR).

For the picture block (see Figure 10.6), the ANOVévealed a significant
interaction between time and site(1.1,21.9) = 13.2, p < 0.01] and between time,
location and siteH(1.9,38.0) = 3.8, p < 0.05]. The analyses confinat the middle
and the late retrieval effects are produced byeastl partially non-overlapping
neural generators; the middle effect is charaadrisy fronto-central positivity
focussed over superior electrode sites whereadatbeeffect is characterised by

frontal positivity focussed over inferior electrosi¢es.

300-500ms 500-800ms 1000-1600ms
=2 =4 =2
[ ] [ | [ |

& g

4

Figure 10.6 Distributions of memory retrieval etiefrom the picture block.
The topographic map illustrates the scalp distidng of the recognition effects for pictures during
three time windows collapsed across level of JOits(khinus CR).
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10.5. Discussion

The purpose of examining the retrieval phase daExperiment 4 was again to use
established ERP markers of memory retrieval tostigate the kinds of processes
that JOLs promote, and (in an extension to the worlkChapter 9) to determine
whether these processes differ according to thmeustis materials to which JOLs
were made. The study data of Experiment 4 estaaishat the neural correlates of
JOLs for pictures differ from the neural correlatésIOLs for words (see Chapter
8); however this difference across stimulus mateneeed not be present during
retrieval. On a superficial level, however, thettdata from Experiment 4 has
provided comparable findings to that of Experim2nthe higher the JOL the larger
the magnitude of the ERP indices of recollectiongdther these results clearly
demonstrate that JOL is closely tied to recollectielated processes, whereas the
significance of familiarity processes is less dertaince no reliable effects were

observed in the traditional 300-500 ms time windoweither experiment.

During the later time window of 1000-1600 ms pdsnslus, the word block

elicited a negative-going and centrally distributftect rather than the expected
right-frontal positivity. This effect, which was nonodulated by JOL, does not
resemble the typical distribution of the late pastenegative slow wave (see Wolk
et al.,, 2006) and its functional interpretationuisknown. For pictures, the ERP
effect in the late time window was characterisedrtzyeased positivity over right-
frontal electrode sites. This right-frontal effegtis also not modulated by JOL.

Both the word and the picture effects will therefoot be further discussed.
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10.5.1.Word Block

Surprisingly, there was no statistical evidenceeiher a mid-frontal familiarity
effect or a left-parietal recollection effect feems assigned a low JOL at study. The
only identified retrieval effect from the picturdobk was the left-parietal effect
elicited by High JOL Hits. Notably, however, the weforms shown in Figure 3
suggest that the left-parietal effect was moduldedOL in the same manner as

was demonstrated in Experiment 2.

The absence of reliable retrieval effects in thedmolock is difficult to interpret,
and the safest decision is usually to refrain fdmawing firm conclusions from any
null result. Certainly, there are a number of passreasons for the absence of
effects in the word block, one of which is lack pdwer. Assessment of the trial
numbers across Experiment 2 and 4 does not, howsuggest any important
differenced”. An alternative possibility is that the use of dstuword pairs
(Experiment 2) as opposed to single item wordsidas/a richer study episode and
therefore more contextual information is availalbbe later retrieval. Although
participants were not required to report the seamadd of the word pair at test in
Experiment 2, this information was possibly reacibel when available. Left-
parietal effects have been found to increase witt &mount of contextual
information that is recovered (Vilberg et al., 2096ilding & Rugg, 1996), and for
that reason, it is possible that the statistichhlodity of the left-parietal effect of

Experiment 4 was compromised.

¥ The only noticeable difference is the trial nunsbiar High JOL Hits (54 in the current experiment
and 97 in Experiment 2); however this observat®melatively unimportant given the lack of any
effects for Low JOL Hits, which showed comparabial numbers across experiments.
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10.5.2 Picture Block

As for the word block, no early mid-frontal effeetere evident in the picture block
regardless of JOL made at study. There was, howestatistical support for
retrieval effects for both Low JOL and High JOL #litThese effects did not,
however, show left-parietal distribution equivaléatthat seen for words. Instead,
the effects were widespread with maxima over méllfronto-central electrode
sites. The effects seem to resemble previouslyrregceffects for faces judged
‘remembered’ as opposed to ‘familiar’ (MacKenzie Bonaldson, 2007; 2009),
which provides support for the view that the effecre indeed reflecting

recollection-based recognition.

It is unknown why the recollection effect does awhibit the traditional left-parietal
focus, however, MacKenzie & Donaldson (2009) prexbthat anterior effects may
be consequences of increased performance diffieuity this explanation fits well
with the behavioural results of the current expeninWhereas the hit rate for word
stimuli was well above 70%, the hit rate for pietsirwas slightly below 60%.
Whether performance difficulty is the primary cadisethe unexpected distribution
is merely speculative, however further exploratiaisthe anterior recollection
effect will not be provided here as it falls outsithe scope of this thesis. The
important observations is rather the obvious mddhriaof the effect; as was the
case for Experiment 2, the size of the recollectffiect correlated with the JOL
rating, showing larger amplitudes for recognitidnhah relative to low JOL test

items. This finding strongly suggests that one irtgntt basis for making JOLs for
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pictures is the contextual information availablesatdy, which also increases the

probability of recollection occurring at test.

10.6. Summary and Conclusion

The test data from Experiment 4 showed that re¢imgniof single item words

elicited only a left-parietal effect for High JOLitsl during 500-800 ms post-
stimulus, whereas recognition of pictures produegidble effects during the same
time window for both Low JOL and High JOL Hits. Th#ects in this case did not,
however, show the typical left-parietal distributidout rather had a focus over
midline fronto-central electrode sites. More impaity, the effect was significantly
larger for items assigned High JOL as opposed w 0OL at study, suggesting a
clear correlation between JOLs and the size ofatiterior effect. No effects were
evident during the 300-500 ms time window for eitheondition in either

experiment.

The current findings suggest JOL is predictive aiet recollection for both word
pairs (as demonstrated in Experiment 2) and pistuathough the respective ERP
effects indexing the recollection processes ditfeire distribution. Experiment 4,
therefore adds weight to the hypothesis that cdnéxnformation, which later
ensures recollection of a study episode, servenasnaortant basis for making

JOLs.
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General Discussion

The final chapter of this thesis will provide a suary of the findings from

Experiments 1-4 and attempt to relate these firditoythe existing theoretical
frameworks of metamemory. The purpose of the rebeafas to investigate the
cognitive and neural basis of Judgments of Learnimgugh the use of Event-
Related Potentials; specifically, Experiments 1,a@d 4 compared the ERP
correlates of JOLs and successful memory encodihggters 5, 6 and 8) and also
examined whether JOLs were reflected in the nexoaklates of memory retrieval
(Chapters 9 and 10). Finally, Experiment 3 soughgxamine the neural correlates
of successful encoding in the absence of JOL remeénts to evaluate the
contribution of metamemory to actual memory formati The stimulus materials
used across the experiments varied from word as®ssc{Experiments 1, 2 and 3),
to single item words (Experiment 4 — word block)dasingle item pictures

(Experiment 4 — picture block), allowing the inugation of potential material

specificity of JOL processing. The change from gsancued recall test of memory
retrieval (Experiment 1) to using recognition tegExperiments 2, 3 and 4)

similarly allowed the subtleties of the ERP effa&sorded at both study and test to
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be explored further. Altogether, the four experitserhave provided rich
characterisations of the interaction between menamy metamemory, which has

not been reported previously.

11.1. Summary of Results

11.1.1 Behavioural Results

The series of experiments reported in this thesisewspecifically designed to
investigate the neural correlates of memory andamemory using ERPs. Not
surprisingly therefore, the experiments did not lude any experimental
manipulations that were designed to produce noeélbioural findings. Instead,
existing metamemory manipulations were employedravide a firm basis for the
interpretation of the ERP data. Nonetheless, thieawieural results from the
experiments are summarised below in Tables 11.3-1These were provided
primarily to confirm that participants’ behaviouemained consistent across

experiments.

The distribution of JOL responses were clusteredatds the middle of the scale,
exhibiting the shape of an inverted ‘u’, as conédrby quadratic trends in the data.
The most important aspect of this finding is thattjgipants are making use of the
full scale, and although many ERP trials are Igsthe assignment of medium JOL
responses (JOL = 3), this means that trials in wipiarticipants were presumably
guessing where appropriately excluded. This exafusiirther ensured that the ERP
effects would not be unnecessarily diluted. Itngortant to note that participants

were instructed to make use of the full rating e@hiring the experiment and this is
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likely to have influenced the distribution of resges. The reason why the specific
instructions were given was primarily to ensureuggiotrials to form ERPs for each
response category. If participants were not engmatao respond in this way it is
possible that the responses would have been maostgectd. Clustering would
probably have caused problems in terms of trial bensy, but the pattern of
responses would likely have been a more accurdliectien of the participants’

perceptions.

Similarly, the reaction times for making JOLs aésdnibited quadratic trends for all
Experiments except the picture block of Experiménfwhich showed no main
effect of JOL). The inverted ‘u’ shaped reactiandicurve is a common finding in
the JOL literature (see Son & Metcalfe, 2005) arespmably reflects uncertainty

regarding the memorability of the relevant stimuli.

Table 11.1 Summary of trends in behavioural pertoroe at study.

Experiment Distribution of JOL resp. RT across JOL

1 Quadratic trend n Linear and quadratic trends \ n

2 Linear and quadratic trends /n Linear and quadratic trends \ n
4 (words) Linear and quadratic trends \n Quadratic trend n

4 (pictures) Linear and quadratic trends \n No effect
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Table 11.2 shows the behavioural trends at testhndre also relatively consistent.
For all experiments, the probability of correctlgcalling (Experiment 1) or

recognising (Experiments 2 and 4) items increasét wcreasing JOLs. This

finding is well established in the behavioural J@é&rature and discussed in detail
in Chapter 1. In contrast to the reaction time roess at study, however, the
reaction time at test was negatively correlatedh DL. This finding indicates that
the time it takes to uncover memories for itemggadiunlikely to be remembered is

longer compared to items that were judged likelpeaemembered.

Table 11.2 Summary of trends in behavioural perforoe at test.

Experiment Performance across JOL RT across JOL

N

1 Linear trend / Linear trend

2 Linear and quadratic trends /u Linear trend \

4 (words) Linear trend / Linear and quadratic trends \ n

4 (pictures) Linear and quadratic trends /u Linear trend \

The overall recognition and false alarm rate amarsarised in Table 11.3, along
with the Gamma correlation coefficient (G) ang dhich are both measures of
metamemory accuracy. The recognition rates did diféér considerably across
experiments, with the exception of Experiment 3 ahd picture block of

Experiment 4, which have considerably lower recbgni rates, presumably
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reflecting the lack of a specific encoding task at# use of a relatively

homogenous picture set respectively.

In the wider literature, immediate JOLs are gemgrédund to be moderately
accurate (approximate G of 0.3) and this was dsodase for the experiments
reported in this thesis. Analyses revealed thatdhly significant difference in
accuracy scores (as measured by both G gndiak between the word block with
the lowest accuracy score (Experiment 2) and theug block of Experiment'2
Although this difference is relatively small, itggests that pictures are more easily

assessed than words.

Table 11.3: Summary of memory and metamemory acgura
Memory accuracies are displayed as mean perceatafjeorresponding S.E.

Experiment Recog. rate False alarm rate G da
1 77.0 (3.2) 12.3 (3.6) 0,29 0.40
2 79.1 (1.4) 16.4 (2.2) 0,26 0,37
3 66.1 (2.4) 20.2 (2.0) N/A N/A
4 (words) 75.5 (2.0) 15.7 (1.9) 0,36 0,53
4 (pictures) 59.5 (2.5) 15.5 (1.6) 0,38 0,56

5 One-way ANOVA on G scores across experiments tedea significant effect of experiment
[F(3,88) = 3.9, p < 0.05]. Post hoc comparisons wBbnferroni corrections revealed that
Experiment 2 and the Experiment 4 (pictures) wégaificantly different (p < 0.05). Similarly, the
one-way ANOVA on drevealed a significant effect of experimeR{3,88) = 3.7, p < 0.05]. Post
hoc comparisons with bonferroni corrections reveéagain that Experiment 2 and Experiment 4
(pictures) were significantly different (p < 0.05).

259



Chapter 11: General Discussion

11.1.2.Study ERP Results

ERPs collected during the study phases of the arpats were examined in the
following manner: (i) ERPs to items subsequentlyneenbered were contrasted
against ERPs to items that were subsequently fiengothereby revealing the
appearance d8M effectqPaller et al., 1987) and (ii) ERPs to items rdtkely to

be remembered (High JOL items) were contrastednagd&RPs to items rated
unlikely to be remembered (Low JOL items) therebyealing the appearance of
JOL effects(not characterised previously). The study phadecef from each
experiment are summarised below in Figures 11.11-3,1however before any
detailed discussion of the results from the expenits is provided it is necessary to
briefly outline some issues related to the statidthnalyses and interpretation of the

effects.

Some caution is necessary when evaluating the SiMJ&L effects because the
trials contributing to the two contrasts were thens, simply sorted and averaged
according to different criteria, and the behaviburasults showed reliable
correlations between memory performance and JOltBo(agh these correlations
were weak or moderate at the most). Consequentlyity related to memory
processing could contaminate the appearance of ef€@cts and vice versa. The
overlapping trials are also the reason why thecefevere characterised separately,
without any attempts at direct statistical comparss Higher trial numbers allowed
an examination of JOL effects within trials thatyomcluded subsequent hits in
Experiment 2. The resulting effects were indistisgable from the original effect

and on basis of this observation it was assumedtiigaoriginal JOL effects are
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genuine. However, since it was not possible toyoaunt comparable analyses of SM
effects that were not contaminated by JOL it isasgible to establish whether the
observed SM effects are accurate representatiotieeafeural activity that predicts

future memory.

The SM and JOL effects from the study phases okExgents 1 and 2 are shown in
Figure 11.1. Experiments 1 and 2 employed idenstadly paradigms but slightly
different test paradigms. At study, participants/ sanumber of paired associates
and were asked to make a JOL to each (on a fivat goale). At test, participants
who took part in Experiment 1 were presented whiih apper words of each word
pair from the study phase, intermixed with new la@rds. The initial task was to
make an old/new judgment for each word, indicativigether they remembered
encountering the item during the study phase or Fraitowing each old judgment
they were asked to report (by saying out loud) seeond word of the pair.
Participants who took part in Experiment 2 wereyamlquired to make the initial
old/new judgment. The trials that formed the SM tcast were therefore sorted
based on cued recall performance in Experiment d @m old/new recognition
performance in Experiment 2. The JOL, since theyewaade during the study
phase, should be unaffected by the change of mestuctions (participants were
kept unaware of the test format during the studgsp). Potential differences in
ERP effects between Experiments 1 and 2 were thereéxpected to reflect
changes in memory rather than metamemory relatedepsing. As Figure 11.1
illustrates, no major differences were observedvbenh the two experiments. Both

paradigms elicited positive-going SM effects witbsperior foci during a time
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window of 550-1000 ms post-stimulus. FurthermoreQL J effects with
characteristics similar to the SM effects were albtained in both experiments;
however these effects were followed by negativewgaffects from 1300-1900 ms
post-stimulus. Notably, the late negative-going J@tfects were of different
topographical distribution across the two experiteerwhile the effect from
Experiment 1 was left-hemispheric, the effect frexperiment 2 showed a clear
mid-posterior focus. The most apparent explandtonhis distributional difference
is that the JOL rating scale in Experiment 1 was counterbalanced, whereas it

was in Experiment 2 (see Chapter 4).

The primary aim of Experiment 2 was to attempt tanipulate the SM effect in
isolation, thereby identifying the contribution @ifccessful memory encoding to the
early effect. Experiment 2 failed, however, to gate noteworthy differences.
Instead the experiment generated enough trialdldw @ parametric investigation
of the JOL effect (i.e. the inclusion of Medium J@lals), the analyses of which
strongly suggest that the early JOL effect is ¢yearodulated by JOL whilst the
later effect is not. This difference adds weighttie claim that the early and late

JOL effects are reflecting functionally distincopesses.
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JOL Effects
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Figure 11.1 SM and JOL effects from Experimentad 2.

Since changing the memory test format did not addhe understanding of the
functional interpretation of the early positiveexf that was shared between SM and
JOL, Experiment 3 used an alternative approacmvestigate these effects. By
removing the requirements to make JOLs during thdysphase it was possible to
examine the appearance of SM effects that wereupralsly uncontaminated by
metamemory processing. If the SM effects from Expent 3 were found to be
similar to those of Experiments 1 and 2, this wopitdvide support for the claim
that successful memory encoding operations wer@ @stributing heavily to the
early effects. If, by contrast, the SM effects adrout to be qualitatively different,

this hypothesis would be difficult to defend.
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Figure 11.2 shows the SM effect from Experimentn3which participants were
instructed to press a key to terminate a study tasher than to make JOLs
(followed by a standard old/new recognition tesntical to Experiment 2). The
effect had a later onset time and was longer-lgstwith a frontal, rather than
posterior, focus. These differences in both timarse and apparent topographical
distribution suggest that the processes that wappasting successful memory
encoding in Experiment 3 were dissimilar to thospp®rting successful encoding

in Experiments 1 and 2.

Subsequent Memory Effect

1000-2000 ms: =2

Exp. 3 Widespread positivity.

Focus on right-frontal Ny H
sites. =

Figure 11.2 SM effect from Experiment 3.

Thus far, Experiments 1 and 2 have suggested tiseeage of early positive-going
effects that are shared between successful memeoondeng and JOLs in addition to
late negative-going effects that are specific te.sldrurthermore, the results from
Experiment 3 indicate that the shared ERP defleatimuld reflect JOL-specific SM
effects. Overall, this set of findings correspondsll with the fMRI findings
reported by Kao et al. (2008) who found separate brain regions involved in

memory and metamemory, but also a third set obregthat were active for both

16 Strictly speaking, Experiments 1 and 2 did notvjiie any clear evidence of a memory-specific
ERP effect, although the wide distribution of tharlg effect could hypothetically reflect the
existence of two separate peaks, of which the éfadmponent could represent successful memory
encoding and the dominant posterior component couddresent JOL related processes.
Alternatively, it is possible that memory-specifictivity originates from brain regions that do not
project activity to the scalp and for that reasonat detectable through the use of EEG.
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memory and metamemory. Kao et al. (2005) employectungs in their
investigation of JOLs, which suggests that JOL-gmeactivity may be present
across different kinds of materials. The last ekpent in the series reported in this
thesis was specifically designed to investigate rttagerial specificity of the JOL
effect. To allow direct comparison between encodind JOLS to single item words
and pictures, the experiment consisted of two sgpawithin-participant blocks.
The results from both blocks were first analysddgighe original 550-1000 ms and
1300-1900 ms time windows (reported in Chapteh8yyever visual inspections of
the waveforms suggested that, for the word stinmulparticular, these did not
appropriately capture the ERP effects. Alternatirree windows for the word block
was therefore identified and used for re-analy8talp maps depicting the SM and

JOL effects for both the word and picture blocks suummarised in Figure 11.3.

The single item word block produced SM effects tied earlier onsets compared to
the previous experiments; during 300-800 ms paststis the positive-going

effect was widespread, with a focus over posteziectrode sites. Although the time
course of this effect is different from the earffeets of Experiments 1 and 2, the
distribution appears to be similar. During 800-12@€ post-stimulus, however, the
effect exhibited a frontal focus. The JOL effedts the word block were

characterised by positivity at prefrontal electragtes during 300-800 ms and a
combination of positivity at prefrontal electrodées and negativity over posterior
electrode sites during 800-1200 ms. Although thgatiee-going effect at posterior
electrode sites might possibly be the same as dte hegative effects from

Experiments 1 and 2, the prefrontal positivity hasbeen demonstrated previously.
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It is also unclear whether the frontal SM and J@feas in the late time window
are separate effects or originate from the sameahgenerators. The ERP results
from the word block therefore appears to have ssimdarities to the results from

Experiments 1 and 2, however, there are also steae discrepancies.

Subsequent Memory Effects JOL Effects
300-800 ms: s E2 300-800 ms: E E2
Widespread positivity. o Pre-frontal positivity. . o
Focus on posterior H H
sites. =-2 =-2
Exp. 4
(WOI’dS) 800-1200 ms: 4 : =2 800-1200 ms: i%‘. =2
Frontal positivity. Frontal positivity -
= oW1 combined with posterior . @ i opv
g, negativity. e £,
550-1000 ms: £2 550-1000 ms: { N £2
Widespread positivity ' . ow Widespread positivity % :;%’l.', o
Focus on central sites. - e 8 Focus on right-frontal ‘4 ?« 8
' =2 sites. -T2
Exp. 4
(pictures) =2 =2
1300-1900 ms: 1300-1900 ms: Lo
o pv ¥ N o pv
Posterior negativity. g Right-hemispheric o H
=2 positivity. =2

Figure 11.3 SM and JOL effects from Experiment 4.

The SM effects found in the picture block were eclatgrised by widespread
positivity, with a focus on central electrode sitlesing 550-1000 ms post-stimulus.
During 1300-1900 ms post-stimulus there was noendd of a positive effect;
however a negative-going effect was present ovstepior electrode sités This

late effect from the picture block therefore représ the only negative-going SM

It is unlikely that this effect is related to tkate negative-going JOL-specific effects demonsttat
previously, given that it is present exclusivelytie successful memory encoding contrast.
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effect in this series of experiments. The effectsntd for pictures were relatively
small and diffuse, but because it is not feasibleampare SM and JOL effects
statistically, it is impossible to establish whetlieey do in fact reflect the same
pattern of neural responses or not. Nonethelessialiinspection reveals that in
both cases, and for both time windows, the effe@se characterised by positivity

that was most prominent over central and fronedtedbde sites.

11.1.3.Test ERP Results

ERPs collected during the test phases of the axpeits were sorted based on the
following categories: new items correctly identifi@as new (Correct Rejections;
CR), old items correctly identified as old and whieceived low JOL at study
(Experiment 1: Low JOL Recall; Experiments 2 and_dw JOL Hits) and items
correctly recognised as old and which receivedgha BOL at study (Experiment 1:
High JOL Recall; Experiments 1 and 4: High JOL MitSRPs to the correctly
identified old items were plotted against the baselof CRs, revealing the
appearances ahemory retrieval effect§he retrieval effects from each experiment

(except Experiment 3) are summarised below in Egdrl.4 and 11.5.

ERP memory retrieval effects have been extensiredgarched and the effects that
have been identified have shown more consisten@sa@xperiments as compared
to SM effects. For that reason, clear expectatiegarding the timing, polarity and
distribution of the retrieval effects under invgstion were outlined prior to
statistical analyses. The time courses used fanawag the presence of mid-frontal

familiarity effects, left-parietal recollection effts and right frontal post-retrieval
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monitoring effects were 300-500 ms, 500-800 ms Hd@D-1600 ms post-stimulus
respectively’. As can be seen in Figure 11.4, Experiment 1 didpnoduce any
mid-frontal effects (during 300-500 ms post-stimg)luegardless of the JOL
assigned at study. Although some positivity wasaappt for Low JOL Recall, this
did not reach significance. By contrast, during-800 ms and 1000-1600 ms post-
stimulus, both Low JOL Recall and High JOL Recalbquced left-parietal and
right frontal effects of similar magnitudes. Foethow JOL Recall condition in
particular, there appeared to be some positivitiraital electrode sites during the
500-800 ms time window. One possibility is therefdhat the familiarity effects
were occurring slightly later than the traditiortahe window and shows some
temporal overlap with the later time window, resgtin the effects being masked
by the larger left-parietal effect. At the mostwaver, the results show that the
items from Experiment 1 were recognised on the sba$irecollection and the
strength of recollection was the same for all iteragardless of the JOL assigned at

study.

The pattern of engagement of retrieval processes maticeably different in
Experiment 2; both Low JOL Hits and High JOL Hitoguced mid-frontal and
right-frontal effects of comparable magnitudes. iDgithe later time window, both
JOL conditions in Experiment 2 elicited left-paakeffects; however the effect was
significantly larger for High JOL Hits compared ltow JOL Hits. These findings

are clearly in stark contrast to those of Experitrien

8 Although the timing of the retrieval effects frotie picture block of Experiment 4 seemed to
deviate slightly from the traditional time cour$iee use of alternative time windows did not regult
important difference in the characterisation of ¢ffects.
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Low JOL High JOL
300-500 ms: =2 300-500 ms: =2
No reliable effect. o No reliable effect. o
E -2 E -2
500-800 ms: =2 500-800 ms: =2
Widespread positivity Widespread positivity
Exp.1 with focus on left- z onv with focus on left- z onv
posterior sites. s, posterior sites. E,
1000-1600 ms: 1 £2 1000-1600 ms: £2
Right-frontal positivity. ) o Right-frontal positivity. owv
w25 =,
300-500 ms: j £2 300-500 ms: K
Widespread positivity i ] ouv Widespread positivity opv
with focus on frontal : = = with focus on frontal =
sites. 2 =2 sites. =2
500-800 ms: £2 500-800 ms: =2
Exp. 2 Widespread positivity opv Left-posterior positivity.  *aaass - owv
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posterior sites. g, e =,
1000-1600 ms: = 1000-1600 ms: =2
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; e ouv opv
b ‘v E_z E -2

Figure 11.4 Memory retrieval effects from Experirtgeh and 2.

Both Experiments 1 and 2 produced late right-frbeftects that were equal across
JOL assigned at study. It is unclear what the figirtal effect signifies, however
the lack of JOL modulation suggest that the protlessis supporting this effect is
not affected by metamemory processes. Since no blgaotheses regarding the

right-frontal effect were put forward, the effectlwot be further discussed.
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A summary of the retrieval effects from Experimdnare shown in Figure 11.5.
The effects elicited by single item words followt#ee same pattern as the effects
from Experiment 2, however all except from the-fedrietal effect elicited by High
JOL Hits failed to reach significance. There waglence of statistically robust
effects during 1000-1600 ms post-stimulus; howekrese did not exhibit the right-
frontal distribution as expected. Instead, thecatffevere widespread and negative-
going. Importantly, the magnitude of this unknowifeet was not modulated by

JOL.

There was no statistical evidence of effects inghdy time window for pictures,
however during the 500-800 ms time window, both Lamd High JOL Hits

produced relatively large positive-going effectshwirontal foci. This effect seemed
to correlate with JOL in the same manner as theplafietal effect from Experiment
2 as the effect was significantly larger for HigbLJHits as opposed to Low JOL
Hits. In the latest time window, both Low and Hig@L Hits produced equal right-

frontal effects.
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Low JOL High JOL
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No reliable effect. ot o No reliable effect. , : o

E -2 E -2

500-800 ms: i - =2 500-800 ms: - =2

Exp. 4 i R | . i itivi ey
p No reliable effect. : L ow Left-posterior positivity. L ow
(words) o = P £

2 - _2 - _2

1000-1600 ms: =2 1000-1600 ms: £2
Widespread negativity. \ ‘: o Widespread negativity. owv

E -2 E -2

300-500 ms: . E° 300-500 ms: £ 2
No reliable effect. g " _ow | Noreliable effect. ouv

=P =,

500-800 ms: i = 500-800 ms: i £4

Exp. 4 . iy e , L A
. Widespread positivity SRRy Widespread positivity i L ow
(pictures) | with focus on frontal . B with focus on frontal _—
sites. g, sites. =,
1000-1600 ms: = 1000-1600 ms: =2
Right-frontal positivity. Frontal positivity.

ouv opv

g, g,

Figure 11.5 Memory retrieval effects from Experirnén

11.2. Theoretical Implications

11.2.1.Study ERP Results

The ERP findings from Experiment 1 and 2 have dpadly suggested that JOLs
are associated with brain activity that is panyiaVerlapping with, but also partially
distinct from, those of successful memory encodififnis overlapping ERP
deflection in the early time window could be viewasl evidence in favour of a

direct/trace access approach to metamemory, hovamgapting this conclusion is
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difficult because it implies that the effect in tB@L contrast is in fact exclusively
caused by memory-related activity. This interpietatis unlikely because i) the
JOL effects are larger in magnitude compared toStkeeffect, ii) the effect is still
present in the data from Experiment 2 when memsrgontrolled for and iii) the
results from Experiment 3 suggest that the SM &fface sensitive to the removal
of the requirement to make a JOL. Thus, rather theflecting pure memory
processing, it is likely that the early posteridifeets are in fact reflecting
metamemory related activity or, more likely, anenaiction between memory and

metamemory (i.e. JOL-specific SM effects).

The JOL instructions given to participants takingrtpin Experiments 1 and 2
represent encoding tasks that encourage partisipardct upon the study material.
One shortcoming of Experiment 3 was that partidipavere not given any explicit
encoding tasks, and one cannot confidently conclhdethe early posterior effects
were in fact JOL-related unless additional studies carried out which employ
alternative encoding tasks. The lack of specificogliing instructions in Experiment
3 was presumably also the reason why the memofgrpeance were considerably
lower in Experiment 3 compared to Experiments 1 andn sum, although the
theory of JOL-specific SM effects can currently imade only tentatively, the
findings from Experiments 3 point to the importante played by JOLs in the

production of the posterior SM effects seen in Expents 1 and 2.

Posterior SM effect have previously been tied tte rearning strategies (see

Chapter 1), however it is unclear why participantaild have relied more on rote
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learning in Experiments 1 and 2 compared to Expemim3. An alternative

possibility is that the posterior effect reflectsceding driven by distinctiveness
detection (Fernandez et al., 1998). This interpiaias however inconsistent with
results from a recent experiment investigating BRRP correlates of subjective
distinctiveness ratings (Ames, Skavhaug, Ellis andnaldson, 2009). This

experiment was identical to Experiment 2 reportedhis thesis, with the only
exception that participants made Judgments of mistieness (JODs) instead of
JOLs. Surprisingly, although JODs elicited subsegusemory effects that were
identical to those of Experiment 2, the ERP coteslaof JODs differed markedly
from the ERP correlates of JOL. Items receivinghhiDs were more positive-
going compared to items receiving low JODs and thifference was evident
approximately 250 ms post stimulus. The effect imstally distributed and

changed focus from left-frontal electrode sitesO(8H0 ms) to mid-frontal (550-

1000 ms) and finally to right-frontal electrode esit (1300-1900 ms). The
discrepancies in ERP results cannot be explaineddhavioural differences as
behaviour was remarkably consistent across theexperiments. These findings
strongly suggest that distinctiveness is not thardy force behind the JOLs or SM

effect reported in this thesis.

The JOD Experiment is also interesting with regadodthe interpretation of the late
negative-going JOL effect. If this effect was ictfaelated to response preparation,
it should also have been present for JODs becawesel®D Experiment used a
rating scale that was identical to the one usdekimeriment 2. Hence, the cognitive

processes that are supported by the late negating-rdOL effect do not appear to
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be required for JODs. One interpretation that fbggits this description is that the
late negativity is reflecting working memory proses. Researchers have
established that when working memory load is ineeea this produces an
enhancement of slow-wave activity that seem tombde the late negative-going
JOL effect (Ruchkin, Berndt, Johnson, Ritter, Grafn& Canoune, 1997; Ruchkin,
Johnson, Canoune & Ritter, 1990; Ruchkin, John&mafman, Canoune & Ritter,
1992; Ruchkin, Johnson, Mahaffey & Sutton, 19883cdrding to the Nelson &
Dunlosky’s (1991) MDM principle (see Chapter 1),nmdiate JOLs are based
partly on long-term memory (LTM) processes and Ipawh short-term memory
(STM)/working memory processes. Eventual memoryfgoerance is reliant
exclusively on LTM processes and because partitspancorrectly assign
significance to the knowledge they currently hatdSTM, this adds noise to the
JOL outcome. Activity associated with STM will teéore not be apparent in the
SM contrasts, but if it is contributing to the JALshould be apparent in the JOL
contrast. There are several alternative ways oésthgating the validity of the
MDM interpretation in future studies and the masipable option is to examine the
ERP correlates to delayed JOLs. This is becaus&i® principle predicts that
STM contamination should be abolished followingedag that is long enough to
exceed the duration of information in STM (NelsardaDunlosky, 1991). Other
possibilities include manipulating STM load by, fxample, introducing dual task

conditions.

The word block of Experiment 4 did not show exatllg same pattern of effects as

Experiments 1 and 2. It is important to note, hosvethat the differences are

274



Chapter 11: General Discussion

difficult to assess because the effects from thedviock exhibited a time course
which did not match the time courses identified BRperiments 1 and 2. It
necessarily takes longer to process two words comdp@ just one, and this could
be the reason why the timing of the effects waddettical across the experiments.
While the posterior SM effects present in an editiye window (300-800 ms)
possibly corresponds to the early posterior effé@s Experiments 1 and 2, the
JOL contrast revealed a prefrontal distribution,ameg that the early effects did
not overlap in this case. In a later time windowwkver, the SM and JOL effects
both exhibited frontal foci (notably, the focus epps more prefrontal for the JOL
effect and is combined with negativity at postembectrode sites). Although the
findings from the word block are difficult to fulleconcile with the findings from
Experiments 1 and 2, they demonstrate that early #ifects can exist
independently; offering yet more evidence to sugfgdors other than memory can

support JOLs.

The general rationale behind this series of expamnisiwas to identify the basis on
which JOLs are made as a first step towards tegcimdividuals how to better
predict and take control over their learning. Arklec& Cuddy (1969) speculated
that if memory traces are like other types of inpiginals, then individuals should
be able to make accurate decisions simply by regatthie strength of the appropriate
traces (as per the direct/trace access hypothasis,see King et al., 1980). It is
unclear, however how such “readings” would comeualifathey come about at all.
The present findings do not rule out the possibdit accessing memory traces, but

do suggest that individuals are able to place esiplan factors other than memory,
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an account which is more consistent with Koriat897) cue-utilization theory of
JOL (Koriat, 1997). Cue-utilization theory assuntbat JOLs are products of
evaluations of available cues, believed by thenleato predict future memory (e.g.
experience with material, presentation time eta)e @ompromising possibility is
that JOLs are sometimes based on memory and soeseton other factors;
however memory trace strength is evaluated indyrefdr example, through partial

retrieval attempts.

According to the cue-utilization view, availabilignd use of cues will, naturally,
vary across study materials and learning situatitmss from this perspective it is
expected that the neural correlates of JOLs wifledibetween experiments that
employ word pairs as opposed to single item wosdstianuli. Previous experiments
have also demonstrated that SM effects are semsdia number of factors related
to the learning situation (see Chapter 3), sugggdtiat both successful memory
encoding and metamemory judgments rely on multi@aral systems. That both
the SM and JOL effects from the picture block ofpEmment 4 show few

similarities to the preceding experiments is themrefunsurprising. The effects in
this case were relatively diffuse, with poorly defd time courses, providing
insufficient evidence to claim that successful mgmencoding and JOLs are
associated with distinct ERP effects. The most pment discrepancy between the
picture block and the preceding experiments isetimless, the lack of a negative-

going JOL-specific effect.
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The existence of a late onsetting negative-goinig-gecific effect (Experiment 1,

2 and word block of Experiment 4) suggests thatdihect/trace access theories of
JOL are insufficient, because it indicates that eopmocesses contributing to
metamemory are working independently of memonyifitdeis unclear, however,

whether these late effects are directly associati¢il the JOL decision or rather
reflect processes that operate following the JOtisien. The latter interpretation is
compatible with Nelson & Narens’ (1990) framewoidr fcognitive monitoring,

which claims that monitoring outcomes can initiite engagement of (effective or
ineffective) control strategies (see Chapter 1).tldg account, the reason why the
effect is not present for pictures reflects thet fiwat the particular processes
underlying the effect are not appropriate for pietiostimuli or operate over content

that is less available in pictures.

As outlined previously, it is possible that theslaiegative-going effect is associated
with working memory processes. One alternative vedyconceptualising the
involvement of working memory in JOLs is that paigants are manipulating the
low JOL items in working memory as an attempt t@iave memory for items that
are poorly learnt. This theory of the late negatieeng effect unites the working
memory hypothesis with Nelson and Naren’s (199@niwork of metamemory
control strategies. Importantly, accepting thiswief the JOL-specific effects
implies that the late negative-going effect doeisprovide evidence to suggest that
metamemory and memory operate independently. Tées chot mean, however,
that a direct-access theory is necessarily progidine most accurate general

explanation of the bases of JOLs. This is becawsamnalyses of JOL effect without
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memory confounds from Experiment 2 suggest thad &ie early positive-going
effect operate independently of the processesstigtort actual memory formation

(see Chapter 6).

The exact functional interpretations of the JOLesfie effects are impossible to
establish based on the experiments reported iritiess alone. The presence of the
effects across three experiments does, howevagiréensonfidence that the effects
genuinely reflect relatively stable set of cogratioperations. Future studies should
be particularly concerned with the possibilities sefparating the early positive-
going effects that are associated with JOLs anccessful memory encoding
respectively. This is because the observation tHakLs do elicit this effect
independently of memory is crucial and merits fartexploration. One possibility
is that the memory and metamemory sometimes relhersame neural structures
but that they do so separately. Alternatively, ggstul memory encoding could be
an incidental consequence of JOL-related proces3ihig possibility is supported
by the observation that memory performance declimeen JOLs are no longer
required and that the SM effects changes bothnie tourse and topography (see
Chapter 7). That memory is a consequence of JCdther than the other way
around, is in complete contrast to the assumptiomderlying the direct-access

approach.

All four experiments for which study ERP data wesamined revealed interesting

and novel findings that have highlighted the comitiles of metamemory. Future

research is nevertheless necessary to reach aeobhenderstanding of the
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underlying bases of JOLs. Specifically, the aimusticbe to relate the current
findings to findings from future experiments makungg of delayed JOL paradigms.
Delayed JOLs, as outlined in Chapter 1, are matkr af pre-determined delay
usually filled with the presentation of additiorstiidy items. The particular interest
in delayed JOLs stems from the observations they #ire usually considerably
more accurate compared to immediate JOLs. The aseran accuracy has,
however, not been adequately explained by previamvioural JOL experiments.
Recording ERPs in response to delayed JOLs wilemgally reveal important
differences in neural and cognitive processesdaatenhance the understanding of

the crucial timing aspects of metamemory.

Another focus of future research should concerngtreerality of the JOL effects
observed in the current experiments: are thesetsffgpecifically associated with
memory predictions or do they reflect engagementgeheric metamemory
processes? This question can be addressed by remgnthe ERP correlates of
alternative monitoring judgments such as Ease afiiag Judgments. Some of the
monitoring judgments are not easily compared to slJGlowever, because they
require the use of very different paradigms. Faneple, Feelings of Knowing are
recorded at retrieval and require participantsoggition memory to initially fail
before memory performance on forced-choice tests lwa assessed. Previous
behavioural experiments have failed to observesaratorrelation between various
monitoring judgments (Leonesio & Nelson, 1990; Swmycet al., 2004), however
this does not necessarily imply that no commoraligxist that tie these phenomena

together in terms of their metacognitive qualities.
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11.2.2.Test ERP Results

The rationale behind the assessments of the temtepERPS was to examine
whether the retrieval of high and low JOL itemseIdifferentially on the retrieval
processes that are described in the ERP literéfiureeviews see Allan et al., 1998;
Friedman & Johnson, 2000; Rugg, 1995; Rugg & Cyref®7). Specifically, the
aim was to investigate whether the neural corrslafefamiliarity and recollection
were modulated by the JOL made at study. The exsteof modulations of
retrieval processes (or lack thereof) could provitgghts into the processes that

are engaged at the encoding stage of the experiment

As summarised in the previous section of this Cégaminly Experiment 2 produced
reliable familiarity (mid-frontal) effects. Theraeatwo likely explanations to the
lack of familiarity effects: i) familiarity is prest but the effects are small and failed
to reach significance due to lack of power, andaipiliarity is not operating to a
great enough extent to produce reliable ERP effectfhe mid-frontal familiarity
effects that were recorded in Experiment 2, norefise were equal for items
assigned low and high JOLs at study. This obsematuggests that familiarity is
not modulated by JOL and that encoding processegdisult in later familiarity do

not contribute substantially to the JOL assignment.

Although Experiment 1 did not reveal any reliablal+ftontal effects, left-parietal

effects were evident for both Low JOL Recall andyiHJOL Recall. Since the

9 The independence view of the relationship betweenllection and familiarity propose that either
one of the processes can occur independently obtier (see Jacoby, Toth & Yonelinas, 1993).
Although other views exist (see Joordens & Merikl®93; Knowlton, 1998), independence is
assumed here. A further discussion of the relatipnbetween familiarity and recollection falls
beyond the scope of this thesis.
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observed effects were of equal magnitude, thiscceufgest that recollection does
not specifically contribute to the JOL assignmenbwever, given that memory
performance was assessed by cued recall it is lpjesiat the trials that were
included in the ERPs consisted of a proportion exfognised trials which were
accompanied by vivid recollection. Previous resedras indeed demonstrated that
correct old/new recognition responses can be madbei absence of recollection,
but that recollection is necessary for more denmandetrieval, such as cued recall

(see Chapter 3).

In Experiment 2, trials were included to form ERPsthey were recognised
(regardless of the quality of retrieval). The résuds a clear modulation of the left-
parietal effect; the higher the JOLs the larger ahgplitudes (this trend was also
evident in the word block of Experiment 4, althoutfe effects were less
statistically robust). It therefore seems possibigt participants were relying on
factors that are predictive of subsequent recatiacivhen making JOLs at study.
One possibility is that participants are assessing amount of contextual
information available at study when assigning th&®L and that contextual
information subsequently aids recollection at test,suggested by Daniels et al.
(2009). By contrast, participants might not havensmious access to, and are
therefore unable to assess, the factors that prid@&r familiarity. This does not
imply that such processes are never of importaRoe.example, it is possible that
participants would rely more heavily on non-specédspects of the study episode
(i.e. processing fluency, Begg et al., 1989; Kor2ft00) under dual task conditions

or when response time is limited. When all cogeitiesources are directed towards
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the JOL task and the responses are self-pacech [@gperiment 2), however, the

outcomes are predictions specifically reflecting likelihood of future recollection.

The picture block of Experiment 4 was the only ekpent not to elicit the
traditional left-parietal effect of recollectiomdtead there was a presence of a large
positive effect exhibiting a frontal focus. Thidext was modulated by JOL in the
same manner as the left-parietal effects in Expamisi 2 and the word block.
Although this effect has a frontal distributiors late time course suggests it is not
familiarity related (although this possibility castn be entirely discounted).
Recently, moreover, a series of experiments hameodstrated the existence of a
frontal old/new effect found for recognition of &&; and that seems sensitive to the
same experimental variables as the traditionatpeftetal effect, suggesting that
this effect is also an index of recollection (MacKe & Donaldson, 2007; 2009;
Yick & Wilding, 2008). One interpretation of thisohtal effect is that it reflects
recollection for non verbal material (rather thands per se), suggesting that it may
be expected for the pictures stimuli used in Experit 4. If this assumption is
correct, then all three experiments for which tewieval ERPs were investigated
have shown that ERP correlates of recollectionnaoelulated by the JOL made at
study when memory retrieval is assessed throughusieeof standard recognition

tasks.

11.3. Conclusion

The findings from the series of experiments rembite this thesis have provided

novel insights into the underlying basis of Judgteesf Learning. These insights
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were provided by the use of Event-Related Potentihich allowed the
examination of the neural responses associated lvgth the formation of new
memories and of the subjective experience of hafdnged new memories, as well

as the processes engaged during retrieval of itmsigned low and high JOLs.

The investigation of study phase ERPs led to thderstanding that JOLs are
supported by processes which partly over lap vth,which are also partly distinct
from, memory encoding processes. This finding isonsistent with direct/trace
access theories, but consistent with inferentiabties of metamemory such as
Koriat's (1997) cue utilization view. Investigat®wnf memory retrieval ERP effects
further suggest that when memory and metamemornyegses overlap, this overlap
is specifically relevant to memory encoding proessthat are consequential to
subsequent recollection. These processes possdflgctr the assessment of
contextual information, as recently suggested byi€la et al. (2009). In sum, the
ERP results suggest that JOLs reflect genuine rogtétive assessments, which do

not reduce to, but interact closely with, memorgasting processes.

283



References

Achim A.M. & Lepage, M. (2005). Dorsolateral prefital cortex involvement in
memory post-retrieval monitoring revealed in botlni and associative
recognition testdNeuroimage, 241113-1121.

Allan, K., Wilding, E. L. & Rugg, M. D. (1998). Et¢rophysiological evidence for
dissociable processes contributing to recollectidcta Psychologica, 98
231-252.

Alvarez, J.A. & Emory, E. (2006). Executive functiand the frontal lobes: a meta-
analytic reviewNeuropsychology Review, ,167-42.

Ames, M.E., Skavhaug, I., Ellis, L. & Donaldson,l.D(2009). Neuroimaging
metacognition: could judgments of distinctivenessvjale the basis for
judgments of learningRbstracts of the Psychonomic Society;, 1¥4.

Anderson, N.D., Craik, F.I.M. & Naveh-Benjamin, N1998). The attentional
demands of encoding and retrieval in younger adérahdults: 1. evidence
from divided attention cost®sychology & Aging, 13105-423.

Andreassi, J.L. (2000)Psychophysiology: Human Behavior & Physiological

Responséd™ Ed.). Mahwah, NJ: L. Erlbaum Associates.

284



References

Arbuckle, T.Y. & Cuddy, L.L. (1969). Discriminatioaf item strength at time of
presentationJournal of Experimental Psychology,, 826 - 131.

Atkinson, R. C. & Juola, J. F. (1973). Factorsueficing speed accuracy of word
recognition. In S. Kornblum (Ed.)Fourth International Symposium on
Attention & Performancépp. 583-612). New York, NY: Academic Press.

Atkinson, R. C. & Juola, J. F. (1974). Search aeadiglon processes in recognition
memory. In D. H. Krantz, R. C. Atkinson, R. D. Lu&eP. Suppes (Eds.).
Contemporary development in mathematical psychologgrning, memory,
& thinking (pp. 243-293). New York, NY: Freeman.

Atkinson, R.C. & Shiffrin, R.M. (1968). Human mengoa proposed system and its
control processes. In K.W. Spence & J.T. Spencs.jEthe Psychology of
Learning & Motivation: Advances in Research & Thedvol. 2). New
York, NY: Academic Press.

Baddley, A. & Hitch, G. (1974). Working memory. M.S. Gazzaniga, R.B. Ivry &
G.R. Mangun (2008)Cognitive Neuroscience - The Biology of the M@&d
Ed., pp. 312-363). New York, NY: W.W. Norton.

Begg, I., Duft, S., Lalonde, P., Melnick, R. & Sa&oy J. (1989). Memory
predictions are based on ease of processiugirnal of Memory &
Language, 28610-632.

Baker, J.T., Sanders, A.L., Maccotta, L. & BuckrRei.. (2001). Neural correlates
of verbal memory encoding during semantic and strat processing tasks.

NeuroReport, 121251-1256.

285



References

Benjamin, A.S., Bjork, R.A. & Schwartz, B.L. (1998)he mismeasure of memory:
when retrieval fluency is misleading as a metammammdex.Journal of
Experimental Psychology: General, 155-68.

Benjamin, A.S. & Diaz, M. (2008). Measurement ofatewe metamnemonic
accuracy. In J. Dunlosky & R.A. Bjork. (EdsHandbook of Metamemory
and Memory(pp. 73-94). New York, NY: Psychology Press.

Besson, M. & Kutas, M. (1993). The many facets egetition: a cued-recall and
event-related potential analysis of repeating wandsame versus different
sentence contextdournal of Experimental Psychology: Learning, Meyor
& Cognition, 19 1115-1133.

Blumenfeld, R.S. & Ranganath, C. (2007). Prefrontatex and long-term memory
encoding: an integrative review of findings fromungpsychology and
neuroimagingThe Neuroscientist, 1280-291.

Blumhardt, L.D., Barrett, G., Halliday, A.M. & Css A. (1977). The asymetrical
visual evoked potential to pattern reversal in dmf field and its
significance for the analysis of visual field eff@cBritish Journal of
Ophthalmology, 61454-461.

Brewer, J.B., Zhao, Z., Desmond, J.E., Glover, G&Gabrieli, J.D.E. (1998).
Making memories: brain activity that predicts howlhwisual experience
will be rememberedScience, 2811185-1187.

Bridson, N.C., Fraser, C.S., Herron, JE. & Wildinge.L. (2006).
Electrophysiological correlates of familiarity ireaognition memory and

exclusion taskBrain Research, 111449-160.

286



References

Brown W. (1923). To what extent is memory measurga single recall3ournal
of Experimental Psychology, 877-382.

Cary, M. & Reder, L.M. (2003). A dual-process aatbwof the list-length and
strength-based mirror effects in recognitiodournal of Memory &
Language, 49231-248.

Castel, A. D., McCabe, D. P. & Roediger, H. L. (2Zpdllusions of competence and
overestimation of associative memory for identitems: evidence from
judgments of learning?sychonomic Bulletin & Review, 1407-111.

Chatrian, G.E., Lettich, E. & Nelson, P.L. (1985gn percent electrode system for
topographic studies of spontaneous and evoked E&Bitg American
Journal of EEG Technology, 283-92.

Coles, M.G.H. & Rugg, M.D. (1995). Event-relatedaibr potentials: an
introduction. In M.D. Rugg & M.G.H. Cole<lectrophysiology of Mind:
Event-Related Brain Potentials and Cognitigivol. 15, pp.1-23). New
York, NY: Oxford University Press.

Coltheart, M. (1981). The MRC Psycholinguistic Dtae.Quarterly Journal of
Experimental Psychology, 33A97-505.

Corkin, S. (1968). Acquisition of motor skill aftéilateral medial temporal-lobe
excision.Neuropsychologia6, 255-265.

Corkin, S. (2002). What's new with the amnesic qudatiH.M.? Nature Reviews
Neuroscience,,3153-160.

Craik, F.I.M. & Lockhart, S. (1972). Levels of pexsing: a framework for memory

researchJournal of Verbal Learning & Verbal Behavior, ,1871-684.

287



References

Craik, F.I.M., & Tulving, E. (1975). Depth of pragging and the retention of words
in episodic memoryJournal of Experimental Psychology: General, 104
268-294.

Curran, T. (1999). The electrophysiology of incitedrand intentional retrieval:
ERP old/new effects in lexical decision and rectgni memory.
Neuropsychologica, 3771-785.

Curran, T. (2000). Brain potentials of recollectiand familiarity. Memory &
Cognition, 28 923-938.

Curran, T. (2004). Effects of attention and conficke on the hypothesized ERP
correlates of recollection and familiaritiNeuropsychologia, 420088-1106.

Curran, T. & Cleary, A.M. (2003). Using ERPs to gatisiate recollection from
familiarity in picture recognitionCognitive Brain Research, 1591-205.

Curran, T. & Dien, J. (2003). Differentiating ambdamiliarity from modality-
specific memory processes: an ERP sti$y.chophysiology, 4@79-988.

Curran, T. & Hancock, J. (2007). The FN40O indefeamsiliarity-based recognition
of facesNeurolmage 36464—471.

Curran, T., Schacter, D. L., Johnson, M. K. & SginR. (2001). Brain potentials
reflect behavioral differences in true and falseogmition. Journal of
Cognitive Neuroscience, 1301-216.

Curran, T., Tanaka, JW. & Weiskopf, D.M. (2002)n Aelectrophysiological
comparison of visual categorization and recognitmemory. Cognitive,

Affective & Behavioral Neuroscience, 2-18.

288



References

Cycowicz, Y.M. & Friedman, D. (1999). The effect miftention to learn novel
environmental sounds on the novelty P3 and old/resegnition memory.
Biological Psychology, 585-60.

Daniels, K.A., Toth, J.P & Hertzog, C. (2009). Agirand recollection in the
accuracy of Judgments of Learnifgychology & Aging, 24494-500.
Dawson, G.D. (1951). A summating technique for ckiatg small signals in a large

irregular backgroundlournal of Neurophysiology, 113-3.

Dawson, G.D. (1954). A summation technique for de¢ection of small evoked
potentials Electroencephalogram & Clinical Neurophysiology 66—84.

Diana, R.A., Yonelinas, A.P. & Ranganath, C. (20amaging recollection and
familiarity in the medial temporal lobe: a threevgmonent modelTrends in
Cognitive Sciences, 1379-386.

Donaldson, D. I. & Rugg, M. D. (1998). Recognitioemory for new associations:
Electrophysiological evidence for the role of rdeciion.
Neuropsychologica, 3@77-395.

Donchin, E., Callaway, E., Cooper, R.D.J.E., GW#tR., Hillyard, S.A. & Sutton,
S. (1977). Publication criteria for studies of eedkpotentials (EP) in man.
In J.E. Desmedt (ed.Progress in Clinical Neurophysiology: Attention,
Voluntary Contraction and Event-Related Cerebratéptials(Vol. 1, pp. 1-
11). Basel, Switzerland: Karger.

Donders, F.C. (1868). Over de snelheid van psyehishcessen. Onderzoe-Kingen
Gedaan in Het Physiologisch Laboratorium Der Uttsalie Hoogeschool,
1868-1869, Tweede Reeks, Il, 412-431. Translateldster, W.G. (1969).

Acta Psychologia, 30112-231.

289



References

Duarte, A., Ranganath, C., Winward, L., Hayward, & .Knight, R.T. (2004).
Dissociable neural correlates for familiarity anecallection during the
encoding and retrieval of picturgSognitive Brain Research, 1855-272.

Dunlosky, J. & Bjork, R.A. (2008). The integratedture of metamemory and
memory. In J. Dunlosky & R.A. Bjork. (Eds.ilandbook of Metamemory
and MemoryNew York, NY: Psychology Press.

Dunlosky, J. & Nelson, T. O. (1992). Importancetioé kind of cue for judgments
for learning (JOL) and the delayed-JOL effedemory & Cognition, 20
374-380.

Dunlosky, J. & Nelson, T.0. (1994). Does the savigitof judgments of learning
(JOLs) to the effects of various study activitiepend on when the JOLs
occur?Journal of Memory & Language, 3845-565.

Dunlosky, J. & Nelson, T.O. (1997). Similarity betan the cue for judgments of
learning (JOL) and the cue for test is not the pryndeterminant of JOL
accuracyJournal of Memory & Language, 384-49.

Duzel, E., Yonelinas, A. P., Heinze, H.-J., Mang@®,R., & Tulving, E. (1997).
Event-related brain potential correlates of twdestaf conscious awareness
in memory.Proceedings of National Academy of Sciences U.84A5973-
5978.

Eichenbaum, H., Yonelinas, A.P. & Ranganath, C0O{@0 The medial temporal
lobe and recognition memornnual Review of Neuroscience, 3@3-52.

Eldridge, L.L., Sarfatti, S. & Knowlton, B.J. (200Z'he effect of testing procedure

on remember-know judgmen®sychonomic Bulletin & Review, 839-145.

290



References

Erk, S., Kiefer, J., Grothe, M., Wunderlich, A.Bpitzer, M. & Walter, H. (2002).
Emotional context modulates subsequent memory tefiéeurolmage, 18
439-447.

Fabiani, M. & Donchin, E. (1995). Encoding procesaad memory organization: a
model of the von Restorff effectlournal of Experimental Psychology:
Learning, Memory & Cognition, 2224-240.

Fabiani, M., Karis, D. & Donchin, E. (1990). Effecof mnemonic strategy
manipulation in a von Restorff paradignilectroencephalography &
Clinical Neurophysiology, 7322-35.

Fernandez-Duque, D., Baird, J.A. & Posner, M.l. 0@0 Awareness and
metacognitionConsciousness & Cognition, 924—-326.

Fernandez, G., Effern, A., Grunwald, T., Pezer,ll¢hnerz, K., Dumpelmann, M.,
et al., (1999). Real-time tracking of memory forioatin the human rhinal
cortex and hippocampuScience, 2851582-1585.

Fernandez, G. & Tendolkar, I. (2001). Integratedifb@activity in medial temporal
and prefrontal areas predicts subsequent memorforpence: human
declarative memory formation at the system leBeain Research Bulletin,
55, 1-9.

Fernandez, G. & Tendolkar, I. (2006). The rhinatrtex: ‘gatekeeper’ of the
declarative memory systeffirends in Cognitive Sciences,, B58-362.
Fernandez, G., Weyerts, H., Tendolkar, I., Smid;.@.M., Scholz, M. & Heinze,
H. (1998). Event-Related Potentials of verbal emgdinto episodic
memory: dissociation between the effects of subsegumemory

performance and distinctivene&sychophysiology, 3509-720.

2901



References

Finn, B. & Metcalfe, J. (2008). Judgments of leagnare influenced by memory for
past testJournal of Memory & Language, 589-34.

Fisher, R.P. & Craik, F.I.LM. (1977). Interactiontlveen encoding and retrieval
operations in cued recallDournal of Experimental Psychology: Human
Learning & Memory, 3701-711.

Fisher, R.P., & Craik, F.I.LM. (1980). The effectk elaboration on recognition
memory.Memory & Cognition, 8400-404.

Flavell, J. H. (1976). Metacognitive aspects offgpean solving. In L.B. Resnick
(Ed.), Nature of Intelligence(pp. 231-235). Hillsdale, N.J : L. Erlbaum
Associates.

Fletcher, P.C. Stephenson, C.M., Carpenter, T.Andvan, T., & Bullmore, E.T.
(2003). Regional brain activations predicting swjossmt memory success:
an event-related fMRI study of the influence of @tiag tasks Cortex, 39
1009-1026.

Friedman, D. & Johnson, R., Jr. (2000). Event-Rela®otential (ERP) studies of
memory encoding and retrieval: a selective revigheroscopy Research &
Technique, 516-28.

Friedman, D. & Trott, C. (2000). An event-relatedtential study of encoding in
young and older adultdleuropsychologica, 3%42-557.

Gazzaniga, M.S., Ivry, R. & Mangun, G.R. (2008)gnitive Neuroscience: The
Biology of the Mind3" Ed.). New York, NY: W.W. Norton.

Geraci, L. & McCabe, D.P. (2006). Examining theibdsr illusory recollection:
the role of remember/know instructior®sychonomic Bulletin & Review,

13, 466-473.

292



References

Geraci, L., McCabe, D.P. & Guillory, J.J. (2009)n @terpreting the relationship
between remember-know judgments and confidenceotbeof instructions.
Consciousness & Cognition, 1801-709.

Gillund, G. & Shiffrin, R.M. (1984). A retrieval nu®| for both recognition and
recall.Psychological Review, 91-67.

Goodman, L.A. & Kruskal, W.H. (1954). Measures dfsaeciation for cross
classifications.Journal of the American Statistical Association8, 432-
764.

Goodman, L.A. & Kruskal, W.H. (1959). Measures dfsaeciation for cross
classifications: 1l. Further discussions and rafees. Journal of the
American Statistical Associations,,5423-163.

Greenhouse, S.W. & Geisser, S. (1959). On methotisel analysis of profile data.
Psychometrika, 24€5-112.

Greve, A., van Rossum, M. & Donaldson, D.l. (2008emantic and episodic
memory systems interact through familiarity notaolésction: convergent
behavioural and electrophysiological evidendeurolmage, 34801-814.

Guo, C., Zhu, Y., Ding, J., Fan, S. & Paller, K(@&004). An electrophysiological
investigation of memory encoding, depth of proaegsand word frequency
in humansNeuroscience Letters, 3569-82.

Hacker, D.J., Bol, L. & Keener, M.C. (2008). Metgadion in education. In J.
Dunlosky & R.A. Bjork. (Eds.)Handbook of Metamemory and Memory

(pp. 429-456). New York, NY: Psychology Press.

293



References

Haig, A.R., Gordon, E. & Hook, S. (1997). To scalenot to scale: McCarthy &
Wood revisited Electroencephalography & Clinical Neurophysiolodgy3
323-325.

Hayama, H.R., Johnson, J.D. & Rugg, M.D. (2008)e Télationship between the
right frontal old/new ERP effect and post-retriemabnitoring: Specific or
non-specificNeuropsychologia, 461211-1223.

Hayama, H.R. & Rugg, M.D. (2009). Right dorsolatgnefrontal cortex is engaged
during post-retrieval processing of both episodid aemantic information.
Neuropsychologica, 42409-2416.

Henson, R. (2005). A mini-review of fMRI studies lmiman medial temporal lobe
activity associated with recognition memonQuarterly Journal of
Experimental Psychology, 5840-360.

Hintzman, D.L. (1988). Judgments of frequency amdognition memory in a
multiple-trace memory moddPsychological Review, 9528-551.

Hintzman, D.L. & Curran, T. (1994). Retrieval dynamof recognition memory
and frequency judgments: evidence for separateepsas of familiarity and
recall.Journal of Memory & Language, 33-18.

Hugdahl, K. (1995)Psychophysiology: The Mind Body Perspecti@ambridge,
MA: Harvard University Press.

lidaka, T., Anderson, N.D., Kapur, S., Cabeza, RCé&ik, F.I.M. (2000). The
effect of divided attention on encoding and retiein episodic memory
revealed by Positron Emission Tomographyournal of Cognitive

Neuroscience, 1267-280.

294



References

lzaute, M. & Bacon, E. (2005). Specific effects afi amnesic drug: effect of
lorazepam on study time allocation and on JudgmehtlLearning.
Neuropsychopharmacology, ,3096—-204.

Jackson, O. & Schacter, D.L. (2003). Encoding &gtim anterior medial temporal
lobe supports subsequent associative recognitiearolmage, 21456-462.

Jacoby, L.L. (1991). A process dissociation frameweseparating automatic from
intentional uses of memoryournal of Memory & Language, 3613-541.

Jacoby, L. L. & Dallas, M. (1981). On the relatibips between autobiographical
memory and perceptual learnindournal of Experimental Psychology:
General, 110306-340.

Jasper, H.A. (1958). The ten-twenty system of thérnational federation.
Electroencephalography & Clinical Neurophysiolod, 371-375.

Joordens, S. & Merikle, P.M. (1993). Independenceedundancy? Two models of
conscious and unconscious influenckaurnal of Experimental Psychology:
General, 122462-467.

Joyce, C.A., Paller, KA., Schwartz, T.J. & Kutasgyl. (1999). An
electrophysiological analysis of modality-specdgpects of word repetition.
Psychophysiology, 3&55-665.

Kao, Y.-C., Davis, E.S. & Gabrieli, J.D.E. (200Beural correlates of actual and
predicted memory formatioMNature Neuroscience, &776-1783.

Karis, D., Fabiani, M. & Donchin, E. (1984). P30@damemory: individual

differences in the von Restorff effe€@ognitive Psychology, 1877-216.

295



References

Kelemen, W.L. & Weaver, C.A. (1997). Enhanced metarory at delays: why do
judgments of learning improve over timelournal of Experimental
Psychology: Learning, Memory & Cognition,,2I3394-1409.

Kelemen, W. L., Winningham, R. G. & Weaver, C. A, (2007). Repeated testing
sessions and scholastic aptitude in college stadem@tacognitive accuracy.
European Journal of Cognitive Psychology, #89-717.

Kiefer, M., Schuch, S., Schenck, W. & Fiedler, R0OQ7). Emotion and memory:
event-related potential indices predictive for fdpsgent successful memory
depend on the emotional mood statdvances in Cognitive Psychology, 3
363-373.

Kimball D.R. & Metcalfe, J. (2003). Delaying judgmte of learning affects
memory, not metamemorilemory & Cognition, 31918-929.

King, J.F., Zechmeister, E.B. & Shaughnessy, 198(). Judgments of knowing:
the influence of retrieval practicAmerican Journal of Psychology, ,9829-
343.

Klingberg, T. & Roland, P.E. (1998). Right prefrahtactivation during encoding
but not during retrieval, in a non-verbal pairedasate taskCerebral
Cortex, 8§ 73-79.

Koriat, A. (1997). Monitoring one’s own knowledgarthg study: a cue-utilization
approach to judgments of learningpurnal of Experimental Psychology:
General, 126349-370.

Koriat, A. (2000). The feeling of knowing: some muieoretical implications for

consciousness and contr@lonsciousness and Cognition,1249-171.

296



References

Koriat, A. (2008). Are we frightened because we away? Some evidence from
metacognitive feelings. In B. Uttl, I. Ohta & A.LSiegenthaler (Eds.).
Memory and Emotion: Interdisciplinary Perspectipp. 83-103). Malden,
MA: Blackwell Publishing.

Koriat, A. & Bjork, R.A. (2005). lllusions of compence in monitoring one’s
knowledge during studyJournal of Experimental Psychology: Learning,
Memory & Cognition, 31187-194.

Koriat, A. & Bjork, R. A. (2006). Mending metacodne illusions: a comparison of
mnemonic-based and theory-based procedulesrnal of Experimental
Psychology: Learning, Memory & Cognition,,32133—-1145.

Koriat, A. & Levy-Sadot, R. (1999). Processes ulyieg metacognitive
judgments: information-based and experience-baseditoring of one's
own knowledge. In S. Chaiken, & Y. Trope (EdB)al Process Theories in
Social Psycholog{pp. 483-502). New York, NY: Guilford Publicatians

Koriat, A., Sheffer, L. & Ma’ayan, H. (2002). Compag objective and subjective
learning curves: judgments of learning exhibit @ased underconfidence
with practice Journal of Experimental Psychology: General, 1847-162.

Kucera, H. & Francis, W.N. (1967)Computational Analysis of Present-Day
American EnglishProvidence, RI: Brown University Press.

Kutas, M. & Hillyard, S.A. (1980). Reading sensslesntences: brain potentials
reflect semantic incongruitycience, 207203-205.

Leonesio, R.J. & Nelson, T.O. (1990). Do differemtamemory judgments tap the
same underlying aspects of memodgtirnal of Experimental Psychology:

Learning, Memory & Cognition, 16.64-470.

297



References

Li, J., Morcom, A.M. & Rugg, M.D. (2004). The effiscof age on the neural
correlates of successful episodic retrieval: an E&BRdy. Cognitive,
Affective & Behavioral Neuroscience,279-293.

Luck, S.J. (2005).An Introduction to the Event-Related Potential Teghe.
Cambridge, MA: The MIT Press.

MacKenzie, G. & Donaldson, D.l. (2007). Dissocigtirrecollection from
familiarity: electrophysiological evidence that féiarity for faces is
associated with a posterior old/new effééturolmage 36454-463.

MacKenzie, G. & Donaldson, D.I. (2009). Examinirige theural basis of episodic
memory: ERP evidence that faces are recollectddrdiitly from names.
Neuropsychologia, 42756-2765.

Maki, R.H. & Berry, S.L. (1984). Metacomprehensiointext materialJournal of
Experimental Psychology: Learning, Memory & Cogmiti 10,663-679.

Maki, R.H., Shields, M., Wheeler, A.E. & ZacchilllT.L. (2005). Individual
differences in absolute and relative metacomprebereecuracyJournal of
Educational Psychology, 9723-731.

Markowitsch, H.J., Kalbe, E., Kessler, J., Von &twwusen, H., Ghaemi, M. &
Heiss, W. (1999). Short-term memory deficit aftecdl parietal damage.
Journal of Clinical & Experimental Neuropsycholo@i, 784 — 797.

Mandler, G. (1980). Recognizing: the judgment ofeious occurrence.
Psychological Review, 8252-271.

Mangels, J.A., Picton, T.W. & Craik, F.I. (2001)tténtion and successful episodic
encoding: an event-related potential stu@pagnitive Brain Research, 11

77-95.

298



References

Masson, M.E.J. & Rotello, C.M. (2009). Sources i@fshin the Goodman—Kruskal
Gamma coefficient measure of association: impliceti for studies of
metacognitive processedournal of Experimental Psychology: Learning,
Memory & Cognition, 35509-527.

Mazzoni, G. & Cornoldi, C. (1993). Strategies imdt-time allocation: Why is
study time sometimes not effectivd@urnal of Experimental Psychology:
General, 12247-60.

McAndrews, M.P., Glisky, E.L. & Schacter, D.L. (I88 When priming persists:
long-lasting implicit memory for a single episode amnesic patients.
Neuropsychologia, 25197-506.

McCabe, D.P. & Geraci, L. (2009). The incluencearstructions and terminology
on remember-know judgmentSonsciousness & Cognition, 1801-413.

McCarthy, G. & Wood, C.C. (1985). Scalp distributsoof event-related potentials:
an ambiguity associated with analysis of variancedefs Clinical
Neurophysiology, 6203-208.

Meeter, M. & Nelson, T.O. (2003). Multiple studyals and judgments of learning.
Acta Psychologica, 11323-132.

Merritt, P., Hirshman, E., Hsu, J. & Berrigan, N00Q5). Metamemory without the
memory: are people aware of midazolam-induced aiahes
Psychopharmacology, 17336-343.

Metcalfe, J. (2002). Is study time allocated sélety to a region of proximal

learning?Journal of Experimental Psychology: General, 1349-363.

299



References

Metcalfe, J. & Finn, B. (2008). Familiarity and nietal processes in delayed
judgments of learningJournal of Experimental Psychology: Learning,
Memory & Cognition, 341084-1097.

Mickes, L., Wais, P.E. & Wixted, J.T. (2009). Rdeotion is a continuous process:
implications for dual process theories of recognitmemory Psychological
Science, 20509-515.

Migo, E., Montaldi, D., Norman, K.A., Quamme, J. Mayes, A. (2009). The
contribution of familiarity to recognition memory & function of test format
when wusing similar foils. The Quarterly Journal of Experimental
Psychology, 621198-1215.

Milner, B. (1962). Les troubles de la me 'moire ampagnant des le sions
hippocampiques bilate'rales. In Squire, L.R. (2004¢mory systems of the
brain: a brief history and current perspectidMeurobiology of Learning &
Memory, 82171-177.

Modirrousta, M. & Fellows, L.K. (2008). Medial prental cortex plays a critical
and selective role in ‘feeling of knowing’ meta-memyn judgments.
Neuropsychologia, 4@2958—-2965.

Murdock, B.B. (1997). Context and mediators in @otty of distributed associative
memory (TODAM2).Psychological Review, 10839-862.

Nelson, D.L., McEvoy, C.L. & Schreiber, T.A. (1998)he University of South
Florida word association, rhyme and word fragmenborms.

http://www.usf.edu/FreeAssociation/

Nelson, T.0. (1984). A comparison of current measwf the accuracy of feeling-

of-knowing predictionsPsychological Bulletin, 95109-133.

300



References

Nelson, T.O. & Dunlosky, J. (1991). When peopleidgments of learning (JOLS)
are extremely accurate at predicting subsequerlirabe “delayed-JOL
effect”. Psychological Science, 267-270.

Nelson, T.O., Graf, A., Dunlosky, J., Marlatt, AMalker, D. & Luce, K. (1998).
Effect of acute alcohol intoxication on recall aml judgments of learning
during the acquisition of new information. In: G.akkoni & T.O. Nelson
(Eds.). Metacognition and Cognitive Neuropsychology, Mammig and
Control Processefop. 161-180). Mahwah, NJ: L. Erlbaum Associates

Nelson, T.O. & Narens, L. (1990). Metamemory: aotieéical framework and new
findings. In G.H. Bower (Ed.)The Psychology of Learning and Motivation
(Vol. 26, pp.125-173). New York, NY: Academic Press

Nelson, T.O. & Narens, L. (1994). Why investigatetatognition? In J. Metcalfe &
A.P. Shimamura (Eds.Metacognition: Knowing About Knowir(@p. 1-25).
Cambridge, MA: MIT Press.

Nessler, D., Mecklinger, A. & Penney, T.B. (200Event-related potentials and
illusory memories: the effects of differential edowy. Cognitive Brain
Research, 1283-301.

Neville, H.J., Kutas, M., Chesney, G. & SchmidtLA(1986). Event-related brain
potentials during initial encoding and recognitrmemory of congruous and
incongruous wordslournal of Memory & Language, 285-92.

Otten, L.J., Henson, R.N.A. & Rugg, M.D. (2001).dife of processing effects on
neural correlates of memory encoding: relationgkeépveen findings from

across- and within-task comparisoBsain, 124 399-412.

301



References

Otten, L.J., Henson, R.N.A. & Rugg, M.D. (2002)atstrelated and item-related
neural correlates of successful memory encodiajure Neuroscience,, 5
1339-1344.

Otten, L., Quayle, A.H., Akram, S., Ditewig, T.A. Rugg, M.D. (2006). Brain
activity before an event predicts later recollettiNature Neuroscience,, 9
489-491.

Otten, L. & Rugg, M.D. (2001a). Electrophysiolodiceorrelates of memory
encoding are task-depende@bgnitive Brain Research, 121-18.

Otten, L. & Rugg, M.D. (2001b). Task-dependencytloé neural correlates of
episodic encoding as measured by fM&érebral Cortex, 111150-1160.

Paller, K.A. & Kutas, M. (1992). Brain potentialsirithg memory retrieval provide
neurophysiological support for the distinction be&n conscious
recollection and priminglournal of Cognitive Neuroscience,375-391.

Paller, K.A., Kutas, M. & Mayes, A.R. (1987). Neliarrelates of encoding in an
incidental learning paradigm.Electroencephalography & Clinical
Neurophysiology, 67360-371.

Paller, K.A., Voss, J.L. & Boehm, S.G. (2007). \daliing neural correlates of
familiarity. Trends in Cognitive Sciences,, P#3-250.

Pannu, J.K. & Kaszniak, A.W. (2005). Metamemory exments in neurological
populations: a reviewNeuropsychological Review, ,1505-30.

Park, H. & Rugg, M.D. (2008). Neural correlates safccessful encoding of
semantically and phonologically mediated inter-iterassociations.

Neurolmage, 43165-172.

302



References

Park, H., Uncapher, M.R. & Rugg M.D. (2008). Effedf study task on the neural
correlates of source encodirigearning & Memory, 15417-25.

Pavio, A., Yuille, J.C. & Madigan, S.A. (1968). Gwateness, imagery and
meaningfulness values for 925 wordsurnal of Experimental Psychology
Monograph Supplement, 18, part 2).

Perry, N.W. (1966). Signal versus noise in evoke@mptial. Science, 1531022.

Picton, T.W., Bentin, S., Berg, P., Donchin, E.|lyird, S.A., Johnson, R., Jr., et
al., (2000). Guidelines for using human event-ezlapotentials to study
cognition: recording standards and publicationecidt Psychophysiology,
37, 127-152.

Postle, B.R. & Corkin, S. (1998). Impaired wordmteompletion priming but
intact perceptual identification priming with nowebrds: evidence form the
amnesic patient H.MNeuropsychologia, 36121-440.

Qin, S., Piekeman, C., Petersson, K.M., Han, Bg,Ll1 & Fernandez, G. (2007).
Probing the transformation of discontinuous asdimria into episodic
memory: an event-related fMRI studyeuroimage, 38212-222.

Ranganath, C. & Paller, K.A. (1999). Frontal brpotentials during recognition are
modulated by requirements to retrieve perceptutdildéNeuron, 22 605—
613.

Roediger, H.L. & Thorpe, L.A. (1978). The role oécall time in producing
hypermnesiaMemory & Cognition, $296-305.

Rosenbaum, R.S., Kohler, S., Schacter, D.L., Masdoyv M., Westmacott, R.,
Black, S.E., et al., (2005). The case of K.C.: dbations of a memory-

impaired person to memory theoNeuropsychologia, 43289-1021.

303



References

Rotello, C.M., Mcmillan, N.A., Reeder, J.A. & Wonlyl. (2005). The remember
response: subject to bias, graded, and not a pgues indicator of
recollection. Psychonomic Bulletin & Review. Special Issue: Mgmor
Strength and Recency Judgments,865-873.

Rowan, A.J. & Tolunsky, E. (2003primer of EEG Philadelphia, PA: Butterworth-
Heinemann.

Ruchkin, D.S., Berndt, R.S., Johnson, R., Jr..eRittV., Grafman, J. & Canoune,
H.L. (1997) Modality-specific processing streams werbal working
memory: evidence from spatio-temporal patternsrainbactivity. Cognitive
Brain Research, 85-113.

Ruchkin, D.S., Johnson, R., Jr., Canoune, H. artteiRiW. (1990). Short-term
memory storage and retention: an event-relatednbmtential study.
Electroencephalography and Clinical Neurophysiolog 419-439.

Ruchkin, D.S., Johnson, R. Jr. & Friedman, D. (39%aling is necessary when
making comparisons between shapes of event-repatietial topographies:
a reply to Haig et aPsychophysiology 3®32-834.

Ruchkin, D.S., Johnson, R., Jr., Grafman, J., Caep#l. and Ritter, W. (1992).
Distinctions and similarities among working mema@nmpcesses: an event-
related potential studfognitive Brain Research, 53-66.

Ruchkin, D.S., Johnson, R., Jr.,, Mahaffey, D. amdtd®, S. (1988). Towards a
functional Categorisation of slow wavéXsychophysiology, 2839-353.

Rugg. M.D. (1995). Event-related potentials studdsuman memory. In M.D.

Rugg & M.G.H. Coles (Eds.)Electrophysiology of Mind: Event-Related

304



Rugg.

Rugg,

Rugg,

Rugg,

Rugg,

Rugg,

Rugg,

References

Brain Potentials and cognitiofVol. 15, pp. 132-170). New York, NY:
Oxford University Press.

M.D. & Coles, M.G.H. (1995). The ERP and dtiga psychology:
conceptual issues. In M.D. Rugg & M.G.H. Coles (Edslectrophysiology
of Mind: Event-Related Brain Potentials and Cognit{\VVol. 15, pp. 27-38).
New York, NY: Oxford University Press.

M.D. & Curran, T. (2007). Event-related paigls and recognition memory.
Trends in Cognitive Sciences,, Pb1-257.

M.D., Henson, R.N. & Robb, W.G. (2003). Neéuwarrelates of retrieval
processing in the prefrontal cortex during recdgnitand exclusion tasks.
Neuropsychologia, 440-52.

M.D., Mark, R.E., Walla, P., Schloerschefli\., Birch, C.S. & Allan, K.
(1998). Dissociation of the neural correlates woiplicit and explicit
memory.Nature, 392595-598.

M.D., Otten, L. & Henson, R.N.A. (2002). Theural basis of episodic
memory: evidence from functional neuroimaginghe Philosophical
Transactions of the Royal Society, Series B, 3897-1110.

M.D., Schloerscheidt, A.M. & Mark, R.E. (199&n electrophysiological
comparison of two indices of recollectialournal of Memory & Language,
39, 47-69.

M.D. & Yonelinas, A.P. (2003). Human recommt memory: a cognitive

neuroscience perspectiviekends in Cognitive Science, J13-319.

305



References

Sanquist, T.F., Rohrbaugh, J.W., Syndulko, K. & dsky, D.B. (1980).
Electrocortical signs of levels of processing: petaal analysis and
recognition memoryPsychophysiology, 1568-576.

Schacter, D.L. (1987). Implicit memory: history aedrrent statusJournal of
Experimental Psychology: Learning, Memory & Cogmniti13 501-518.

Schacter D.L. & Tulving, E. (1994). What are themoey systems of 1994? In
D.L., Schacter & E. Tulving (Eds.)Memory Systems(pp. 1-38).
Cambridge, MA: MIT Press.

Schloerscheidt, A.M. & Rugg, M.D. (2004). The impad change in stimulus
format on the electrophysiological indices of ragitign. Neuropsychologia
42, 451-466.

Schwartz, B.L. (1994). Sources of information intamemory: judgments of
learning and feelings of knowing.sychonomic Bulletin & Review, 357-
375.

Schwartz, B.L., Benjamin, A.S. & Bjork, R.A. (1997)he inferential and
experiential bases of metamemo@urrent Directions in Psychological
Science, $132-137.

Scoville, W. B. & Milner, B. (1957). Loss of recemhemory after bilateral
hippocampal lesions. Journal of Neurology, Neurosurgery & Psychiatry,
20, 11-21.

Semlitsch, H.V., Anderer, P., Schuster, P. & PrekslO. (1986). A solution for
reliable and valid reduction of ocular artefactplaga to the P300 ERP.

Psychophysiology, 2895-703.

306



References

Senkfor, A.J. & van Petten, C. (1998). Who said t®han event-related potential
investigation of source and item memoryournal of Experimental
Psychology: Learning, Memory & Cognition,,2dD05-102.

Shallice, T. & Warrington, E.K. (1969). Independé&mtctioning of verbal memory
stores: a neuropsychological stud@uarterly Journal of Experimental
Psychology, 22261-273.

Smith, M.E. (1993). Neurophysiological manifestatioof recollective experience
during recognition memory judgment®ournal of Cognitive Neuroscience,
5, 1-13.

Smith, A.P.R., Dolan, R.J. & Rugg, M.D. (2004). Bt«elated potential correlates
of the retrieval of emotional and nonemotional eahtJournal of Cognitive
Neuroscience 16/60-775.

Sommer, W., Heinz, A., Leuthold, H., Matt, J. & Sainberger, S.R. (1995).
Metamemory, distinctiveness, and event-related mistis in recognition
memory for facesMemory & Cognition, 231-11.

Sommer, W., Schweinberger, S.R. & Matt, J. (199uman brain potential
correlates of face encoding into memoriglectroencephalography &
Clinical Neurophysiology, 79457-463.

Son, L.K. & Kornell, N. (2008). Research on theoadition of study time: key
studies from 1890 to the present (and beyond). Dudlosky & R.A. Bjork.
(Eds.).Handbook of Metamemory and Memdpp. 333-351). New York,
NY: Psychology Press.

Son, L.K. & Metcalfe, J. (2005). Judgments of |éagn evidence for a two-stage

processMemory & Cognition, 331116-1129.

307



References

Souchay, C., Isingrini, M., Clarys, D., Taconnat, & Eustache, F. (2004).
Executive functioning and judgment-of-learning wesrgeeling-of-knowing
in older adultsExperimental Aging Research,,37-62.

Spaniol, J., Davidson, P.S.R., Kim, A.S.N., Han, Moscovitch, M. & Grady, C.L.
(2009). Event-related fMRI studies of episodic ating and retrieval: meta-
analyses using activation likelihood estimatiadeuropsychologia, 47
1765-1779.

Spellman, B.A. & Bjork, R.A. (1992). When prediat®create reality: judgments of
learning may alter what they are intended to as$&sghological Science,
3, 315-316.

Spellman, B.A., Bloomfield, A. & Bjork, R.A. (2008Measuring memory and
metamemory. In J. Dunlosky & R.A. Bjork. (Eds.Handbook of
Metamemory and Memo(pp. 95-114). New York, NY: Psychology Press.

Spencer K.M., Vila Abad, E. & Donchin E. (2000). Qhe search for the
neurophysiological manifestation of recollective  pesience.
Psychophysiology, 3494-506.

Squire, L.R. (1992). Declarative and nondeclaratmemory: multiple brain
systems supporting learning and memoryournal of Cognitive
Neuroscience,, £232-243.

Squire, L.R. (2004). Memory systems of the brainbraef history and current
perspectiveNeurobiology of Learning & Memory, 8271-177.

Squire, L.R. & Zola, S.M. (1998). Episodic memoigemantic memory, and

amnesiaHippocampus, 8205-11.

308



References

Strong Jr., E.K. (1912). The effect of length ofis® upon recognition memory.
Psychological Reviewl9, 447-462.

Thiede, K.W. (1999). The importance of monitoringdaself-regulation during
multitrial learning.Psychonomic Bulletin & RevieWw, 662-667.

Tiede, H.L. & Leboe, J.P. (2009). lllusions of ccetgnce for phonetically,
orthographically, and semantically similar wordrpaCanadian Journal of
Experimental Psychology, 6294-302.

Trott, C.T., Friedman, D., Ritter, W. & Fabiani, M1997). Item and source
memory: differential age effects revealed by evefdted potentials.
NeuroReport, 83373-3378.

Trott, C.T., Friedman, D., Ritter, W., Fabiani, M. Snodgrass, J. G. (1999).
Episodic priming and memory for temporal sourcesrgwelated potentials
reveal age-related differences in prefrontal flowitig. Psychology of
Aging, 14 390-413.

Tsivilis, D., Otten, L. & Rugg, M.D. (2001). Conteaffects on the neural correlates
of recognition memory: an electrophysiological studeuron, 31497-505.

Tulving, E. (1972). Episodic and semantic memonyEl Tulving & W. Donaldson
(Eds.).Organization of memorypp. 381-403). New York, NY: Academic
Press.

Tulving, E. (1974). Cue-Dependent ForgettiAgerican Scientist, 6274-82.

Tulving, E. (1985). Memory and consciousné&sanadian Psychologist, 26-12.

Tulving, E. (2002). Episodic memory: from mind toaim. Annual review of

psychology, 531-25.

309



References

Tulving, E. & Markowitsch, H.J. (1998). Episodiccadeclarative memory: role of
the hippocampuddippocampus, 8198-204.

Uncapher, M.R. & Wagner, A.D. (2009). Posteriorigtal cortex and episodic
encoding: insights from fMRI subsequent memory@#end dual-attention
theory.Neurobiology of Learning and Memory,,d139-154.

Urbach, T.P. & Kutas, M. (2002). The intractabildf/scaling scalp distributions to
infer neuroelectric sourceBsychophysiology, 3991-808.

Van Overschelde, J.P. (2008). Metacognition: kngwebout knowing. In J.
Dunlosky & R.A. Bjork. (Eds.)Handbook of Metamemory and Memory
(pp. 47-72). New York, NY: Psychology Press.

Van Overschelde, J.P. & Nelson, T.O. (2006). Dalgyelgments of learning cause
both a decrease in absolute accuracy (calibratind)an increase in relative
accuracy (resolutionMemory & Cognition, 341527-1538.

Van Petten, C., Luka, B.J., Rubin, S.R. & Ryan, {2002). Frontal brain activity
predicts individual performance in an associativenmary exclusion test.
Cerebral Cortex, 121180-1192.

Van Petten, C. & Senkfor, A.J. (1996). Memory foords and novel visual
patterns: repetition, recognition and encoding cffeén the event-related
brain potentialPsychophysiology, 3391-506.

Vargha-Khadem, F., Gadian, D.G., Watkins, K.E., @&p, A., Van Paesschen, W.
& Mishkin, M. (1997). Differential effects of earlgippocampal pathology

on episodic and semantic memaBgience, 27,7376—-380.

310



References

Vilberg, K.L., Moosavi, R.F. & Rugg, M.D. (2006).h& relationship between
electrophysiological correlates of recollection atount of information
retrieved.Brain Research, 1122,61-170.

Vilkki, J., Servo, A. & Surma-aho, O. (1998). Wdrst learning and prediction of
recall after frontal lobe lesionsleuropsychology, 1268-277.

Vilkki, J., Surma-aho, O. & Servo, A. (1999). Inacate prediction of retrieval in a
face matrix learning task after right frontal lolesions.Neuropsychology
13, 298-305.

Von Hippel, W. & Hawkins, C. (1994). Stimulus expos time and perceptual
memory.Perception & Psychophysics, 5J625-535.

Wagner, A.D., Koustaal, W. & Schacter, D.L. (199%Yhen encoding yields
remembering: insights from event-related neuroimggiPhilosophical
Transactions of the Royal Society of London SeBieBiological Sciences,
354, 1307-1324.

Wagner, A.D., Schacter, D.L., Rotte, M., Koutstaal, Maril, A., Dale, A.M., et
al., (1998). Building memories: remembering andgétting of verbal
experiences as predicted by brain activ@gience 2811188-1191.

Walter, W.G., Cooper, R., Aldridge, V.l., McCallum/.C. & Winter, A.L. (1964).
Contingent negative variation: an electric signsefisorimotor association
and expectancy in the human brallature, 203 380-384.

Weaver, C.A. & Kelemen, W.L. (1997). Judgmentseaxrhing at delays: shifts in
response patterns or increased metamemory accurBsyehological

Science, 8318-321.

311



References

Weingartner, H.J., Joyce, E.M., Sirocco, K.Y., AdanC.M., Eckardt, M.J.,
George, T. & Lister, R.G. (1993). Specific memondasedative effects of
the benzodiazepine triazoladournal of Psychopharmacology, 305-315.

Weyers, H., Tendolkar, 1., Smid, H.G.O.M. & HeinzH,J. (1997). ERPs to
encoding and recognition in two different intemiteassociation tasks.
NeuroReport, 81583-1588.

Wilding, E.L. (1999). Separating retrieval strategifrom retrieval success: an
event-related potential study of source membiguropsychologia, 37441-
454,

Wilding, E.L. (2006). On the practice of rescalirggalp-recorded electro-
physiological dataBiological Psychology, 7,2325-332.

Wilding, E.L., Doyle, M.C. & Rugg, M.D. (1995). Regnition memory with and
without retrieval of context: an event-related moE study.
Neuropsychologica, 3343-767.

Wilding, E.L. & Rugg, M.D. (1996). An event-relatpotential study of recognition
memory with and without retrieval of sour@rain, 119 889-905.

Wilding, E.L. & Rugg, M.D. (1997a). Event-Relatedtentials and the recognition
memory exclusion taskeuropsychologia, 35119-128.

Wilding, E.L. & Rugg, M.D. (1997b). An event-reldtgotential study of memory
for words spoken aloud or heaikeuropsychologica, 33.185-1195.

Wolk, D.A., Schacter, D.L., Lygizos, M., Sen, N.Mhong, H., Holcomb, P.J., et.
al., (2007). ERP correlates of remember/know dewssi association with

the late posterior negativitfgiological Psychology, 75131-135.

312



References

Wolk, D.A., Schacter, D.L., Lygizos, M., Sen, N.NHplcomb, P.J., Daffner, K.R.,
et. al., (2006). ERP correlates of recognition megmeffects of retention
interval and false alarmBrain Research, 109648-162.

Woodruff, C.C., Hayama, H.R. & Rugg, M.D. (2006)le&rophysiological
dissociation of the neural correlates of recol@ctand familiarity.Brain
Research, 1100.25-135.

Woody, C.D. (1967). Characterization of an adaptiler for the analysis of
variable latency neuroelectric signailéedical & Biological Engineering, .5
539-553.

Yick, Y.Y. & Wilding, E.L. (2008). Material-specifi neural correlates of memory
retrieval.NeuroReport, 191463-1467.

Yonelinas, A. P. (1994). Receiver-Operating Chamastics in recognition memory:
evidence for a dual-process modéburnal of Experimental Psychology:
Learning, Memory & Cognition, 20.341-1354.

Yonelinas, A.P. (2002). The nature of recollectaord familiarity: a review of 30
years of researclournal of Memory & Language, 4841-517.

Yonelinas, A.P. & Jacoby, L.L. (1994). Dissociasoaf processes in recognition
memory: effects of interference and of responsedgeanadian Journal of
Experimental Psychology, 4816-534.

Yonelinas, A.P., Otten, L., Shaw, K.N. & Rugg, M.2005). Separating the brain
regions involved in recollection and familiarity iacognition memoryThe
Journal of Neuroscience, 23002—-3008.

Yonelinas, A.P. & Parks, C.M. (2007). Receiver (yieig Characteristics (ROCs)

in recognition memory: a reviewsychological Bulletin, 13300-832.

313



References

Yovel, G. & Paller, K.A. (2004). The neural basi$ the butcher-on-the-bus
phenomenon: when a face seems familiar but is m@hembered.

Neurolmage, 21789-800.

314



Appendix A

Visual inspection of the waveforms from Experim@nted to the observation of
early (300-500 ms post stimulus) SM and JOL effauith similar appearances.
This effect is characterised by an increase intpdsi for Hits relative to Misses
(see Figure A.1) and High JOL relative to Low JGied Figure A.2) on frontal

electrode sites — a pattern which is reversed stepor electrode sites.

As for the effects reported in Chapter 6, data west analysed using ANOVA
with factors of category (Hits versus Misses, Higérsus Low JOL), location
(frontal, fronto-central, central, centro-parietadyrietal), hemisphere (left, right) and
electrode site (superior, mid, inferior) followeg bve subsidiary analyses when

appropriate. The outcome of these analyses wilkperted below.
The initial ANOVA performed on the SM effect revedlsignificant interactions

between condition and hemispheF¢]],23) = 4.4 p < 0.05], and between condition,

hemisphere and sité-(1.3,29.8) = 6.9, p < 0.01]. The outcome of thesalyses
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Appendix A

confirms the impression that the SM effect is dligpositive-going at right-frontal

electrode sites and negative-going at left-parietabrding sites.

By contrast, the analyses of the JOL effect revkalsingle significant interaction
between condition and locatiorF(fL.3,30.6) = 5.2 p < 0.05]. This location
interaction reflects that the JOL effect is postiat frontal electrode sites and
negative at posterior electrode sites. Howevergnafnthe five subsidiary analyses
revealed any significant main effects or interawdiqall Fs < 2.9); the effect is

clearly statistically weak in this case.

It is difficult to comprehend what the functionagmificance of these small and
early SM and JOL effects are, however they appeaeflect processes that vary
with successful memory encoding and memorabilitings in the same manner as
the positive effects observed between 550-1000 Thss interpretations is not

unreasonable given that SM effects have sometinges bound 200 ms post
stimulus presentation (Smith, 1993; Sommer etl®95) or even earlier (Otten &

Rugg, 2001a). The early effects described in thpekdix are nevertheless not
considered critical in the context of this thesisl avill therefore not be discussed

further.
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Figure A.1 SM effects during the 300-500 ms timadwaiw.

Effects are shown at frontal (FZ; upper waveformyl garietal (PZ; lower waveform) electrodes.
Scalp map illustrates the distribution of the effedhe front of the heads is at the top of the snap
and the scale bars represent the sizes of theeffaey.
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Fz
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Figure A.2 JOL effects during the 300-500 ms timedow.

Effects are shown at frontal (FZ; upper waveformyl parietal (PZ; lower waveform) electrodes.
Scalp map illustrates the distribution of the effedhe front of the heads is at the top of the snap
and the scale bars represent the sizes of theeffgev.
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Appendix B

The SM and JOL effects from the picture block ofp&sment 4 were initially
analysed using the original time windows from Expents 1 and 2. Visual
inspections of the waveforms suggested that thecesffare better characterised by
the use of one single time window. This alternativee window was identified as
600-1500 ms and the outcome of the re-analyseseamted below and in Tables

B.1 and B.2.

B.1. ERP results

B.1.1. Picture Block: SM Effects

In the 600-1500 ms time window, the SM effect wasximal at F7° [t(23) = 3.6, p
< 0.01] (waveform and scalp distribution are showkigure B.1). The outcome of
the initial ANOVA was a significant interaction beten condition and location

[F(1.5,34.4) = 9.3, p < 0.01]. The subsidiary anadysevealed significant main

20 F7 is not included in the original analyses. Audial analyses including four, rather than three
factors of site (covering electrodes at far infersites) were therefore carried out, however the
outcome of these analyses did not differ from thigimal analyses and are for that reason not
reported.
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effects from frontal to central electrode rows. Taealyses seem to reflect a

widespread increase in positivity with a focus mmnfal electrode sites.

--------------- Subsequent Recognition

F7 -
— Subsequent Miss

+10 pv

AT I

0 600 1500 ms

Figure B.1 SM effect at F7.

Zero indicates stimulus onset. The topographic ilaptrates the scalp distributions of the JOL
effect (subsequent Hits minus subsequent Miss) twe600-1500 ms time window. The front of the
head is at the top of the map and the scale bagsepts the size of the effectu.

B.1.2. Picture Block: JOL Effects

In the 600 to 1500 ms time window, the JOL effeeiswnaximal at FC4t([R3) =
3.1, p < 0.01] (waveform and scalp distribution af®wn in Figure B.2). The
outcome of the initial ANOVA was significant intetéions between condition and
location [(1.3,30.7) = 8.2, p < 0.01] and between condititogation and
hemisphere H(1.6,36.0) = 4.7, p < 0.05]. The subsidiary analysevealed
significant main effects of condition from fronted central electrode rows and a
significant interaction between condition and hgheye at the frontal electrode
row. Overall, the analyses reflect increase pasitiover right-frontal electrode

sites.
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Foq High JOL
— LowJOL
+10 pv
E 2
o pv
— P
0 600 1500 ms

Figure B.2 JOL effect at FCA4.

Zero indicates stimulus onset. The topographic ifaptrates the scalp distributions of the JOL
effect (High JOL minus Low JOL) over the 600-1506 time window. The front of the head is at
the top of the map and the scale bar represenszéef the effect ipV.
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Table B.1 Outcomes of the analysis of the SM egfect
(F = Frontal; FC = Fronto-Central; C = Central; €Rentro-Parietal; P = Parietal).

Recognition/Miss

600-1500ms F FC C CpP

Condition F(1,23)=4.6; p<0.05 F(1,23)=7.0; p<0.05 F(1,23)=4.7; p<0.05
Condition x Hemisphere
Condition x Site

Condition x Hemisphere x Site

Table B.2 Outcomes of the analysis of the JOL éffec
(F = Frontal; FC = Fronto-Central; C = Central; €Eentro-Parietal; P = Parietal).

High JOL/Low JOL

600-1500ms F FC C CP
Condition F(1,23)=6.9; p<0.05 F(1,23)=7.6; p<0.05 F(1,23)=6.2; p<0.05
Condition x Hemisphere F(1,23)=4.4; p<0.05

Condition x Site

Condition x Hemisphere x Site
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Appendix C

In the word block of Experiment 4, the early JOLfeef exhibited a prefrontal

distribution. Prefrontal electrodes (FP1, FP2, Adr8l AF4) were therefore included in
an additional set of analyses. Since these eleztrackre not originally included in the
analyses conducted on the JOL contrasts in Expetsrie and 2, additional analyses

have been carried out and are reported below.

JOL data from the 550-1000 ms time window were ya®l using ANOVA with
factors of category (High JOL versus Low JOL), kbma (fronto-polar, anterior-frontal)
and hemisphere (left, right). For experiment 1, #elysis revealed a significant
interaction between condition and hemisphef¢1[19.0) = 7.5, p < 0.05]. The
interaction reflects slight positivity on the léfémisphere with simultaneous negativity
on the right hemisphere (see Figure C.1). The acteon does not seem to reflect a

positive-going effect as described for the worccklof Experiment 4 (Chapter 8).

For Experiment 2 the ANOVA revealed no significamdin effect or interactions (afis

< 3.9). Based on these analyses it was concludstdthie early prefrontal JOL effect
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Appendix C

observed in the word block of Experiment 4 waspresent in preceding Experiments 1

and 2 (see Figure C.1).

Experiment 1 Experiment 2 Experiment 4
EZ 52 (words) 52
] ] t ]
(e zowv CUEEEEE cow St cow
i - R - -
® i ¢ i :
- =, TR B )

Figure C.1 The early JOL effects from Experiment2 and 4 (words).
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Appendix D

Of the 20 participants who contributed to the stptipse data of Experiment 1, 14 of
these performed sufficiently to contribute to tlesttphase data. Similarly, of the 24
participants who contributed to the study phase adtExperiment 2, 21 performed
sufficiently to contribute to the test phase datae behavioural results of these subsets
of participants do not deviate significantly frohose of the full samples, but are, for

completeness, reported below.

D.1. Behavioural Results

D.1.1. Experiment 1: Study

JOL response rates are shown in Figure D.la, dgHdilan inverted ‘u’, with more
responses in the middle of the scale. ANOVA rewtalenain effect of JOLH(4,52) =
6.4, p < 0.001], with an accompanying quadratiodré~(1,13) = 18.7, p < 0.01]. The
pattern of reaction time (RT) for making JOLs aitdst also formed the shape of an
inverted “U” when plotted against each level of JBligure D.1b). ANOVA revealed
a significant main effect of JOIF[4,48) = 11.7, p < 0.001], exhibiting line&#([,12) =

13.1, p < 0.01] and quadratic tren&€1,12) = 15.9, p < 0.01].
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Appendix D

100 4 1000 1
80 1 800 A
60 4 600

40 4 400
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Reaction time (ms)

20 1 200 A
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Figure D.1 Behaviour at study.
Mean (and S.E.) number of trials assigned eachcibegory at study (A) and reaction times for making
each level of JOL at study (B).

D.1.2. Experiment 1: Test

Overall recognition responses are shown in Figu@aDFigure D.2b shows the mean
recognition accuracy for old items distributed asrahe levels of JOLs assigned at
study. It is evident from the graph that recogmtiperformance improved with
increasing JOL, and a repeated measures ANOVA roedl that the effect of JOL was
significant [F(4,52) = 18.8, p < 0.001], exhibiting a line&(1,13) = 58.0, p < 0.001]
trend. The mean G score of 0.30 (SD = 0.17) wasfsigntly above zerot(14) = 6.71,

p < 0.001]. Mean gwas 0.42 (SD = 0.28) and was also signficantlyalzero {(14) =
5.78, p < 0.001]. The reaction times measured stt &e shown in Figure D.2c.
ANOVA confirmed a main effect of JOLF[4,52) = 6.9, p < 0.001], again exhibiting

linear [F(1,13) = 7.7, p < 0.05] and quadratig(,13) = 6.5, p < 0.05] trends.
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Appendix D
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Figure D.2 Behaviour at test.
Mean (and S.E.) recognition responses for eachorsgpcategory at test (A), cued recall performance
across JOL at test (B) and reaction time measurtgsisplit according to JOL (C).

D.1.3. Experiment 2: Study

JOL response rates are shown in Figure D.3a. AN@&4aled a main effect of JOL
[F(4,80) = 14.9, p < 0.001], with accompanying linf&(1,20) = 15.4, p < 0.01] and
guadratic trendsH(1,20) = 20.9, p < 0.001]. The reaction times (FRir)making JOLs
at study are shown in Figure D.3b. ANOVA reveadesignificant main effect of JOL
[F(4,80) = 4.6, p < 0.01], again exhibiting line&(1,20) = 4.6, p < 0.05] and quadratic

trends F(1,20) = 11.3, p < 0.01].
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Figure D.3 Behaviour at study.
Mean (and S.E.) number of trials assigned eachcibegory at study (A) and reaction times for making
each level of JOL at study (B).

D.1.4. Experiment 2: Test

Overall recognition responses are shown in FigudaDFigure D.4b shows the mean
recognition accuracy for old items distributed asrahe levels of JOLs assigned at
study. It is evident from the graph that recogmtiperformance improved with
increasing JOL, and a repeated measures ANOVA roedl that the effect of JOL was
significant [F(4,80) = 20.7, p < 0.001], exhibiting line&#(,20) = 40.4, p < 0.001] and
guadratic trendsH(1,20) = 5.6, p < 0.05]. The mean G score of 0B € 0.16) was
significantly above zerot(20) = 7.17, p < 0.001]. Mean, #vas 0.37 (SD = 0.25) and
was also significantly above zen§Z0) = 6.67, p < 0.001]. Reaction times measured at
test are shown in Figure D.4c. ANOVA confirmed ammeffect of JOL F(4,80) = 7.9,

p < 0.001], accompanied with a significant lineend [F(1,20) = 18.9, p < 0.001].

328



Appendix D

( 3\
100 7
80
IS
> 601
=
S 0
<
["%
N . l
04
HITS MISSES CR FA
\ J
4 AW 4 3\
100 2000 1
g
> 80 % 1600 1
3 E
3 601 2 1200 1
Q —
© =
c c
S 404 2 800
E= 5
= o]
S 201 o 400 1
k7
o
0 - 0-
1 2 3 4 5 1 2 3 4 5
JoL JoL
\ J \L J

Figure D.4 Behaviour at test.
Mean (and S.E.) recognition responses for eachonsgpcategory at test (A), recognition performance
across JOL at test and (B) reaction time measurtgsisplit according to JOL (C).
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Appendix E

Of the 24 participants who contributed to the stptigse data of Experiment 4, 21 of
these performed sufficiently to contribute to thsttphase data. The behavioural results
of this subset of participants do not deviate sigantly from those of the full sample,

but are, for completeness, reported below.

E.1. Behavioural Results

E.1.1. Word Block: Study

JOL response rates are shown in Figure E.1la. AN@#&aled a main effect of JOL
[F(4,76) = 18.2, p < 0.001], with an accompanyingdyatc trend F(1,19) = 19.5, p <
0.001]. The pattern of reaction time (RT) for makifOLs at study formed the shape of
an inverted “U” when plotted against each levelJ@L (Figure E.1b). ANOVA
revealed a significant main effect of JOE(4,76) = 3.3, p < 0.05], exhibiting a

guadratic trendH(1,19) = 18.8, p < 0.001].
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Figure E.1 Behaviour at study.
Mean (and S.E.) number of trials assigned eachcibegory at study (A) and reaction times for making
each level of JOL at study (B).

E.1.2. Word Block: Test

Overall recognition responses are shown in FiguaEnd Figure E.2b shows the
mean recognition accuracy for old items distribusedoss the levels of JOLs assigned
at study. It is evident from the graph that rectgni performance improved with
increasing JOL and a repeated measures ANOVA coadlrthat the effect of JOL was
significant [F(4,76) = 19.7, p < 0.001], exhibiting a line&(1,19) = 32.7, p < 0.001]
trend. The mean G score of 0.36 (SD = 0.13) wasifgigntly above zerot(20) =
12.82, p < 0.001]. Meanyavas 0.53 (SD = 0.23) and was also signficantlyalzero
[t(20) = 10.77, p < 0.001]. The reaction times meadat test are shown in Figure E.2c.
ANOVA confirmed a main effect of JOLF[4,76) = 6.3, p < 0.001], again exhibiting

linear [F(1,19) = 17.8, p < 0.001] and quadra&¢],19) = 4.9, p < 0.05] trends.
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Figure E.2 Behaviour at test.
Mean (and S.E.) recognition responses for eachorsgpcategory at test (A), cued recall performance
across JOL at test (B) and reaction time measurtgsisplit according to JOL (C).

E.1.3. Picture Block: Study

JOL response rates are shown in Figure E.3a. AN®@#&aled a main effect of JOL
[F(4,76) = 35.6, p < 0.001], with accompanying linf&1,19) = 24.6, p < 0.001] and
quadratic trendsH(1,19) = 33.6, p < 0.001]. Figure E.3b shows thitepa of reaction

time (RT) for making each level of JOL. The ANOVAddot reveal a significant effect

of JOL F=0.1)
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Figure E.3 Behaviour at study.
Mean (and S.E.) number of trials assigned eachcidegory at study (A) and reaction times for making
each level of JOL at study (B).

E.1.4. Picture Block: Test

Overall recognition responses are shown in Figudatnd Figure E.4b shows the
mean recognition accuracy for old items distribusedoss the levels of JOLs assigned
at study. It is evident from the graph that rectigni performance improved with
increasing JOL and a repeated measures ANOVA coatlrthat the effect of JOL was
significant [F(4,74) = 23.5, p < 0.001], exhibiting lined#(,19) = 26.5, p < 0.001] and
guadratic trendsH(1,19) = 10.6, p < 0.01]. The mean G score of @B = 0.12) was
significantly above zerat(20) = 14.05, p < 0.001]. Mean @dias 0.57 (SD = 0.19) and
was also signficantly above zeitg20) = 13.57, p < 0.001]. Reaction times measuted a
test are shown in Figure E.4c. ANOVA confirmed ameffect of JOL F(4,76) = 13.5,

p < 0.001], accompanied with a linear treR¢l],19) = 21.6, p < 0.001].
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Figure E.4 Behaviour at test.

Mean (and S.E.) recognition responses for eachonsgpcategory at test (A), recognition performance
across JOL at test (B) and reaction time measurtgsisplit according to JOL (C).
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